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OBJECTIVES (1)
Outcome models on networks are often unreliable. However, forgo-
ing models entirely may result in unacceptably large variance. We
propose a middle ground which uses a working model to inform the
design of an experiment, while the subsequent inference is entirely
randomization-based. Our main contributions are as follows:

1. We introduce the idea of model-assisted design, which uses the
Mean Squared Error of a model to evaluate the quality of assign-
ments.

2. We present a class of models for correlated outcomes on networks
for which the Mean Squared Error is available in closed form, and
is interpretable in terms of network quantities.

3. We propose a concrete implementation of our method, via re-
randomization.

SETUP AND MODEL (3)

Model
Yi(1) = Yi(0) + τ

Yi(0) =
∑
j∈Ni

Xj + ε(i) ε(i)
ind∼ N (0, γ2)

Xj
iid∼ N (µ, σ2)

Estimator

τ̂ = Y (1)
obs
− Y (0)

obs

Mean Squared Error

mseW (τ̂ , τ) = µ2(Z∗(W ))2 + (Z(W )t(γ2I + σ2AtA)Z(W ))

CLOSER LOOK AT THE MSE (6)

mseW (τ̂ , τ) = µ2(Z∗(W ))2︸ ︷︷ ︸
bias2

+ γ2Z(W )tZ(W ) + σ2Z(W )tAtAZ(W )︸ ︷︷ ︸
variance

µ2(Z∗(W ))2 ⇒ penalizes imbalance in average size of neighborhoods
in each group

γ2Z(W )tZ(W )⇒ penalizes imbalance in group sizes

σ2Z(W )tAtAZ(W ) ⇒ encourages shared neighbors between
groups

Bias Term

µ2(Z∗(W ))2 = µ2(|N (1)| − |N (0)|)2

⇒ Is minimized when nodes on each treatment group have same average
number of neighbors

⇒ Bias disappears in k-regular graphs

Variance Term - 1
γ2Z(W )tZ(W ) = γ2(

1

N1
+

1

N0
)

⇒ Is minimized when both treatment groups have same size

⇒ Similar to MSE in iid case

Variance Term - 2

σ2Z(W )tAtAZ(W ) =
σ2

N2
1

∑
i,j/Wi=Wj=1

|Ni ∩Nj | (T1)

+
σ2

N2
0

∑
i,j/Wi=Wj=0

|Ni ∩Nj | (T2)

− 2σ2

N1N0

∑
i,j/Wi=1&Wj=0

|Ni ∩Nj | (T3)

where the T1, T2, T3 are the average number of shared neighbors:

(T1) within treatment group

(T2) within control group

(T3) across groups

⇒ Penalizes cluster-like structures

MODEL-ASSISTED DESIGN VIA RE-RANDOMIZATION (4)

CONTACT INFORMATION

Web www.people.fas.harvard.edu/∼gbasse/
Email gbasse@fas.harvard.edu

Web http://www.people.fas.harvard.edu/∼airoldi/
Email airoldi@fas.harvard.edu

FUTURE WORK
This work lays the ground for a lot of interesting problems:

• Generalizing the approach to semi-parametric models.
• Build a framework for experimental design that covers both correlated outcomes (this work), and interaction (also called peer-effect).
• Explore further the roles of models and design in randomization-based inference

ILLUSTRATION(2)
Task: Assign each node to group A or B to estimate relative effect of
these designs on clickthrough rate.

How bias can hurt

Network Homophily⇒ Inference on average treatment effect will be
biased

MODEL-ASSISTED GUARANTEES (5)
Definition 1 (Design unbiased) An estimator τ̂ is called design-unbiased
if it is unbiased with respect to the assignment mechanism, conditional on the
potential outcomes. That is,

Bias(τ̂ , τ |Y) = 0

Let Zb = {Z :
∑
Zi =

∑
(1− Zi)} (balanced assignments).

Theorem 1 For all t such that |Zt| > 0, the estimator τ̂ is design-unbiased
under the uniform design on Zb ∩ Zt, even if the model is misspecified.

Theorem 2 LetM denote the model proposed above. For t′ ≤ t, we have:

EM[VZb∩Zt′ [τ̂ |Y]] ≤ EM[VZb∩Zt [τ̂ |Y]]

We emphasize the following takeaways:

1. Model-assisted design maintains design-unbiasedness even if the
model is misspecified.

2. If the model holds, model assisted designs help reduce the
randomization-variance.
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