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Searching for Truth = Experiment

Publish and/or Generate and
conduct next experiment specify hypothesis

Interpret results Design study

Analyse data and Conduct study and
test hypothesis collect data

Munafo et al., Nature Human Behaviour, 2017, 1:0021
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Searching for Truth = Experiment

Publish and/or Generate and
conduct next experiment . specify hypothesis

Publication bias Failure to control for bias

are

Interpret results Hypothising Design study
P-hacking After the Low statistical power
Results are
Known

Analyse data and Conduct study and
test hypothesis collect data

P-hacking Poor quality control

Munafo et al., Nature Human Behaviour, 2017, 1:0021



— Retraction Watch:
vt E Tracking retractions as a
window into the scientific

process
https://retractionwatch.com/
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Reproducibility issues

Believe it or not: how much can we
rely on published data on potential
drug targets?

Prinz F, Schlange T, Asadullah K (2011). Nat
Rev Drug Discov 10(9

Raise standards for
prechmcal cancer resear Ch

Begley CG, Ellis LM (2012). Drug development: Nature
483(7391): 531-533.
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irreproducibility

ver the past year, Nature has published a string of artic]

highlight failures in the reliability and reproducibility o
lished research (collected and freely available at go.natur
huhbyr). The problems arise in laboratories, but journal

this one compound them when they fail to exert sufficient scrutiny
over the results that they publish, and when they do not publish

enough information for other researchers to assess results properly.
From next month, Nature and the Nature research journals will
introduce editorial measures to address the problem by i improving

the consistency and quality of reporting in life-scien
To ease the interpretation and improve the reliability of published
tematical ensure that l\e' methodologl—

sections. V\ e will examine statistics more clos h and enc oumge
authors to be transpz ample by including their raw data.
checklist intended to prompt authors
close technical and statistical information in their submis-
sions, and to encourage referees to consider aspects important for
research reproducibility (go.nature.com/oloeip). It was developed
after discussions ‘ith re archem on the prc lem< that lead to
irreproducibility, i ar by US
National Institutes of Health (NIH\ 1115t1t11te~ It also draws on pub—
lished concerns about reporting standards (or the lack of them) and
the collective experience of editors at Nature journals.
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Animal experiments under
fire for poor design

In the contentious world of animal research,
one question surfaces time and again: how
useful are animal experiments as a way to
prepare for trials of medical treatments in
humans? The issue is crucial, as public opinion
is behind animal research only if it helps develop
better drugs. Consequently, scientists defend-
ing animal experiments insist they are essential
for safe clinical trials, whereas animal-rights
activists vehemently maintain that they
are useless.

Now a British team has made the first attempt
to answer the question in a scientific way, and
the result suggests that animal researchers need
to raise their game. The team claims that ani-
mal experiments are often poorly designed,
and so fail to lay the ground properly for sub-
sequent human studies.

The study looked at six treatments that have
been evaluated in detail in human trials. The
researchers assessed whether animal studies
had accurately predicted the outcome of the
human work, a task that involved reviewing
more than 200 papers. In three of the six cases,
the answer was no (P. Perel et al. Br. Med. ]
doi:10.1136/bmj.39048.407928.BE; 2006).

Are animals being wasted in badly thought through experiments?

VOL 496 25 APRIL 2013
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It IS enormously expensive

The cost of of low reproducibility in preclinical
research (i.e. not just animal research) in the
US alone, is estimated at....



It IS enormously expensive

The cost of of low reproducibility in preclinical
research (i.e. not just animal research) in the
US alone, is estimated at....

$ 28 000 000 000 !

The Economics of Reproducibility in Preclinical Research

Leonard P. Freedman [E]. lain M. Cockburn, Timothy S. Simcoe

Published: June 9, 2015 « DOI: 10.1371/journal.pbic.1002165

(Freedman, Cockburn & Simcoe PLOS Biology | DOI:10.1371/, 2015)
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REDUCE VARIATION !

* Increase power of experiment
removing variation through:

Variation (Noise)  _ good experimental design
_ (e.g. blocking)
Confidence SD - Good statistical analysis
SEM = -ccmommemee - Increase effect size (welfare)
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The Lab Rat: A Natural history (Google Ratlife Berdoy)
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Some solutions:

ARRIVE Guidelines: Animal Research: Reporting of In Vivo Experiments.
A checklist of information to include in publications describing animal research.

Education, Training and Standards in Animal Use.

Examples of mechanisms in Europe and the UK:

« Training before given being able to conduct animal experiments
« Training is Accredited (UK, FELASA)

e Supervision after training

« Mechanism of competence insurance within institution

« Training of Animal Technicians

« Animal Care standards



Some solutions:

ARRIVE Guidelines: Animal Research: Reporting of In Vivo Experiments.
A checklist of information to include in publications describing animal research.

Y*{RIVE About ARRIVE guidelines  Supporters Resources Translations Publications News
mi1A

1. Study Design

The ARRIVE guidelines 2.0

This section of the website provides detailed explanations about each item of the guidelines. Use

2. Sample size >

3. Inclusion and exclusion

criteria > the left-hand side menu to navigate to each item. The guidelines in their entirety can also be
downloaded as a PDF, in English or a variety of translations.
4. Randomisation >
To facilitate a step-wise approach to improving reporting, the guidelines are organised into two
5. Blinding/Masking > prioritised sets:
6. Outcome measures > ARRIVE Essential 10
7. Statistical methods > These ten items are the basic minimum that must be included in any
manuscript describing animal research. Without this information readers and
8. Experimental animals > reviewers cannot assess the reliability of the findings.

9. Experimental procedures >
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http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/inspections/en.pdf
http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/inspections/en.pdf
http://ec.europa.eu/environment/chemicals/lab_animals/pdf/guidance/inspections/en.pdf

EU Framework: Modular Structure

Species
Module Title EU No Specific

National legislation 1 (also called module L in the UK)

Ethics, animal welfare and the Three Rs (level 1) 2 (also called module E1 in the UK)

Basic and appropriate biology (theory) 3.1 =
Basic and appropriate biology (practical) 3.2 *
Animal care, health and management (theory) 4 *
Recognition of pain, suffering and distress 5 *
Humane methods of killing (theory) 6.1 (also called module K in the UK) .
Humane methods of killing (skills) 6.2 (also called module K in the UK) *
Minimally invasive procedures without anaesthesia (theory) 7 *
Minimally invasive procedures without anaesthesia (skills) 8 *
Anaesthesia for minor procedures 20

Advanced anaesthesia e.g. for surgical or prolonged procedures 21

Principles of surgery 22

Ethics, animal welfare and the Three Rs (level 2) 9 (also called module E2 in the UK)

Design of procedures and projects (level 1) (experimental design)
Design of procedures and projects (level 2) (design and management)
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Trainees should be able to: Learn | ng outcomes

10.1. Describe the concepts of tidelity and discrimination (e.g. as discussed by Russell and Burch
and others).

10.2. Explam the concept of variability, its causes and methods of reducing it (uses and
limitations of 1sogenic strains, outbred stocks. genetically modified strains. sourcing, stress and
the value of habituation. clinical or sub-clinical infections, and basic biology).

10.3. Describe possible causes of bias and ways of alleviating it (e.g. formal randomisation, blind
trials and possible actions when randomisation and blinding are not possible).

10.4. Identify the experimental unit and recognise i1ssues of non-independence (pseudo-
replication).

10.5. Describe the variables atfecting significance, including the meaning of statistical power and
“p-values”.

10.6. Identify formal ways of determiming of sample size (power analysis or the resource
equation method).

10.7. List the different types of formal expermmental designs (e.g. completely randomised,
randomised block, repeated measures [within subject]. Latin square and factorial experimental
designs).

10.8. Explain how to access expert help in the design of an experiment and the interpretation of
experimental results
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