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50 minutes

This is the 5th module of a 5-module workshop on experimental designs for building 

optimal adaptive interventions. By now, you know what an adaptive intervention is.  You 

have discussed why they are important in terms of managing chronic disorders (indeed, an 

ATS formalizes the type of clinical practice taking place today).  And, you have been 

introduced to the SMART clinical trial design, the rationale for SMARTs, and some 

important SMART design principles.

By now you have also learned how to address 2 typical primary research questions (main 

effect of first-line treatment and effect of second-stage treatments (operationalized various 

ways, tactical and treatment))

By now you were also introduced to a weighting approach for estimating the mean 

outcome under 1 of the SMART design-embedded ATSs.  

In this module, we are going to continue discussing the weighting approach. The goal is to 

continue to learn about this approach and learn how to use a weighting approach to 

estimate and compare the mean outcome for all of the design-embedded ATSs. This will be 

the final, 3rd, typical primary aim we discuss in this workshop.



In this module, we’re going to build towards the last bullet point: using weighted-and-

replicated regression to simultaneously compare all embedded adaptive interventions in a 

SMART. In your research, when analyzing data arising from a SMART, you’ll want to use this 

simultaneous approach. 

On our way there, we’ll review how to estimate the mean outcome under one adaptive 

intervention and learn how to compare two AIs that start with different treatments. Then, 

we’ll use this as a foundation to learn the weighted-and-replicated regression approach to 

simultaneously compare all embedded AIs. 
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A1: Indicator for first-stage treatment. A1=-1 for MED, A1=1 for BMOD.

R: Indicator for response status. R=1 for responders, R=0 for non-responders.

A2: Indicator for second-stage treatment among non-responders. A2=-1 for AUGMENT, 

A2=1 for INTENSIFY. (Remember that A2 is only defined for non-responders!)

Y: Outcome variable of interest. In the following examples, we use school performance 

score. For this outcome, higher values are better.
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You can also conceptualize the second-stage treatments in these embedded adaptive 

interventions as tactics rather than treatments.
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This primary aim is a comparison of 2 adaptive interventions that begin with different first-

line treatments.

It is a comparison of two decision rules (notice the if/then). This comparison is like if you 

had a 2-arm RCT where 1 arm was randomized to AI#1 and the other arm was randomized 

to AI#2.

One could also do all remaining pair-wise comparisons between the 4 embedded AIs. Here 

we chose 1 pair for illustration.
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So we can just take a weighted mean (with weights define as above) of the outcomes for 

those participants falling into the A+B boxes above.

In the next slides we show how to do something equivalent to this using a regression 

approach.



8

So we can just take a weighted mean (with weights define as above) of the outcomes for 

those participants falling into D+E boxes above.

In the next slides we show how to do something equivalent to this using a regression 

approach.
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Outline 

10



11

Your initial approach to this comparison might be to just take the mean across participants 

in the AI#1 sub-groups and compare to the mean outcome of participants in the AI#2 sub-

groups. But this approach is not appropriate. This is because, as before, we need to take 

weighted means, and also use robust standard errors.
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Following AI#2 (BMOD, Add MED) leads to better school performance than following AI#1 

(MED, Add BMOD). The difference is statistically significant (p-value = 0.0086) at 5% Type-I 

error.

It is also possible to adjust for baseline (pre-A1) covariates in this regression. This usually 

leads to more efficient (more statistically powerful) comparisons, if the covariate is 

predictive of the outcome. We discuss this more later…
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We’re now able to pull together our existing knowledge to learn how to simultaneously 

compare all embedded AIs in a SMART using a “weighted-and-replicated” regression. This is 

what you’ll want to use in your research.
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Remember that the AI does not involve randomization.
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Basically we require an extra step to replicate 

observations (i.e., rows in the data set) of responders, 

such that instead of one observation per responder, 

there are 2 observations per responder (one with 

A2=1 and the other with A2=-1).

The working intuition is that since a responder’s 

treatment is consistent with this person having been 

assigned either of two ATSs, then we need use each 

responder’s data twice. The first time to estimate the 

mean for the first ATS and the second time to estimate 

the mean for the second ATS.
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Remember that, until now, A2 was not defined for responders. Now, we’ve replicated our 

responders and we assign half of the replicates to A2=1 (which makes them consistent with 

AI#1) and the other half to A2=-1 (which makes them consistent with AI#3). Non-

responders are not replicated.
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