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Niemand darf ungerechtfertigt einem Tier Schmerzen, Leiden oder
Schdden zuftigen, es in Angst versetzen oder in anderer Weise seine
Wiirde missachten. Das Misshandeln, Vernachléssigen oder unnétige

Uberanstrengen von Tieren ist verboten. (TSchG Art.4, Z.2)

No one shall unjustifiably cause pain, suffering, or
harm to an animal, place it in fear, or otherwise
disregard its dignity. Abusing, neglecting or
unnecessarily overexerting animals is prohibited.




Tierschutzgesetz 455

(TSchG)

vom 16. Dezember 2005 (Stand am 1. Januar 2022)

Bundesverfassung 101

der Schweizerischen Eidgenossenschaft

vom 18. April 1999 (Stand am 13. Februar 2022)

Die Bundesversammlung der Schweizerischen Eidgenossenschaft,

gestitzt auf die Artikel 80 Absidtze 1 und 2 sowie 120 Absatz 2
der Bundesverfassung!,
nach Einsicht in die Botschaft des Bundesrates vom 9. Dezember 20022,

beschliesst:

1. Kapitel: Allgemeines

Art. 1 Zweck

Zweck dieses Gesetzes ist es, die Wiirde und das Wohlergehen des Tieres zu schiit-
zen.

Art. 2 Geltungsbereich

I'Das Gesetz gilt fiir Wirbeltiere. Der Bundesrat bestimmt, auf welche wirbellosen
Tiere es in welchem Umfang anwendbar ist. Er orientiert sich dabei an den wissen-
schaftlichen Erkenntnissen iiber die Empfindungsfihigkeit wirbelloser Tiere.

2 Vorbehalten bleiben das Jagdgesetz vom 20. Juni 19863, das Bundesgesetz vom
1. Juli 19664 iiber den Natur- und Heimatschutz, das Bundesgesetz vom 21. Juni
19915 iiber die Fischerei, das Berufsbildungsgesetz vom 13. Dezember 20026 sowie
das Tierseuchengesetz vom 1. Juli 19667.

Art. 3 Begrifte
In diesem Gesetz bedeuten:

a. Wiirde: Eigenwert des Tieres, der im Umgang mit ihm geachtet werden
muss. Die Wiirde des Tieres wird missachtet, wenn eine Belastung des Tie-
res nicht durch iiberwiegende Interessen gerechtfertigt werden kann. Eine
Belastung liegt vor, wenn dem Tier insbesondere Schmerzen, Leiden oder
Schiden zugefiigt werden, es in Angst versetzt oder erniedrigt wird, wenn

Art. 18 Sprachenfreiheit
Die Sprachenfreiheit ist gew#hrleistet.

Art. 19 Anspruch auf Grundschulunterricht

Der Anspruch auf ausreichenden und unentgeltlichen Grundschulunterricht ist
gewihrleistet.

Art. 20 Wissenschaftsfreiheit
Die Freiheit der wissenschaftlichen Lehre und Forschung ist gewahrleistet.

Art. 21 Kunstfreiheit
Die Freiheit der Kunst ist gewihrleistet.

Art. 22 Versammlungsfreiheit
I Die Versammlungsfreiheit ist gewéahrleistet.

2 Jede Person hat das Recht, Versammlungen zu organisieren, an Versammlungen
teilzunehmen oder Versammlungen fernzubleiben.

Art. 23 Vereinigungsfreiheit
I Die Vereinigungsfreiheit ist gew#hrleistet.

2 Jede Person hat das Recht, Vereinigungen zu bilden, Vereinigungen beizutreten
oder anzugehoren und sich an den Tétigkeiten von Vereinigungen zu beteiligen.

3 Niemand darf gezwungen werden, einer Vereinigung beizutreten oder anzu-
gehoren.
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- Animal experimentation

I Animal experimentation

In Switzerland, animal experiments may only be performed if no
3R : Replace, Reduce, Refine alternative methods are available. Equally strict rules apply to laboratory
animal husbandry as to the training and continuing education of the

Severity and harm-benefit analysis researchers working with animals.

Application and authorisation

3R : Replace, Reduce, Refine
Reports and announcements
Animal experiments must only be allowed if no alternative methods are available for

Education and training answering scientific questions. The number of laboratory animals and the strain that
they suffer must be kept to a minimum.

Researchers
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Replication of key studies in biomedical research

IS THERE A REPRODUCIBILITY CRISIS?

N=53

7% 52%
Don't know Yes, a significant crisis
3% | |
No, there is no 2
crisis —

1,576

researchers
surveyed

Q Bayer AMGEN

38%
Prinz et al. 2011, Nature Reviews Drug Discover Begley & Ellis 2012, Nature Yes, a 5|igaf‘;

crisis
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Is our way of hypothesis testing flawed ?

Open access, freely available online
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Neyman-Pearson formulation of
hypothesis testing [..] has been

factors that influence this problem and
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Meodeling the Framework for False
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Jonathan A C Sterne, George Davey Smith

BLUCTKING FACTURS AND HYPUTHESIS TESTS TN ECOLUGY: IS
YOUR STATISTICS TEXT WRONG?
Jonathan A. Newman, Joy Bergelson, Alan Grafen
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Citations: 163




1000 Hypotheses tested: assuming all hypotheses are false (i.e. no effects)
.. setting alpha = 0.05 means: only 5% will be false positives

"Significant"

False Positives

"Not significant”

True Negatives




alpha-error:

.. if all hypothesis are wrong, how often will a test will give a positive result ?

P(test positive) | hypothesis false




1000 Hypotheses tested: assuming 20 % of hypotheses are true

alpha = 0.05, power =0.8

Hypothe
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"Significant”
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False Negatives



Power: =1 —betaerror

...assuming all hypotheses are true, how often will we get a positive test result?

.. if all hypotheses are true, what is the
probability that the test will give a positive result ?

P(test positive) | hypothesis true




1000 Hypotheses tested: assuming 20 % of hypotheses are true

alpha = 0.05, power =0.8

False Discovery Rate

False Positives

FDR =

False Positives + True Positives

FDR = 40/ (40 + 160) = 0.2

Positive Predictive Value

True Positives

PPV =

False Positives + True Positives

PPV = 1— FDR = 160 ( /40 + 160) = 0.8

Hypothesis false :

Hypothesis true




1000 Hypotheses tested: assuming 20 % of hypotheses are true

alpha = 0.05, power =0.4

False Discovery Rate

False Positives

FDR =

False Positives + True Positives

FDR =40/ (40 + 80) = 0.33

Positive Predictive Value

True Positives

PPV =

False Positives + True Positives

PPV = 1 — FDR = 80 ( /40 + 80) = 0.66

Hypothesis false : Hypothesis true




1000 Hypotheses tested: assuming 50 % of null hypotheses are true
alpha = 0.05, power =0.8

Hypothesis false jHypothesis true

FDR = 25 / (25 + 400) = 0.06

PPV = 400 / (25 + 400) = 0.94




1000 Hypotheses tested: assuming 2 % of hypotheses are true
alpha =0.05, power =0.8

Hypothesis false

FDR=49 /(49 + 16) = 0.75

PPV = 16/ (49 + 16) = 0.25
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Power
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Confirmatory Exploratory

Power | |
0.80 PPV = 0.98 PPV =0.89 PPV = 0.8 PPV =0.46
75 % 50 % 20 % > %

boring, not really new exciting, sexy

almost trivial big news
we thought that already surprising discovery
for Nature

as expected




Confirmatory Exploratory

Power

PPV = 0.8 PPV =0.46

0.80 PPV = 0.98 PPV =0.89
20 % > %
I Published studies
Hypothesis [/hat poB1sis/]: a statement that provides an explanation Theoretical predictions
for why or how something works, based on facts or some reasonable <—— 1 |ndirect / complementary evidence
assumptions, but that has not yet been specifically confirmed. Anecdotal observations
 Exploratory studies




Power
0.80

Confirmatory Exploratory

PPV = 0.98 PPV =0.89 PPV =0.8 PPV =0.46
75 % 50 % 20 % 5%

Take-home message: Use hypothesis testing only for confirmatory research

Declare whether your research is confirmatory or exploratory
(Make a statement about the risk you are taking)

Don't calculate p-values when your research is exploratory

Refuse to make a power-analysis when your research is exploratory



.. but: How Many Mice Make Robust Outcomes?

Esxaxﬁ
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power o

Power ‘ ‘
0.80 PPV = 0.98 PPV =0.89 PPV = 0.8 PPV =0.46
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How to estimate the required sample size ?

If we have evidence from previous experiments how large the expected
effect size (ES) and the expected variance (s.d.) will be, we can calculate the
required sample size for a given power level.

Esxaxﬁ

(o}

power «



doi:10.1093/brain/awm083 Brain (2007), 130, 3063-3074

REVIEW ARTICLE

Hypothermia in animal models of acute ischaemic
stroke: a systematic review and meta-analysis

H. Bart van der Worp,I Emily S. Sena,? Geoffrey A. Donnan,? David W. Howells® and Malcolm R. Macleod?
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Reliability of common mouse behavioural tests of anxiety: A systematic e

review and meta-analysis on the effects of anxiolytics
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Charlene Tatiana Pereira da Cunha, Ivana Jaric, Hanno Wiirbel, Bernhard Voelkl

SMD (Hedges' g)

Time in open arms
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How to estimate the required sample size ?

Sample size samba

‘Standard’ effect sizes

based on a pilot study

based on randomly chosen study
based on meta-analysis

Rule of 10

Mead'’s resource equation

Clinical (biological) relevant effect size



How to estimate the required sample size ?

Sample size samba
(U. Dirnagl)

“come up with a number of animals (N) you want to use”

“calculate the ES neded to get power=0.8 given N”

“search for a study where they reported such an ES”

“use this study to make a power analysis” |

(not recommended)




How to estimate the required sample size ?

‘Standard’ effect sizes

“take a ES value, where someone claimed that this value is a typical value
for small/medium/large effects (in Psychology or Sociology)”
“claim that you expect small/medium/large effects”

“don’t worry whether these ES values are sensible for your field”

(not recommended)



How to estimate the required sample size ?

Effect size estimates based on a pilot study

Esxax\/n Sample |
power «c —mm experinent:
o N(std= 1.0), n=4

observed std:
0.97
0.83

: : 1.90
Getting good estimates for the 0.49

variance requires large samples 0.74



How to estimate the required sample size ?

Power based on a single randomly chosen study

SMD (Hedges' g)
=Y

T

Time in open arms

© 5]
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clorazepate . escitalopram . hydroxyzine . maprotiline . paroxetine
diazepam . fluoxetine . imipramine i i sertralin
duloxetine . fluvoxamine . lorazepam . nortriptyline . trazodone
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0

How to estimate the required sample size ?

Power based on a single randomly chosen study

Histogram of sample_size Histogram of achieved_power
_ - ﬁ\ overpowered
(&) a
— i
g —
g 8
- i =
| i S -
| | | | | |
0 100 200 300 400 500 , : 4 10
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properly powered
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40 % 16 %



Frequency

Power based on a meta analysis
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How to estimate the required sample size ?

Histogram of achieved_power
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Reliability of common mouse behavioural tests of anxiety: A systematic \”Lﬁ”‘
review and meta-analysis on the effects of anxiolytics

Marianna Rosso , Robin Wirz, Ariane Vera Loretan, Nicole Alessandra Sutter,
Charlene Tatiana Pereira da Cunha, Ivana Jaric, Hanno Wiirbel, Bernhard Voelkl

Median sample size per group N=60
Median power achieved: 0.999
Overpowered (< 0.95): 70%



How to estimate the required sample size ?

‘Rule of 10’

N=10 animals per group (factor combination)
(deemed unscientific)

Mead'’s resource equation

based on degrees of freedom (df)

E=N-B-T

where:
N is the total number of individuals or units in the study (minus 1)
B is the blocking component, representing environmental effects allowed for in the design (minus 1)
T is the treatment component, corresponding to the number of treatment groups (including control
group) being used, or the number of questions being asked (minus 1)
E is the degrees of freedom of the error component and should be somewhere between 10 and 20.



How to estimate the required sample size ?

Clinical (biological) relevant effect size

explain which effect size would be relevant ..
to justify further reseach
to be able to work with it
to be successful in clinical applications

(recommended by statisticians, difficult, subjective)

: ans \
his 0= %
suallY. " s N0



How many mice ?

NATURE NEUROSCIENCE

d
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I T
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Bonapersona et al. (2021). Nat Neurosci, 24: 470-477.



Will my results be reproducible?

SMD (Hedges' g)

-

=
i

Large between-study vaiation will mean that independent
replication studies will frequently deliver different results.



Can | improve reproduciblity with ..?

improving precision and standardization
No. If between-study variability is a major source of variation, then standardization will not improve
reproducibility. To the contrary: it can even lead to poorer reproducibility (the standardization fallacy).

increasing sample size
No. If between-study variability is a major source of variation, then increasing the sample size will
usually not improve reproducibility (and sometimes even slightly reduce reproducibility).

diversifying the study population

Yes. Diversifying the study population by including both sexes, different strains, outbred animals,
different age groups, heterogenized environments etc can help to increase external validity.
(Though evidence for success is mixed.)

independently replicating experiments
Yes. Independent replication in a different laboratory has shown to be an efficient means to improve
external validity and reproducibility of study outcomes.



The standardization fallacy

In the presence of between-lab variation, standardization
within a lab reduces reproducibility and external validity.

Study 2
l Standardization within a lab

reduces within-lab variation.

//_#_ _ # - - //_{_ +_ _l_ The S.E. becomes smaller.

\ The likelihood that another
=== Y i 1T study falls outside the 95% C.l.

B I increases.
Study 1 et
y Reproducibility decreases.




Can | improve reproduciblity with ..?

improving precision and standardization
No. If between-study variability is a major source of variation, then standardization will not improve
reproducibility. To the contrary: it can even lead to poorer reproducibility (the standardization fallacy).

increasing sample size
No. If between-study variability is a major source of variation, then increasing the sample size will
usually not improve reproducibility (and sometimes even slightly reduce reproducibility).

diversifying the study population

Sometimes Yes. Diversifying the study population by including both sexes, different strains, outbred
animals, different age groups, heterogenized environments etc can help to increase external validity.
(Though evidence for success is mixed.)

independently replicating experiments
Yes. Independent replication in a different laboratory has shown to be an efficient means to improve
external validity and reproducibility of study outcomes.



Not all those who wander are lost ..

Periodic Table of the Elements

18
4.0026
2723 2
standard atomic weight —— 4 i
s o vogn —1 55,845 D} 4— storic rumber
1st ionization energy — 762.5  1.83 ————— electronegativit Helium
it * gty 13 14 15 16 17 |8
10.81 12.011 14.007 15.999 18.998 20.180
it sl L F e B8 L8[ 6l 7]Eme 8w oz 10
+2 kg 4 4
| + 3 E
-14— oxidation states E 3
name — IFON Boron Carbon 3| Nitrogen | Oxygen Fluorine Neon
y 2| mostcommon ae bod e e wasts | wo W wan
electron configuration R8P 26.982 28.085 30.974 32.06 35.45 39.948
4gs racioacive clomenis have e e .o 15 |2 216|528 17 | Tes 18
*  masses in parenthesis “ . 3 b1 b1 3
Al Isi P s Cl iAr
3 4 @ 3
Aluminium Silicon Z| Phosphorus 3| Sulfur 1| Chlorine 1| Argon
3 4 5 6 7 8 9 10 1 12 el 39°3p° el 35°35° el 36739 NeJ 3573 Nl 35 3° el 535
40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.38 69.723 72.630 74.922 78.971 79.904 83.798
woe 20| [see, 21 s almse 23[sime alseswn 25[wesws 26 27w pgluse 29[sese 30|eers 31 (72m 3p[res:2 33|7eer 34 rsor 35[%97 36
2 . 3 b ] q b 4 . 4 8 3 4 3 b b4
! ITi V. lcr {Mn iFe iCo iNi ‘|Cu fzn |Ga Ge iAs ise iBr iK
i : Mn iFe {Co iNi ‘Cu “Zn |Ga |Ge 4As Se *Br :(Kr
Calcium Scandium Titanium Vanadium Chromium | Manganese ‘i Iron 51| Cobalt | Nickel Copper Zinc Gallium Germanium | Arsenic Selenium Bromine Krypton
(A ds* ] 30 45 [Ar) 3 st 1] 36 4 1Ar) 30 ds* 1A 36 4t 5 a3 st A 30 dst 1] 30° 4 1Ar 3 st (] 307 dst [Ar) 30 st (8] 30 ds? ap? [Ar) 3 st > (4] 30 4 ap ] 30 s ap 4] 3 5 ap
87.62 88.906 91.224 92.906 95.95 98 101.07 102.91 106.42 107.87 12.41 114.82 118.71 121.76 127.60 126.90 131.29
Ses 05 38 aon oz 39|05 40 | Z00 5 A1 185000 42| G0 10 A3 | 10 e 7T 45 [0V A6 | 1T AT |15 0 48| i 491 1057 90 2257506 BT | 252000 92150 53 | 1% B4
s 1Zr INb iMo #Tc “Ru {Rh {Pd Ag ‘|Cd |In “Sn Sb ‘|Te §l ¢ ;
Strontium Yttrium Zirconium Niobium e q | Rhodium | Palladium Silver Cadmium Indium Tin Antimony Tellurium lodine ¥
K 55* K1 40 55° K1) 4557 K 4ot 55° 1K 455 K1 405 5| kg a0 s | 4o 5t K1 40 K1 40 5s° K] 40557 K1 40 552 5p° (K] 40 552597 1K1 40 552 57 K1) 40 552 5p (K] 49" 55 5p° K] 40 552 5p° ;
137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 (210, 210; (220) \
w7, 56 |, 71[uee Talmess 73lime 7aluea 75|10z 76|z, 77130 7g[1me 79|a0ss golmess 812z, g2|me% 83lem, 84[E0 85/ 86
6 B * L Hf “Ta 4W f{Re {Os ilr Pt *Au fHg Tl |Pb °Bi "Po ‘At IR
a u a iNe 310s 4lr - # TAU | o n
i Lutetium Hafnium Tantalum Tungsten | Rhenium 1| Osmium 22| Iridium 21| Platinum Gold Merci Thallium Lead Bismuth Polonium Astatine Radon
[Xe] 4+ 5 6 Xe] ' 5 st [Xe] 4 50° 6 Xe] ' 5t 6t [Xeldf5e6st S| (xel < sat6st 2 [xel a5 6st [Xe] 45t 65! Xe] 4 5 6s* Xel xel o' | xel ) o[ xel | ixel o | xel o
88 @2 103|esn 104[@2 105[@e 106[e 107[@n 108[@® 109]en 110[e2 111 [@9 112[e 113[es) 114[w@e 115|e@ 116 [e 117 [w@e 118
050
ol % “ " H - “ @
7 Sg |Bh |[Hs Mt |Ds |Rg |Cn |Nh (FI ~Mc |L Ts |O
* 99 S S qg n C Vv S g
Lawrencium  |Rutherfordium | Dubnium Seal ium Bohrium Hassium itneril D: i i C icil Nihonium Flerovium Li i O
[Rn) 57 7 7 R 57 60 75* [Rn) 57 602 757 (R 57 6 75* {Rn) 5 66" 757 [Ro) 57 6 75 {Rn) 57 607 75 R 57 6 75* Ra) 51 6 75* [Rn) 57+ 60 75* Rn) 5760 75 791 | R 5760 71757 | (R 576 757 792 | R 5160 751 7p¢ | (Rn) 5760 7s# 797 | (R 51 6 757 700
Electron blocks
138.91 140.12 140.91 144.24 145) 150.36 151.96 157.25 158.93 162.50 164.93 167.25 168.93 173.05
imor 57102 58]0 59[1mat 601 611 62[eies 63]11s 64[1ess 65| rezso 66 [1etes 672z, 68]10% 69[ 11205 70
2 b 4 3 # 3 # 4 # b 2
* ILa 1Ce ‘Pr ‘INd 'Pm |Sm |Eu |Gd ‘|Tb ‘Dy ‘Ho |Er |Tm |Yb
" d p Lanthanum Cerium i i i Europium Gadolinium Terbium Dysp¥sium Holmium Erbium Thulium Ytterbium MARCO FONTANI
: [Xe] 54 65" Xe) 47 5" 65° [Xe] 47 657 Xe) 4 65° Xe] 4F 65° [Xe] 4F*65° Xe) 4r 6s° [Xe] 47 5d 657 Xe] 4P 65° [Xe] 4" 65* Xe] 47" 65 [Xe] 41" 65° Xe] 41 65 [Xe] 41" 65°
. 227, 232.04 231.04 238.03 (237) 244) (243) 247, (247, 251 (252, 257) (258, (259)
@ 89[z2_90[=101 91 [ze0s 9p|@ 93[@m 04|@m 95len 96|@m  97|@n  98lem 99l 100]@, 10129 102
Notes * A Th 4 P E U i N kL P 3 g 4 N ki 4 & b B MARIAGRAZIA COSTA
+ 1 kiimol = 0.0103636 eV * C a p | u = |
« all elements are implied to have an oxidationstate of zero. Actinium Thorium Protactinium Uranium Nepttinium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium Mendelevium | Nobelium
[Ruj6d 75t Rl 66 75 [Rrl 57 60" 75° Ra) 5 69 75° [R5t 69" 75 [R5 7t R0 75t Rl 57 69" 75 (Ra) 5 75 Rosre7st Ra) 51" 65" [R5 75t [Ral 5 75* [R5 75t

——— MARY VIRGINIA ORNA

. alkali metals l:‘ alkaline earth metals l:‘ lanthanides l:‘ transition metals l:‘ unknown properties l:‘ post-transition metals l:‘ metalloids l:‘ reactive nonmetals l:‘ noble gases

l:‘ actinides
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