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False discoveries

Chapter 8
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Scientific and societal concern
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Lack of reproducibility

Systematic attemps to replicate widely cited priming experiments
have failed

Amgen could only replicate 6 of 53 studies they considered landmarks
in basic cancer science

HealthCare could only replicate about 25% of 67 seminal studies

etc
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What has gone wrong?

Main Flaws

Statistical issues

Publication Bias

Lack of check

Publish or Perish

Narcissism
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Back to the basics

Status of science

An hypothesis or theory can only be
empirically tested.

Predictions are deduced from the theory
and compared with the outcomes of
experiments.

An hypothesis can be falsified or
corroborated. Karl Popper (1902-1994)
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An historical example (1935)

The lady testing tea

A lady claims that by tasting a cup of tea
made with milk she can discriminate
whether the milk or the tea infusion was
first added to the cup.

Experiment

8 cups are brought to the lady and she has
to determine whether the milk or the tea
was added first.

Test

Modeling: the success X1, . . . ,X8 are i.i.d.
with B(θ) distribution.

Test: H0 : θ = 1/2 versus H1 : θ > 1/2

R.A. Fisher (1890-1962)
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Hypothesis testing

Testing statistics

We reject the hypothesis H0 : ”the lady cannot discriminate” if the
number of success

Ŝ = X1 + . . .+ X8

is larger than some threshold sth.

Distribution of the test statistics

Under H0 the distribution of Ŝ is Bin(8, 1/2).

Choice of the threshold

We choose the threshold sth such that the probability to reject wrongly H0

is smaller than α (e.g. 5%)

P (Bin(8, 1/2) ≥ sth) ≤ α.
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p-values

p-value

The p-value of the observation Ŝ(ωobs), is the probability, when H0 is

true, to observe Ŝ larger than Ŝ(ωobs)

p̂(ωobs) = T1/2

(
Ŝ(ωobs)

)
, where T1/2(s) = P (Bin(8, 1/2) ≥ s) .

Remark

Since
Ŝ(ωobs) ≥ sth ⇐⇒ p̂(ωobs) ≤ α

we reject H0 if the p-value is smaller than α.

Foundations of science

Science is largely based on p-values. An hypothesis/theory is falsified or
corroborated depending on the size of the p-value of the outcome of some
experiment(s)/observation(s).
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Where does-it go wrong?

Publications issues

Publication bias

Publishing pressure

Lack of check: replication is not ”recognized” and exponential growth
of the number of scientific publications

Statistical issues

Collect data first −→ ask (many) questions later

Issue of multiple testing (one aspect of the curse of dimensionality)
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Multiple testing
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Differential analysis

Question

Does the expression level of a gene vary between conditions A and B ?

Experimental data

Conditions Observed levels

A XA1, . . . ,XAr

B XB1, . . . ,XBr

Goal

To differentiate between two hypotheses
H0 :“the means of the XAi and XBi are the same”
H1 : “the means of the XAi and XBi are differents”
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Example of test

Yi = XAi − XBi pour i = 1, . . . , r .

Reject H0 if

Ŝ :=
|Y |√

var(Y )/r
≥ s = threshold to be chosen

Choice of the threshold in order to avoid to wrongly reject H0

PH0(Ŝ ≥ sα) ≤ α

Test : T = 1
Ŝ≥sα
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Statistical model

XAi
i .i .d .∼ N (µA, σ

2
A) and XBi

i .i .d .∼ N (µB , σ
2
B)

We then have H0 = “µA = µB”.

Distribution under H0

Y√
σ̂2/r

H0∼ T (r − 1) (student with r − 1 degrees of freedom)

Choice of the threshold sα
We choose sα fulfilling P(|T (r − 1)| ≥ sα) = α
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Example : differential analysis of a single gene

Data

i XA XB Y

1 4.01 4.09 -0.08
2 0.84 0.97 -0.12
3 4.45 3.92 -0.53
4 4.73 6.01 1.28
5 6.16 6.01 0.15
6 4.23 6.48 -2.26
7 4.70 5.85 -1.15
8 10.65 11.02 -0.37
9 2.02 4.18 -2.16

10 3.96 5.19 -1.23

mean 4.58 5.37 -0.80
std 2.60 2.55 0.96

Test

r 10

Y -0.80√
σ̂2 0.96

Ŝ 2.62
p-value 0.03

p-value

Ŝ ≥ sα ⇐⇒ p̂ ≤ α

If p-value ≤ α : Ŝ ≥ sα
H0 is rejected

If p-value > α : Ŝ < sα
H0 is not rejected
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Genomic data
We want to compare the gene expression levels for healthy/ill people.

Whole Human Genome Microarray covering over 41,000 human genes and
transcripts on a standard 1” x 3” glass slide format

High-dimensional data

we measure 41,000 gene expression levels simultaneously!
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Blessing?

Promising medical perspectives

Object
Personalized treatments against cancer by combining clinical data with
genomic data

Goals
Adapt the treatment to

the type of cancer (depending on genomic perturbations)

the survival probability

the personalized response to drugs

etc
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Multiple comparisons : differential analysis of p genes

A single chip allows to compare the expression levels of thousand of genes.

Ouput: an ordered list of
p-values

gene number p-value

2014 < 10−16

1078 6.66 10−16

123 2.66 10−15

548 1.02 10−11

3645 3.09 10−10

...
...

Which genes have (statistically)
different expression levels?

Those with a p-value≤ 5% ?

How many false discoveries?
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An illustrative example

Assume that:

200 genes are differentially expressed

you keep the p-values≤ 5%

How many False Discoveries?

E[False Discoveries] =
5

100
∗ (41000− 200) = 2040

10 false discoveries for 1 discovery!

/
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Blessing?

, we can sense thousands of variables on each ”individual” : potentially
we will be able to scan every variables that may influence the phenomenon
under study.

/ the curse of dimensionality : separating the signal from the noise is
challenging in large multiple testing.
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