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Three Rs: Replacement, Reduction and Refinement

https://norecopa.no
founded 2007

norecopa.no: 11,000 webpages

>1,000 hits a day

6-7 detailed newsletters a year

PREPARE planning checklist in 38 languages
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What is better science?

ü Replacement if possible

ü Reduction and Refinement if not possible to 
replace

ü Valid data (a true treatment effect)

ü Reproducible and Translatable experiments

ü Best possible animal welfare

ü Health & Safety (of animals and people)

ü Culture of Care at the animal facility

ü Communication of best practice to others

colourbox.com

Ignorance of ways to achieve these creates bad science 



Topics in 15 minutes  

• Are scientists merely paying lip service?
• How can we encourage them to use guidance from day one of 

planning?
• What does Norecopa offer?
• Can we use AI to improve the situation?

😳 
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Disclosures
• Editor of the Norecopa website
• Lead author of the PREPARE guidelines for planning animal studies
• First time ever: Some of the text in this presentation was composed by ChatGPT, as 

part of a study to test its usefulness in improving compliance
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The pathway to open (better) science
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https://meme-arsenal.com/create/meme/6015223

No thanks We’re 
too busy
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https://meme-arsenal.com/create/meme/6015223

My project has been funded, and the method has been published before,
so why should I change the protocol?

No thanks We’re 
too busy



“We followed the PREPARE and ARRIVE guidelines...”

Meta-research studies show that:
87% of papers still failed to report randomisation
86% failed to report blinding
Sample-size calculations are often absent (Leung et al., 2018; Song et al., 2023)

Merely requesting ARRIVE checklists during manuscript submission did not 
substantially improve compliance (Hair, Macleod & Sena, 2019)
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https://communities.springernature.com/posts/fatal-flaws-are-
ingrained-in-laboratory-animal-research-but-who-cares



‘Not even one followed the principles of rigorous experimental 
design’
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https://communities.springernature.com/posts/fatal-flaws-are-
ingrained-in-laboratory-animal-research-but-who-cares
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Neuroscience and immunology account for more than 20% of all animals used in Europe

20,000 participantsNorecopa: PREPARE for better Science
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fourwaves.com/blog/how-to-make-a-scientific-poster

no mention of analgesiaGermany
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fourwaves.com/blog/how-to-make-a-scientific-poster

no mention of analgesiaTurkey

Guidelines for the reporting of anaesthesia 
and analgesia in poster presentations of 
surgical research

“Poor reporting does not necessarily mean poor practice...” 
but these drug choices suggest an underlying problem
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The pathway to open (better) science
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PREPARE
The PREPARE Guidelines Checklist
Planning Research and Experimental Procedures on Animals: Recommendations for Excellence
Adrian J. Smitha, R. Eddie Cluttonb, Elliot Lilleyc, Kristine E. Aa. Hansend & Trond Brattelide

aNorecopa, c/o Norwegian Veterinary Institute, P.O. Box 750 Sentrum, 0106 Oslo, Norway; bRoyal (Dick) School of Veterinary Studies, Easter Bush, 
Midlothian, EH25 9RG, U.K.; cResearch Animals Department, Science Group, RSPCA, Wilberforce Way, Southwater, Horsham, West Sussex, RH13 9RS, U.K.; 
dSection of Experimental Biomedicine, Department of Production Animal Clinical Sciences, Faculty of Veterinary Medicine, Norwegian University of Life 
Sciences, P.O. Box 8146 Dep., 0033 Oslo, Norway; eDivision for Research Management and External Funding, Western Norway University of Applied 
Sciences, 5020 Bergen, Norway.

PREPARE1 consists of planning guidelines which are complementary to reporting guidelines such as ARRIVE2.
PREPARE covers the three broad areas which determine the quality of the preparation for animal studies:
 1. Formulation of the study
 2. Dialogue between scientists and the animal facility
 3. Quality control of the components in the study
The topics will not always be addressed in the order in which they are presented here, and some topics overlap. The PREPARE 
checklist can be adapted to meet special needs, such as field studies. PREPARE includes guidance on the management of animal 
facilities, since in-house experiments are dependent upon their quality. The full version of the guidelines is available on the Norecopa 
website, with links to global resources, at https://norecopa.no/PREPARE. 
The PREPARE guidelines are a dynamic set which will evolve as more species- and situation-specific guidelines are produced, 
and as best practice within Laboratory Animal Science progresses.

Topic Recommendation

(A) Formulation of the study

2. Legal issues Consider how the research is affected by relevant legislation for animal research and other areas, e.g. 

animal transport, occupational health and safety.

Locate relevant guidance documents (e.g. EU guidance on project evaluation).

3. Ethical issues, 

harm-benefit 

assessment and 

humane endpoints

Construct a lay summary.

In dialogue with ethics committees, consider whether statements about this type of research have 

already been produced.

Address the 3Rs (replacement, reduction, refinement) and the 3Ss (good science, good sense, 

good sensibilities). 

Consider pre-registration and the publication of negative results.

Perform a harm-benefit assessment and justify any likely animal harm.

Discuss the learning objectives, if the animal use is for educational or training purposes.

Allocate a severity classification to the project.

Define objective, easily measurable and unequivocal humane endpoints.

Discuss the justification, if any, for death as an end-point.

1. Literature 

searches

Form a clear hypothesis, with primary and secondary outcomes.
Consider the use of systematic reviews.
Decide upon databases and information specialists to be consulted, and construct search terms.
Assess the relevance of the species to be used, its biology and suitability to answer the experimental 
questions with the least suffering, and its welfare needs.
Assess the reproducibility and translatability of the project.

4. Experimental 

design and 

statistical analysis

Consider pilot studies, statistical power and significance levels.

Define the experimental unit and decide upon animal numbers.

Choose methods of randomisation, prevent observer bias, and decide upon inclusion 

and exclusion criteria.

5. Objectives and 
timescale, funding 
and division of 
labour

7. Education and 
training

Arrange meetings with all relevant staff when early plans for the project exist.

Construct an approximate timescale for the project, indicating the need for assistance with preparation, 

animal care, procedures and waste disposal/decontamination.

Discuss and disclose all expected and potential costs.

Construct a detailed plan for division of labour and expenses at all stages of the study.

Assess the current competence of staff members and the need for further education or training prior 

to the study.

Topic Recommendation

(B) Dialogue between scientists and the animal facility

(C) Quality control of the components in the study

11. Quarantine and 
health monitoring

Discuss the animals’ likely health status, any needs for transport, quarantine and isolation, 

health monitoring and consequences for the personnel.

15. Necropsy Construct a systematic plan for all stages of necropsy, including location, and identification of all 

animals and samples.

13. Experimental 
procedures

Develop refined procedures for capture, immobilisation, marking, and release or rehoming.

Develop refined procedures for substance administration, sampling, sedation and anaesthesia, surgery 

and other techniques.

14. Humane killing, 
release, reuse or 
rehoming

Consult relevant legislation and guidelines well in advance of the study.

Define primary and emergency methods for humane killing.

Assess the competence of those who may have to perform these tasks.

12. Housing and 
husbandry

Attend to the animals’ specific instincts and needs, in collaboration with expert staff.

Discuss acclimatization, optimal housing conditions and procedures, environmental factors and any 

experimental limitations on these (e.g. food deprivation, solitary housing).

9. Test substances 
and procedures

Provide as much information as possible about test substances.

Consider the feasibility and validity of test procedures and the skills needed to perform them.

10. Experimental 
animals

Decide upon the characteristics of the animals that are essential for the study and for reporting.

Avoid generation of surplus animals.

6. Facility 
evaluation

Conduct a physical inspection of the facilities, to evaluate building and equipment standards and needs.

Discuss staffing levels at times of extra risk. 

8. Health risks, 
waste disposal and 
decontamination

Perform a risk assessment, in collaboration with the animal facility, for all persons and animals affected 

directly or indirectly by the study.

Assess, and if necessary produce, specific guidance for all stages of the project.

Discuss means for containment, decontamination, and disposal of all items in the study.

References
1. Smith AJ, Clutton RE, Lilley E, Hansen KEA & Brattelid T. PREPARE:Guidelines for Planning Animal Research and Testing. 
 Laboratory Animals, 2017, DOI: 10.1177/0023677217724823.
2. Kilkenny C, Browne WJ, Cuthill IC et al. Improving Bioscience Research Reporting: The ARRIVE Guidelines for Reporting Animal Research. 
 PloS Biology, 2010; DOI: 10.1371/journal.pbio.1000412. 
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norecopa.no/PREPARE

Links to quality guidelines and scientific papers worldwide on e.g. blood sampling, injection volumes, housing and 
husbandry, analgesia, humane endpoints, experimental design

We need more species-specific and situation-specific guidelines that supplement PREPARE!
We need to make the guidance operational

Norecopa: PREPARE for better Science



Citing guidelines and publishing in ARRIVE-endorsing journals

is no help without

• fully integrating the principles in PREPARE & ARRIVE:
• study planning
• execution
• transparent reporting

The bottleneck now seems to be lack of implementation, not lack of guidance

Norecopa: PREPARE for better Science



https://arriveguidelines.org/resources/study-plan
https://norecopa.no/prepare/prepare-checklistNorecopa: PREPARE for better Science

There are fillable versions of ARRIVE and PREPARE that can be used as Study Plans
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Enhancing Quality in Preclinical Data - Vootele Voikar 0915 today

EQIPD operationalises ARRIVE and PREPARE:

Connects planning, practice and reporting

EQIPD ensures consistency and traceability during study conduct

norecopa.no/3r-guide/eqipd



There is a real risk that guidelines are treated as a compliance ritual,
rather than tools to improve science.

The ‘lip service’ problem is driven by

• incentives for novelty, speed and positive results, rather than for rigour, reproducibility and 
transparency

• checklist fatigue (multiple overlapping requirements from funders, institutional review 
boards, regulators and journals

• late-stage engagement (at manuscript submission)
• insufficient training in how to use study design to improve validity and translatability
• cultural separation: is LAS seen as regulatory support rather than an intellectual partner?

Norecopa: PREPARE for better Science
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AI systems can train on

 ARRIVE
 PREPARE
 Resources from 3R centres
 FELASA recommendations
 Evidence of systematic reviews
 Situation- and species-specific guidelines 



How could AI help improve the situation?

• For example:
ü automated detection of missing items in PREPARE and ARRIVE
ü real-time design feedback
ü manuscript screening before submission
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But AI systems must
• be transparent about their sources
• distinguish evidence from opinion
• avoid hallucinations
• preserve human ethical responsibility
• avoid reinforcing poor historical practices

i.e. AI-assisted expertise
not AI-driven decision making

We need to make experimental design
ü  easier
ü  earlier
ü  more visible
ü  more collaborative
ü  more intellectually engaging
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How could AI help improve the situation?
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Choose your AI model correctly – not easy in a rapidly developing field 

A case in point:

An analysis of the Non-Technical Summaries of projects approved in the UK

The small matter of “hallucination”....
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Available as pdf files on the Home Office website

https://www.gov.uk/government/collections/non-technical-summaries-of-projects-granted-under-aspa

Norecopa: PREPARE for better Science
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Percentage of UK approved projects that cite
ARRIVE & PREPARE in their Non-Technical Summaries

Publication of 
PREPARE (2018)



What did AI find?

OK
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but when it converted it into an Excel file

Text taken from projects 28 and 96

Hallucination? Fabrication!
ChatGPT was not the right app to use (Claude or Python, maybe?)

Norecopa: PREPARE for better Science
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From Culture of Care to Data Care

Findability
Accessibility
Interoperability
Reusability

Wilkinson et al., 2016
https://www.nature.com/articles/sdata201618Norecopa: PREPARE for better Science
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Data privacy

Use API (Application Programming Interface) versions so that your data is not used to 
train models, unlike the consumer versions of ChatGPT and Claude

Consider using local Large Language Models (LLMs) on a private server, so no data ever 
leaves your institution’s network

Norecopa: PREPARE for better Science
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https://nc3rs.org.uk/who-we-are/our-strategy



We need to reposition Laboratory Animal Science

From a peripheral function
To  an integrated scientific quality discipline that supports better research

From “How do I satisfy the requirements?”

To “How do I produce the most reliable and informative science possible?”
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Scientists will be more engaged if they see that good planning

• reduces failed experiments
• decreases variability
• lowers animal numbers
• improves publication quality
• strengthens grants

and that
• poor welfare affects physiology and behaviour
• stressed animals produce noisier data
• underpowered studies waste animals
• biased experiments undermine translation to humans
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Move from “Have you complied with PREPARE?”
to “How did good planning improve your science?”

Scientists respond better to
• decision trees
• protocol builders
• interactive design assistants
• example datasets
• automated reporting prompts
• specific templates

Move from “compliance after design” to “quality assistance during design”

Norecopa: PREPARE for better Science
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"We ARRIVED, because we were PREPARED"

Norecopa: PREPARE for better Science

ü Better Science
ü Improved animal welfare
ü Advancement of the 3Rs
ü Safer working environment

https://norecopa.no/prepare/film
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foto: NMBU

SCID-Hu mice immunized with a pneumococcal vaccine 
produce specific human antibodies and show increased 

resistance to infection.

We can also be better at reporting 3R advances!

Aaberge I.S. et al., Infection & Immunity, 1992, 60 (10): 4146-4153
https://journals.asm.org/doi/10.1128/iai.60.10.4146-4153.1992
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Not necessarily a high-impact journal
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Refinement Wiki: wiki.norecopa.no
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wiki.norecopa.noc. 75 topics (June 2026)



Standing Committee on Business Affairs, Norwegian Parliament
Norwegian Ministries of Agriculture and Fisheries
Research Council of Norway

Aivero
Architect Finn Rahn's Legacy
Charles River
Dag Stiansen’s Foundation
Laboratory Animals Ltd.
Nordic Society Against Painful Experiments (NSMSD)
Norwegian Society for Animal Protection (Dyrebeskyttelsen Norge)
Norwegian Animal Protection Alliance (Dyrevernalliansen)

Norecopa: PREPARE for better Science Graphics: colourbox.com

Thanks to Norecopa’s sponsors

Novo Nordisk
Royal Society for the Prevention of Cruelty to Animals (RSPCA)
Sanofi
Scanbur
Scottish Accreditation Board (SAB)
Stiansen Foundation
Universities Federation for Animal Welfare (UFAW)
US Department of Agriculture (USDA)



norecopa.no/news/newsletters

7-8 times a year

English-language newsletters

1,600 international subscribers
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norecopa.no/calendar

+ webpages for recorded meetings, sorted by PREPARE topics
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Monthly webinars:

norecopa.no/R3FINED
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English-language newsletters

norecopa.no/CELASC

Thank you for listening!


