
Ethics in science:
Experimental design and bias

Frédéric Schütz

Frederic.Schutz@unil.ch

Biostatistics platform, FBM

University of Lausanne

bÇvx âÑÉÇ t à|Åx‹



A class of students were asked
to count the number

of brown nuclei
in two images.

Image 1

This image was labelled as coming from a healthy patient. 
We expect to observe a   low   number of brown nuclei.



Image 2

This image was labelled as coming from a  cancer patient. 
We expect to observe a  large number of brown nuclei.

Goal:
Assess whether the students were
(unconsciouly) influenced by the 

stated expectations



Paired data 

75% of counts
were higher for
"cancer"
compared to
"healthy"

Mean difference: 10.5 units; p-value: 5x10-6

(paired Student's t-test; t = 4.9585, df = 68)

Effect of bias in an animal experiment: the example of stroke

Malcolm R. Macleod et al. Stroke (39), 2009. 2824–2829
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Effect of bias in an animal experiment: the example of stroke

Malcolm R. Macleod et al. Stroke (39), 2009. 2824–2829
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What about the data analysis step ?

"At least, this part should be unbiased…"

Well…



We coordinated 161 researchers in 73 research teams 
and observed their research decisions as they used the 
same data to independently test the same prominent 
social science hypothesis.



Blinding
Double-blinding
Triple-blinding

In practice, however…

Never underestimate

confirmation bias



In practice, however…

We all suffer from 

confirmation bias

There are an infinite number of 
ways to bias an experiment



Bias in research & non‐replicability :  « decline effect »

(Flawed)
experiments

New scientific 
paradigm

Selective reporting
Publication bias

Allegiance to the paradigm
Biased research, funding & peer‐reviewing 

Beliefs

Significance 
chasing

Bias

Small 
sample size 

Noise 
(randomness) 

Exaggerated 
effects

Slow « decline » of the theory: 
Delay in the paradigm shift 

The role of a scientist (and science) is 
not to prove an hypothesis.

It is to try to demolish it
as much as possible.

If the theory still holds afterwards, then 
we can label it as 

"currently plausible"
(until more data comes in…)



“A scientist is someone who loves

to be proven wrong. ”

“Don't fall in love with your hypothesis. ”

– Adriano Aguzzi

Scientific process, in theory…

Example
Can you find the rule ?



I have chosen a rule that some 
sequences of three numbers obey 

and some do not.

Your job is to find out what the rule 
is using example sequences.

I start by giving you a sequence which obeys the rule:

Obeys the rule

Now it’s your turn. Write a number sequence, and I’ll tell 
you whether it satisfies the rule or not. You can test (more 
or less) as many sequences as you want.

When you think you know the rule, describe it in words:

? ? ?

2 4 8

?



A typical session:

Obeys the rule

Obeys the rule

Obeys the rule

…

Each number is twice the previous one.

1 2 4

2 4 8

3 6 12

The original rule for the three numbers was that each of them must be 
larger than the one before.

This game was proposed by the New-York Times 
(http://www.nytimes.com/interactive/2015/07/03/upshot/a-quick-puzzle-
to-test-your-problem-solving.html) and is an example of "confirmation
bias".

On the NYT website, almost 80% of respondents answered with a rule 
without trying a "negative control" – a sequence that should not pass
their proposed rule. This is an example of confirmation bias, where a 
person just tries to confirm his/her hypothesis without considering
alternative explanations – something that should be avoided, especially
in science.



Be careful about the 
"Bias blind spot"

"cognitive bias of recognizing the impact of 
biases on the judgment of others, while 

failing to see the impact of biases on one's 
own judgment"

https://en.wikipedia.org/wiki/Bias_blind_spot

Experimental design is
a Ulysse's pact

https://en.wikipedia.org/wiki/Ulysses_pact



Ulysses and the Sirens, painting by John William Waterhouse

• https://twitter.com/doctorow/status/1361365103795335169

• Self-control isn't merely a matter of eliminating your own 
weaknesses. Self control is primarily about compensating 
for those weaknesses. 

• This manoeuvre has a name: a Ulysses Pact, named for 
the passage in the Odyssey in which Ulysses pilots his ship 
through the sirens' sea, eschewing wax-stoppered ears so 
that he could hear their song, protecting himself by lashing 
himself to the mast.

• A Ulysses Pact is an act of humility, an admission of frailt



Thank you !

Frederic.Schutz@unil.ch

Some additional slides,
based on the discussion



Nature Methods, 11 (6), June 2014. p. 629-632.

https://www.nature.com/news/sex-matters-in-experiments-on-party-drug-in-mice-1.23022



The paper describes a novel D-box-binding 
transcription factor, which is dubbed it DBP 
(for albumin site D-Binding Protein).

Cell, 61, 20 April 1990. p. 279-291.

What happens when someone 
else (in the same lab) tries to 

reproduce these results ?



What happens when someone else (in the same lab) tries to 
reproduce these results ?

• After the post-doc (Chris) left, a new PhD 
student (Jérôme) started and tried to 
reproduce the results, but couldn't

• The lab head (Ueli) considered retracting the 
original study, but decided to try the 
experiment once more.

• … and he managed to reproduce the results!

What happens when someone else (in the same lab) tries to 
reproduce these results ?

• They found out that Jérôme (the son of a 
farmer) was used to wake up early and start 
his experiments in the morning

• Chris was a night owl, and wouldn't conduct 
his experiments until the afternoon

• Ueli, as the lab head, was busy during the 
day, and could only get back to the bench in 
late afternoon



What happens when someone else (in the same lab) tries to 
reproduce these results ?

• We now know many proteins which follows 
such a circadian pattern, but DBP is still the 
one that shows the strongest difference 
(300x) between the minimum and maximum 
level.

Cell, 63 (6), 21 December 1990, p 1257-1266. 



Expression according to time of day: 300x higher

Cell, 63 (6), 21 December 1990, p 1257-1266. 

“ We got lucky not by carefully planning 
experiments, but by pure chance,
as Jérôme was a morning lark and 
Chris a night owl. ”

U. Schibler, “Getting Surprising Answers to Unasked Questions”. Cell, 169 (7),  2017, p 1162-1167.
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People and institutions cannot keep 
their own score accurately. Metrics 
soon become targets, and are thus 
gamed, undermined, corrupted, 
enhanced, misreported, fudged.

Edward Tufte


