
Beyond all-or-nothing Statistics
Reduce Research Waste and improve 3Rs (include less animals)

p < 𝜶, current practice

• Representative experiment in publication?

→ Publication Bias

• Pool in a meta-analysis?

→ NO: Accumulation Bias

• 3Rs?

→ at least 30 animals

Judith ter Schure, Peter Grünwald

Take a picture to download 

(1) the R package for Safe Testing

(2) the paper on Accumulation Bias

Current practice
“Two-out-of-three” rule (p-values)
Frommlet, F. & Heinze, G. (2020) Experimental Replications in Animal Trials. Laboratory Animals. (in print)

Proposed practice
Sequential Safe Testing

Estimated effect: 1

Standard deviation: 0,5 
𝜹 = 2

𝜶: 5%

power: 80% 
n = ?

…

Accumulation Bias

(see poster P-054)

Seems 

stable

now.

Let’s 

publish!

$    If 𝜶 is spent, you actually $ 

$    cannot continue playing! $

$ p < 𝜶 is all-or-nothing! $

$$ > 
𝟏

𝜶
, SAFE TESTS, proposed practice

• Strong on heterogeneous experiments:

Compare casino 𝜹 = 0 hypothesis; as heterogeneous as:

• Pool in a meta-analysis?

→ Yes! Safe Meta-Analysis

• 3Rs?

→ on average 15 animals

$ p < 𝜶 : 𝒘𝒊𝒏 $

$ p > 𝜶 : lose $

$ Science really is $

$ a gamble $

Please refer to my 

power calculation: 

two groups, 5 animals each

I also need replications.

->  30 animals

This is my bet 

against the null hypothesis:

Data likely under:

𝜹 = 2 win  $$

𝜹 = 0 lose $$
but never go broke:

reinvest

two groups, 8 animals each

but possibly less!

-> 16 animals

$ pre-study odds $

$ 𝜶 : power $

Bet against the null hypothesis

$16 < 20
Promising but not there yet.

Let’s replicate this!

but next time 

measure differently
meaning: REINVEST to get $20

Starting from $16

$35 > 20

We’re allowed to 

stop now!

Continue: 

notice that our 

initial bet 

(designObject) 

isn’t good for 

these 

measurements

losing us 

money

But we’ll get 

back on track 

with more 

data like our 

first 

measurements
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Cash out at any time

p-value > 0,05

Effect estimate 

does not seem 

stable.

Let’s do a couple 

more replications.

2

p-value < 0,05

Let’s replicate this!

but next time 

measure differently

1

$ We are    $

$ cheating $


