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Who am I?
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• PhD in Psychology from the University of 
Zurich

• Analysis of high-density EEG

• Postdocs in Klinik Barmelweid, University of 
Wisconsin, University Hospital Liege, 
Inselspital Bern, and Netherlands Institute 
of Neuroscience

• Field of Sleep and Consciousness

• At the Swiss 3RCC since August 2018

• Manage funding program

• Coordinate Biostatistics Task Force

• Project coordination



• The 3RCC and the Biostatistics Task Force

• The Arrive Guidelines

– Adherence to the guidelines

• Evaluating Experimental Design and Statistical Reporting 
in Switzerland
– Reverse engineering the arrive guidelines into a checklist

– Additional items for evaluation

– Preliminary results

• Improving the current situation...

Presentation Overview
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A systematic overview of the ARRIVE 
guidelines in Swiss-based publications

The 3RCC and the 
Biostatistics Task Force
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The Swiss 3Rs Competence Center

Non-profit association established on 27 March 2018

• Scientific centre of national importance (Art. 15 of the Federal Act on the Promotion of 
Research and Innovation, RIPA), which benefits of support from the Swiss State 
Secretariat for Education, Research and Innovation (SERI) 

• Two observer members: SERI & Swiss Federal Office of Public Health (FOPH)

Federal Food Safety and

Veterinary Office FSVO

Founding members
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✓ Promote high quality research and care for 
animals.

✓ Develop a 3R education strategy targeted at 
different educational programs.

✓ Build a professional communication capacity 
available for all stakeholders interested in animal 
experimentation and 3Rs.

✓ Monitor the state of the 3Rs in Switzerland and 
track the impact of 3RCC initiatives

3RCC Objectives
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▪ Assistance and education on experimental design and biostatistics was highly indicated
in our September 2018 survey

Survey Finding…

With regard to animal testing procedures, which aspects 
do you believe 3R methods could be most improved?

Which themes do you believe are important to be 
covered in an education program on the 3Rs

7



3RCC Biostatistics Task Force

“Kick off” meeting took place on the 3rd of June with 12 members from almost all the 
major institutes of higher education in Switzerland. We discussed the current state of 

biostatistics in animal research and how the task force can improve the situation...
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3RCC Biostatistics Task Force

Perform meta-research 
to monitor the quality of 

animal research

Organise workshops / 
courses to teach 

fundamentals

Encourage boards 
(grants, ethics, journals) 
to use the task force for 

specific reviewing

Collaborate on specific 
questions from 

researchers (allocate 
questions to experts)

Create common 
platform for researchers 

to present questions / 
commentary

Promote the use of 
biostatisticians in the 

field (especially early in 
the process) 

Improve the state of 
biostatistics in animal research

experimental design, statistical 
analyses, reporting results

top-down approaches...

bottom-up approaches...
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A systematic overview of the ARRIVE 
guidelines in Swiss-based publications

The ARRIVE 
Guidelines
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• Review of publications from 1999 to 2005

• 894 potential abstracts screened -> 344 full text articles passed initial criteria

• 271 studies included in the “quality of reporting” checklist

• 118 UK and 145 USA

• 72 used mice, 86 used primates, and 113 used rats

• 48 of the 271 studies analysed using the “quality of design and analysis” checklist

Creating the ARRIVE guidelines…
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• Survey found…

• 59% (159/271) of all papers clearly stated the study hypothesis, reported three
animal characteristics (sex, strain and weight or age), and also reported the 
number of animals used.

Creating the ARRIVE guidelines…
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• Survey found…

• Only 8% (4/48) of the 48 studies presented raw data for individual animals.

• 49% (47/96) of the 48 studies assessed clearly stated the number of experimental 
units in all figures and tables.

• 17% (46/267) of the studies, that presented numerical data, did not present a 
measure of variation

Creating the ARRIVE guidelines…
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• Survey found…

• Random allocation of animals to experimental 
groups was reported in only 12% (32/271) of all the studies

• Only 14% of papers reported using blinding where one or more  
qualitative variables were used; Mouse = 0% (0/9); Rat = 7% 
(1/15).

Creating the ARRIVE guidelines…
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• “a wealth of evidence shows that across many areas, the reporting of biomedical 
research is often inadequate”

• “Good Reporting Is Essential for Peer Review and to Inform Future Research”

• Assumption: “Using Reporting Guidelines Measurably Improves the Quality of 
Reporting”

• Kane RL, Wang J, Garrard J (2007) Reporting in randomized clinical trials improved after adoption of the CONSORT statement. J Clin Epidemiol 60

• Altman DG, Simera I, Hoey J, Moher D, Schulz K (2008) EQUATOR: reporting guidelines for health research. Lancet 371

• Stone SP, Cooper BS, Kibbler CC, Cookson BD, Roberts JA (2007) The ORION  statement: guidelines for transparent reporting of outbreak reports and 

intervention studies of nosocomial infection. J Antimicrob Chemother 59: 833–840.

Creating the ARRIVE guidelines (2010)
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Creating the ARRIVE guidelines (2010)
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So… what were the ARRIVE 
guidelines in 2010?



Overview of the ARRIVE guidelines…

• The ARRIVE guidelines provides recommendations for reporting of the Title, 
Introduction, Methods, Results and Discussion…
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Overview of the ARRIVE guidelines…

• Who endorses the ARRIVE guidelines?
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https://www.nc3rs.org.uk/sites/default/files/documents/Guidelines/ARRIVE%20powerpoint%20Aug%202018.pdf



Creating the ARRIVE guidelines (2010)
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So… did the ARRIVE 
guidelines improve the 

reporting quality?



Creating the ARRIVE guidelines (2010)
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• Several recent systematic reviews show poor quality in the reporting of 
experimental design and biostatistics in publications involving animal 
research

• “Overall, studies reported less than half (47%) of all sub-items (median 51 items; range 37–64). Across all studies, the 
Methods Section reported less than half (45%) and the Results Section reported less than a third (29%)” Avey et al, et 
al.,2016

• “Unfortunately, publication of ARRIVE guidelines did not seem to enhance reporting quality, compared to papers 
appeared before ARRIVE publication” Gulin et al, 2015

• “... authors, referees, and editors generally are ignoring guidelines” Baker et al., 2014

• “... adherence to the ARRIVE guidelines is generally poor in research using in vivo animal models." Bezdjian et al., 2017



A systematic overview of the ARRIVE 
guidelines in Swiss-based publications

Evaluating Experimental 
Design and Statistical 

Reporting in Switzerland
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Systematic Review

• Perform a systematic review of recent animal experimentation literature in 
Switzerland

• Aim is to fully review ~50 articles to include in analysis

• should give sufficient power for reliable/representative conclusions

• Start from most recent publications (<2019) and work backwards until target 
number of publications reached

• Review from Nature Publishing Group (i.e. Nature *...*) and Science

• if quality low, we avoid criticism of bias to lower quality journals

• Animal experimentation must be performed in Switzerland

• search for first or last author in Switzerland and then addition check when reading through the paper 
(origin of license)

• Focus on experiments involving rodents

• results from the animal experimentation must be a primary outcome measure

• represents the vast majority of species involved in animal research

• makes literature search more specific and faster initial screening
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Systematic Review

221 records identified 
using PubMed

(Switzerland [Affiliation]) AND
("mouse" [Title/Abstract] OR "mice" [Title/Abstract] OR "rat" [Title/Abstract] OR "rodent" 
[Title/Abstract]) AND
("2016" [Date - Publication] : "3000" [Date - Publication]) AND
(Nature* [Journal] OR "Science" [Journal])

101 articles remained 
after initial screening of 

title/abstract

119 eliminated because first/last author not with a swiss affiliation

20 articles examined (so 
far…)

10 eliminated at this stage because animal experiment was not the primary/secondary outcome
Or, because the animal work was not performed in Switzerland 

10 articles fully 

evaluated (so far…)



Systematic Review

▪ Most past reviews have used adherence to the ARRIVE guidelines and checklist
as a systematic performance measure…
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Systematic Review

▪ Example of score sheet…

30



Systematic Review

▪ Typical multiple comparisons issues…
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Legend: Fig. 5 FBP1-G27P-KI mice exhibit

resistance to the acute glucose-lowering effect of
metformin…

…Statistical significance was determined using an

unpaired, two-tailed Student’s t-test and an alpha
level of 0.05.

• In this figure alone there would 
have been 50 independent T-
tests made (a = 5, b = 5, c, e = 2, f 
= 13, g = 13, h, i, j, k, l = 2)

• yet there is no statement 
or evidence of multiple 
comparisons correction

• They only report p-values 
as “P < 0.05” so we cannot 
perform some correction 
ourselves (i.e. the reader) 
since we have no idea how 
far under 0.05 these tests 
are



Systematic Review

▪ Example statistical issues…
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Legend: ...d, Averaged lags ± s.e.m. of half times from sigmoidal fits of 
spiking rates at the onset of cortical UP state. Note the CMT neuron 
spike rate advancement over other thalamic and neocortical neurons. 
(CMT vs. reuniens (REU), rhomboideus (RHO), inter-mediodorsal nucleus 
(IMD), and paraventricular nucleus (PVT), *P = 0.0073; F = 4.422; d.f. = 
4; n = 22, 23, 7, 28, and 8 cells, respectively, n = 6 animals; one-way 
ANOVA)...

• only a single p-value is given for the four 
different comparisons between CMT and 
other regions; these would be post-hoc T-
tests

• ANOVAs have two degrees of freedom… 
here only 1 is reported.

• 4 = 5 conditions (locations) to be 
compared minus 1

• reproducing the p-value of an F-test with df 
4, 5 (N-1), results in a p-value of 0.067238

• in case denominator should be N-k (6-
5)... resulting p-value would be 0.3408

• in case cells were treated as 
independent dfs 4, 84 (88 -k), p-value = 
0.0027

• this is a repeated measures design (or 
mixed if cells are the unit), a one way ANOVA 
is meant for unrelated/between group 
designs



Systematic Review
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Preliminary summary…

• The 10 papers reviewed had an average “score” of 17.9/51 
items (35.1%; s.d. = 6.5%). 

• All papers reported the species and strain (of mice); and 
reported at least one outcome measure

• 9/10 reported the experimental unit (cage / mouse / cell); 
and the age range of the animals

• 0/10 reported the total number of animals used; mean 
weight of the animals; described the order in which animals 
were tested / analysed; any environmental enrichment 
used; randomisation sequence



Creating the ARRIVE guidelines (2010)
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So… Switzerland is no 
exception to this trend of 

low quality of reporting



How can you improve the situation?

35

• Familiarise yourself with the ARRIVE guidelines before you 
start writing your paper

• Ask for help with the planning of your experiment, ideally from 
outside of your research group for a critical perspective

• PREPARE before you ARRIVE (doi:https://doi.org/10.1136/bmj.k760)

• Check out the Experimental Design Assistant tool by the 
NC3Rs (https://www.nc3rs.org.uk/experimental-design-assistant-eda)

• Contact Reinhard Furrer’s Group, specialists for Statistical 
Consulting in Animal Research  
(https://www.math.uzh.ch/consulting/?id=general)

• Contact the 3RCC Biostatistics Task Force 
(biostatistics@swiss3RCC.org)



Take home messages…
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• The 3RCC and its Biostatistics Task Force exists to help 
researchers with their animal experiments…

• We have a reproducibility and translatability crisis in 
science involving animal research

• The ARRIVE guidelines have been developed to help you 
write up your publications to improve the quality of 
reporting

• BUT, quality of reporting has not substantially increased 
over the past decade

• High impact, Swiss publications are no exception



Conclusion…
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Thank you for attention!

Don’t hesitate to get in touch with the 3RCC for further 
questions… or ask now!



• “poor experimental design and lack of transparent reporting contribute to the 
frequent failure of pre-clinical animal studies to translate into treatments for 
human disease.”

• “authors, referees, and editors generally are ignoring guidelines”

• “Our survey suggests that the ‘‘high quality’’ journals are setting a poor standard for 
others to follow”

• “many journals fail to ensure that the basic standards of experimental design 
and data analysis are adhered to.”

Evaluating the ARRIVE guidelines…

No change in reporting of ARRIVE items…
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• “There was no evidence that reporting practices improved following publication of 
the editorial advice”

• “Our current study found that ~93% of papers included non-exact p-values and 
~60% of papers with p-values between 0.05 and 0.1 reported these with spin.”

• “. . . significantly smaller than with fura-6F alone (P = 0.009), and slightly smaller 
than with fura-6F and EGTA (P = 0.08).”

• “conventions die hard, even if they contribute to irreproducible research.”

Evaluating the ARRIVE guidelines…

Example survey questions…
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• “Documenting these details is important to address potential reasons for 
discrepancies between results from different labs”

• Methods Section reported less than half (45%) and the Results Section reported 
less than a third (29%)

• “neither authors, nor reviewers are closely following the experimental design or 
results sections; this may increase the risk of biased results”

• “incomplete reporting of these details directly impedes the ability to assess the 
validity of the experiments.”

• “There was no association between journal impact factor and completeness of 
reporting”

Evaluating the ARRIVE guidelines…

percentage 
of sub-
items (e.g. 
species) 
reported 
for all 
studies
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• “Poor research reporting is a major contributing factor to low study reproducibility, 
financial and animal waste.”

• “Adherence to the ARRIVE checklist of 20 items was independently evaluated by 
two reviewers and items assessed as fully, partially or not reported”

• “No paper fully reported 100% of items on the ARRIVE checklist”

• “journal support for the ARRIVE guidelines has not resulted in a meaningful 
improvement”

Evaluating the ARRIVE guidelines…

Sub-item compliance percentages
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Compliance with ARRIVE …

1689 
manuscripts 
submitted to 

PLOS ONE

844 manuscripts 
to control group

845 manuscripts 
in intervention

622 manuscripts 
to control group

647 manuscripts 
in intervention

332 manuscripts 
to control group

340 manuscripts 
in intervention

inclusion 
criteria

accepted for 
publication

• completed ARRIVE checklist must be completed before the manuscript could 
advance through the review process

• include details of the page of their manuscript on which each ARRIVE item 
was addressed

• The contents of completed checklists were not checked against the manuscript 
for compliance at any stage.
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