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Problem Formulation
Problem: Estimate a treatment effect with multiple 
experimenters competing for the same population of 
subjects. When multiple experimenters compete, the subjects 
see multiple treatments in some order, at different ranks (e.g. 
a user seeing multiple ads on a online platform). 

What would the effect have been had 
the treatment been first?

Estimand:

Objectives and Results
Ideal goal: minimize the MSE

● We assume lower ranks have lower effects , for 
known discount factors  

● Intuition: samples at rank 1 are most valuable, but samples 
at lower ranks may still be useful 

● We model competition over subjects through an auction, 
where experimenters can bid on subjects

Hard!

Realistic goal: estimation error objective

outcome of user i

Define the sample value by discounting the samples at each rank 
appropriately:

Still hard!

Sample value objective provides a good approx:

Tractable!

*in particular, for  this is a (o(1),o(1))-approximation 

Modeling Choices
Part 1: Experimenters bid on subject slots, with a 
budget, and get assigned ranks based on an 
allocation function (auction design).

A rank allocation implies a sample 
profile for an experiment (# of 
datapoints at each rank).

Part 2: Experimenters use the sample profiles to 
run an RCT on each subject and estimate the 
treatment effect (defined as a counterfactual 
estimand, had the treatment been shown at 
rank 1 for all subjects).

Summary:
● We used a probabilistic allocation function derived from 

auction theory; future work: first-/second-price auctions.
● We assumed known discount factors; if they have to be 

estimated from the same data, we can show it’s not 
worth doing it (e.g. we get lower MSE with just using the 
data conditional at rank 1).

● Future work can generalize the problem from treatment 
estimation to statistical inference questions.

● Auction design + sample value obj   game

● Auction design + estimation error obj           game


