Experimental design:
confounding and randomization

Jeff Leek

@jtleek
www.jtleek.com



Key ideas
Confounding

Batch effects
Randomization



Central dogma of statistics






What is confounding?
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Most common confounder: batch
effects



Common genetic variants account for differences in
gene expression among ethnic groups

Richard S Spielman!, Laurel A Bastone?, Joshua T Burdick®, Michael Morley®, Warren ] Ewens? &
Vivian G Cheung!33
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Extremely common
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Fast track — Mechanisms of Disease

Use of proteomic patterns in serum to identify ovarian
cancer

How Bright Promise in Cancer Testing Fell Apart




http://www.nature.com/nrg/journal/v11/n10/full/nrg2825.html

Perspective
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Tackling the widespread and critical impact of
batch effects in high-throughput data

Jeffrey T. Leek , Robert B. Scharpf , Héctor Corrada Bravo , David
Simcha , Benjamin Langmead , W. Evan Johnson , Donald Geman ,
Keith Baggerly & Rafael A. Irizarry

High-throughput technologies are widely used, for example to
assay genetic variants, gene and protein expression, and
epigenetic modifications. One often overlooked complication with
such studies is batch effects, which occur because measurements
are affected by laboratory conditions, reagent lots and personnel
differences. This becomes a major problem when batch effects are
correlated with an outcome of interest and lead to incorrect
conclusions. Using both published studies and our own analyses,
we argue that batch effects (as well as other technical and
biological artefacts) are widespread and critical to address. We
review experimental and computational approaches for doing so.



Randomization



http://www.gs.washington.edu/academics/courses/akey/56008/lecture/lecturel.pdf
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Confounding variable

ttp://www.gs.washington.edu/academics/courses/a
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Stratification example



Slide courtesy: Karl Broman

Example:

» 20 males and 20 females.
» Half to be treated; the other half left untreated.

» Can only work with 4 individuals per day.

Question:

How to assign individuals to treatment groups and to days?



A bad design
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T = treated. C = control. pink = female. blue = male



Stratifying
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Week One Week Two
M Tu W Th M Tu W Th
C T 10 T T T T C
T C C C C C C T.
C C C T C C T T
T T T T T T C C
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More good study characteristics



http://www.gs.washington.edu/academics/courses/akey/56008/lecture/lecturel.pdf
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