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CUPED
A variance reduction technique to increase statistical power
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ValueStatistics

1Min

271Median

3,021Mean

1,798,223Max

33,076Std Dev



samples per group

To detect 5% difference in mean, with ⍺ = 0.05 and 1-β = 0.8 …



Controlled experiment Using Pre-Experiment Data
(CUPED)



How CUPED 
Works

Core Idea

Experiment 
Start

Metric baseline before 
experiment

( covariate: x )

Metric measured 
during experiment

( metric: y )



How CUPED 
Works

Core Idea

Experiment metric ( y )

Remove variance caused by pre-
experiment metric baseline (x)

CUPED-adjusted experiment metric ( y* )



How CUPED 
Works

Maths

Experiment Metric Pre-Experiment Metric baseline

CUPED-adjusted Experiment Metric



How CUPED 
Works

Implementation

theta = cov(post_sim, pre)/var(pre)

post_sim_cuped = post_sim - theta*(pre – mean(pre))

t-test



CUPED adjusted Metric ( post_sim_cuped)Original Metric ( post_sim )Sample Size

mean : 3,096
sd : 1,508

mean : 3,096
sd : 14,185

1,000

mean : 3,208
sd : 2,057

mean : 3,208
sd : 34,406

2,000

mean : 2,919
sd : 1,650

mean : 2,919
sd : 12,367

3,000

mean : 3,080
sd : 2,038

mean : 3,080
sd : 33,517

4,000

mean : 3,901
sd : 1,567

mean : 3,901
sd : 50,207

5,000





Type 1 error rate under 5% Statistical Power of t-test on original metric 
barely increased 

Statistical Power of t-test on CUPED-adjusted metric 
increases along with sample size / effect size



Factors that affect CUPED



𝑉𝑎𝑟 𝑦∗ = 𝑉𝑎𝑟(𝑦) ȉ (1 − 𝜌௫,௬
ଶ )

The higher the better



Experiment 
Start

Coverage

𝐴

𝐴 + 𝐵

pre-experiment period experiment period

A

A Units enrolled with pre-experiment data

B

B Units enrolled without pre-experiment data



Choosing other covariate



As long as the treatment does NOT affect the covariate



ANCOVA



Well…kinda



CUPED ANCOVA

lm(post ~ pre + cohort)

t.test(post_cuped ~ cohort)

Difference = 126.834

theta = cov(post, pre)/var(pre)
post_cuped = post - theta*(pre – mean(pre))





CUPED is simple to implement and 
performant from a coding perspective

Different way of solving 
problem



Thank you!


