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Preface  
 
These Guidelines are designed to help with the process of making informed decisions 
about the best way to carry out studies of animal behaviour in biomedical experiments.  
Although the topics concentrate on laboratory research, some apply to ethological 
studies in the natural environment as well.  Even investigators who need to comply with 
regulatory requirements (and so cannot modify either the choice of procedure or the 
design of their studies) need to be aware of the principles described in these Guidelines. 
 
New recruits to this field are the main target audience but anyone with a professional 
interest in behavioural laboratory animal science should find these Guidelines useful, 
even if only as a ‘refresher’.  Lay members of panels that deal with animal welfare and 
ethical review should find them helpful, also.  
 
Each section includes questions that are intended to stimulate thoughts on how best to 
approach and carry out the experiments. This appraisal process will help to make 
objective decisions on topics such as: the justification for the choice of procedure; 
opportunities for optimising the welfare of the animals; implementation of the 3Rs1; and 
key ethical questions. It will also help to ensure that the experiments adopt the best 
design and avoid common pitfalls when interpreting the results. 
 
Obviously, it would be impossible to provide point-by-point instructions on individual 
procedures because so many are used, in different experimental contexts, to study a wide 
range of species at various stages of development.  Instead, the Guidelines focus mainly 
on principles that apply to all species. When necessary, they deal specifically with rats and 
mice because these are the species that are used most often in laboratory animal science. 
 
The points that have been included were all flagged as fundamental at a workshop held in 
London in April 2012. This was attended by more than fifty experts, from the UK and 
beyond, who represented all aspects of behavioural laboratory animal science: breeders, 
veterinary surgeons, animal technicians, statisticians, regulators, animal welfare charities, 
industry, biotechnology centres, contract research organisations and universities. A 
second workshop, held in Harrogate in 2013, sought feedback on a draft copy before the 
final version was completed.  
 
These Guidelines are based on the collective views and ideas of everyone who 
contributed to their development. The strong bias towards neurological and 
pharmacological procedures reflects the balance of interests of those who were energetic 
about passing on the benefits of their experience.  However, we acknowledge that there 
is scope for expanding these Guidelines, in terms of detail and fields of research.  For that 
reason, we regard this version merely as a first Edition.  We hope that they will form a 
template for a document that evolves in future years.  
 

                                            
1
 See Section 1.1  
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Summary and Overall Checklist  
 
These Guidelines highlight important questions which should be resolved before, during 
and after studying the behaviour of laboratory animals.   
 
1. They start by offering advice on how to ensure that the work will meet the highest 

standards in terms of 3Rs compliance, ethical considerations and animal welfare 
(Section 1). 
 

2. This is followed by an outline of how to assess scientific validity, which should be 
considered in order to optimise scope for translation into humans (Section 2).   
 

3. The next section incorporates a list of questions that aim to prompt a critical 
appraisal of the proposed work. In particular, whether the use of in vitro alternatives 
has been considered and whether there are options for refining the procedure 
and/or optimising the experimental design (Section 3). 
 

4. Ways of ensuring that the experimental work is carried out by competent 
investigators is covered in the next section. The legislative requirements for training 
and competence, as defined in the EU Directive (2010/63/EU), are covered first but it 
is pointed out that these merely focus on generic skills that are used in any field of 
research.  Evaluation of animal behaviour often requires more specialised technical 
expertise: here, we offer some suggestions on how to ensure competence in these 
more specific experimental procedure(s) (Section 4).  
 

5. Differences in the behaviour of animals, both within a group of individuals and 
between different groups, can influence experimental findings and even the main 
conclusions. This section gives some examples of the many sources of such variation 
that should be considered when designing the study and carrying out the work 
(Section 5). 
 

6. This section gives examples of environmental factors that can affect animals’ 
behaviour. The investigator must decide whether or not it is better to control for any 
of these factors, which would eliminate them as possible confounders, or to carry out 
the experiment in a more naturalistic environment, which could have greater 
translational relevance (Section 6). 
 

7. The final section re-emphasises the need to plan the statistical analysis of the data 
and the experimental design simultaneously (i.e. before starting the experiment). 
There are also suggestions on how to avoid subjective or systematic bias in the data 
and an evaluation of the pros and cons of using the same subjects in more than one 
procedure. This section ends with a warning not to make unjustified assumptions 
about the cause(s) and consequence(s) of changes in animal behaviour, or the 
direction of causation of any such change (Section 7). 



Guiding Principles for Behavioural Laboratory Animal Science 

 

6 | P a g e  

 

GLOSSARY 

[In the context of these Guiding Principles] 

 

Procedure:   A single behavioural protocol (e.g. the elevated 
plus-maze; Open Field) 

Experiment:   One or more behavioural procedures, which 
collectively provide the data needed to meet a 
specific scientific objective 

Project/Program:   A series of experiments, some of which will 
incorporate behavioural procedures, with a 
common aim  
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1 THE 3Rs AND ETHICAL EVALUATION   

 

This section outlines factors that should be considered at the start of the experiment so 
as to ensure that the work meets the highest welfare and scientific standards.    
 
As in all biomedical research, it is essential to have a clear experimental design and to 
ensure that this matches the planned statistical analysis of the data.  That is the only 
way to be certain that the data that emerge from the experiment will be amenable to 
valid statistical analyses.   
 
This section considers the first step in this process, which is how to ensure 3Rs 
compliance and optimisation of animal welfare, and offers advice on who should be 
involved in that process.  

 

It is important to acknowledge that animals are not merely a ‘research resource’ 
and that their use in an experimental procedure crosses an ethical boundary 

 

There are two key principles that must be addressed in all research projects involving 
animals: 
 

 the 3Rs principles of humane science; and  

 the harm-benefit assessment and ‘ethical evaluation’ of the work. 

 
1.1 The 3Rs 
The 3Rs principles of humane science were published by Russell and Burch (1959) and are 
now internationally recognised as important both for good animal welfare and good 
science.  For every project, and every procedure within each project, it should be evident 
that the 3Rs have been considered and that, wherever feasible, they have been adopted 
within the experimental design. 
 

 Replacement:  Use of an alternative to a living animal (e.g. an in vitro alternative, 
computer simulation or human volunteer).  

 Reduction:  The use of the fewest number of animals needed to reach a clear 
conclusion.   

 Refinement:  Procedural changes that reduce pain, suffering, distress and lasting 
harm for the animals and improve their welfare.  Since animal welfare can have a 
direct effect on the validity and reproducibility of scientific data, this also 
benefits science. Refinement should be applied throughout the lifetime 
experience of the animal, including housing and care, transport, handling and 
restraint, identification, procedures and their long-term effects, and euthanasia. 
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Before designing an experiment, always consider who should be consulted to discuss the 
experimental procedure, its severity, humane end-points and whether the animals’ 
welfare could be improved without undermining the experimental objectives.  There may 
already be an established ‘team’ of animal care staff and other investigators dealing with 
such questions. If not, consider whether it would be helpful to assemble such a ‘3Rs 
group’ or to discuss the work in depth with the local ethics and welfare body.  
 
 
1.2 Ethical evaluation 
In countries with a well-developed system for regulation of experiments that use animals, 
there is a requirement for ethical evaluation of research projects.  This process may 
differ from one country (or even one establishment) to another. Nevertheless, the 
principles are common to all. Do not assume that the principles of the 3Rs and a 
favourable benefits/costs balance can be ignored if the procedure is to be carried out on 
animals that are not protected (e.g. most invertebrates under the Animals (Scientific 
Procedures) Act [A(SP)A] in the UK).  
 
Within the EU, project authorisation is required for any study that could cause the animal 
pain, suffering, distress or lasting harm. Simple observational studies of animal behaviour 
are unlikely to cause any distress.  However, authorisation by Member States is likely to 
be required for procedures that involve interventions, such as social isolation of rats or 
mice, or where the animal is subjected to a stimulus that evokes an escape or avoidance 
response.   
 
In all cases, every effort must be made to ensure that the 3Rs have been considered 
adequately when approving an application to carry out a specific piece of research and 
that the objectives: 

 

 maximise the likely benefits of the project: e.g. by ensuring that the work 
optimizes its relevance to the human condition and through systematic 
dissemination of the results; and 

 minimise the predicted harms through application of the 3Rs.  

To achieve these objectives, everyone involved in this process needs to be aware of the 
ethical implications of the research and to understand its complexities and constraints 
and to ensure that it does not violate accepted norms.  This means that the first step, for 
investigators who intend to carry out the research, is to identify the ethical and animal 
welfare issues at an early stage when planning the work.   
 
In addition to national regulations, individual research institutions should operate within 
a set of local ethical principles.  These are usually implemented through bodies such as 
an Animal Welfare and Ethics Review Body2 or an institutional Animal Care and Use 

                                            
2
 AWERB in the UK 
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Committee3.  The composition of these bodies can vary, but everyone (including the lay 
members and secretariat) must be aware of, and understand, the principles of the 3Rs.  
 
These groups may go further than required by legislation: for example, they may limit the 
use of certain species, specific experimental procedures, or levels of suffering.  
 
There are likely to be disparate views on: 
 

 whether the specific research objectives justify the use of animals;  

 what constitutes a ‘harm’ to an animal; and   

 the extent of harm that is acceptable and permissible in meeting the research 
objectives.   

As a consequence, it is not possible for individual investigators to carry out a truly 
independent or objective ethical assessment of their own work. Comprehensive 
assessment and weighing of harms and benefits needs informed input from a wide range 
of lay persons and regulators as well as professionals who include: animal technologists, 
animal care and welfare professionals, laboratory animal veterinarians, scientific 
colleagues and collaborators.  
 
All these people will look at the ethical evaluation from different perspectives. By 
working together, as a coherent team, they will ensure robust decisions on the 
experimental procedure, its severity, humane end-points and whether the animals’ 
welfare could be improved without undermining the experimental objectives.  
 
Bear in mind that animals, as well as humans, could benefit from the work and this 
possibility needs to be taken into account when appraising harm versus benefit.   
 
On the other hand, some experimental procedures might be hard to justify because of 
their harm versus benefit, or because they have little (or no) equivalence to any event 
likely to be experienced by humans (‘translational validity’).  Such procedures will need 
particularly stringent ethical evaluation, which might even decide that they should not be 
used at all.    
 
Finally, it is unethical to waste animals by abandoning an experiment before its 
completion, without scientific justification (e.g. through lack of adequate funding).  
 

1.2.1 Assessing benefits 
Some questions to consider when assessing the benefits of a program of work and 
the procedures that will be used are:  
 

 Is it certain that the questions cannot be answered without using animals?  

                                            
3
 ACUC in the USA 



Guiding Principles for Behavioural Laboratory Animal Science 

 

11 | P a g e  

 

 Do the aims and objectives of the research fulfil a clear unmet medical/ 
veterinary/animal welfare need, and/or... 

 .....Do they address an important scientific question? 

 Will the findings from the series of individual experiments help to meet the 
aims and objectives of the overall program of work?  

 Is the work original, relevant, realistic and timely?  

 Is the science of high quality and demonstrably robust? 

 Will the findings help us to understand the explanation for a behavioural 
disorder, or is the work aimed at trying to find a new treatment?  If the 
latter, it might be necessary to use animals at an early stage of a progressive 
disorder and the ethical bars might differ. 

 Will the benefits (both positive and negative findings) be disseminated as 
widely as possible and are they likely to be taken into account in future 
work? 

 Will any contribution to the 3Rs be disseminated and applied in future work? 

 
1.2.2 Assessing harms to animals 
It is important to have a comprehensive understanding of all the types and sources of 
harms for animals in order to carry out a harm-benefit analysis and to apply the 3Rs.  
Any pain, suffering, distress or lasting harm arising from factors such as transport, 
housing and husbandry, identification, handling and restraint (if applied) should be 
identified as well as harms from the main procedures.  This ‘contingent suffering’ is 
important from a scientific point of view, as well as an ethical one, because it can 
affect the quality of the experimental results.  
 
Laboratory animal investigators need to know whether the experiment is adversely 
affecting the animals’ welfare.  To achieve this, a good system of welfare assessment 
of the animals, targeted at the particular experiment, is an essential pre-requisite 
(see: Hawkins et al., 2011). But, in order to recognise changes following an 
experimental intervention, it is essential for the team to be familiar with the profile 
of behaviour that is typical (‘baseline’) for the species or strain being studied (see:  
Section 4 (Training);  Berdoy 2002). 
 
A useful, preliminary assessment of the ethical burden of harm imposed during a 
procedure is to decide whether the researcher would willingly use the equivalent 
procedure on another human being.  However, it is important to bear in mind that 
perception of, or actual, harm in humans cannot be assumed to have the same effect 
in other animals.  Some stimuli (e.g. smell) can have a greater influence on animals 
than humans and vice versa (e.g. the spoken word). Furthermore, there may be 
stimuli that humans cannot detect at all and yet can be disturbing or even harmful to 
animals: e.g. ultrasonic sound or exposure of a nocturnal species to bright light. 
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1.3 Record-keeping 
Rigorous record-keeping is important for welfare and scientific purposes as well as to 
ensure compliance with legal requirements.  The records should include documentation 
of unexpected or adverse effects, which are needed for retrospective reporting of harm 
within the EU.  
 
Use data-recording sheets, to provide a clear, dated (and signed, if necessary) record of 
the results.  Record precisely the conditions of the experiment.  All details relevant to the 
particular procedure (e.g. ambient light intensity, food consumption), should be noted as 
a matter of routine. There should be sufficient detail to enable any other competent 
investigator to audit and replicate your study.  The details on record should comply with 
the ARRIVE Guidelines, at least (Kilkenny et al. 2010).  
 
The score sheets need to be carefully designed.  They should include potential adverse 
effects as well as changes in behaviour (which may not be the same).  Categories of 
behaviour to be included on the score sheets will be different for each procedure because 
different procedures will affect different behaviours in different ways.  
 
The form should be refined, if any unexpected adverse effects or behavioural changes 
come to light during the course of the experiments.  The input of everyone involved with 
the animals (animal care professionals, veterinary clinicians and regulators, as well as the 
investigators) will be helpful in this process.  
 
An awareness of the spirit of Good Laboratory Practice (GLP) is helpful because this 
strives to reach the highest standards. However, the implementation of GLP for all 
research facilities is not a legal requirement and usually not feasible for small research 
groups who have limited administrative support for their work. 
 
 

For more information about the process of ethical review, see: 

 Guiding Principles on Good Practice for Ethical Review 
Processes http://www.lasa.co.uk/publications.html or 
www.rspca.org.uk/researchanimals. 

 Animal Procedures Committee (UK: 2003) Review of cost-
benefit assessment in the use of animals in research.     
www.gov.uk/government/uploads/system/uploads/attach
ment_data/file/119027/cost-benefit-assessment.pdf. 

 IACUC: www.research.psu.edu/arp/experimental- 
guidelines/rodent-behavioral-tests-1  

 www.nap.edu/openbook.php?record_id=10732&page=7  

 http://grants.nih.gov/grants/olaw/guidebook.pdf 

 www.animalethics.org.au/animal-ethics-committees 

 

http://www.lasa.co.uk/GP%20ERP%20July%202010%20print%20FINAL.pdf
http://www.lasa.co.uk/GP%20ERP%20July%202010%20print%20FINAL.pdf
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1.4 Retrospective Assessment  
 

1.4.1 The project  
There is a legal requirement within the EU to carry out a retrospective assessment of 
some projects to check:  
 

 whether the objectives of the project have been achieved;  

 the actual harms that were suffered by each individual animal, including the 
severity of the procedures (see:  Section 1.4.2); 

 any contributions to the further implementation of the 3Rs.  

 
A full retrospective assessment, as outlined above, is mandatory only for projects 
involving ‘severe’ procedures (using any species) or projects using primates.  
Nevertheless, it is good practice to conduct a full retrospective assessment for all 
projects.  As well as helping to ensure that the science is on track, this process will 
bring additional benefits through highlighting any matters concerning training, 
resource and project management that need attention (see: Jennings et al., 2007).  
 
1.4.2 Assessment of actual harms 
Legislation within the EU requires actual harms to be assessed for all projects and this 
information must be submitted for statistical reporting purposes. This legislation 
(A(SP)A within the UK) further stipulates that a suitably qualified person must classify 
the actual severity of each procedure as ‘non-recovery’, ‘mild’, ‘moderate’, or 
‘severe’ after the project has ended.  This is done by reviewing day-to-day (‘cageside’) 
records of welfare assessments.   
 
It is essential to have a good welfare assessment protocol that facilitates effective 
recognition and assessment of harms, both of which depend on a reliable 
record-keeping system (see: Section 1.3) and an appropriate monitoring regime.  
These are best achieved through effective teamwork between investigators, animal 
care-workers, veterinary staff and the regulators4.  It might also be helpful to have 
input from the local ethical or animal care and use committee, such as the Animal 
Welfare and Ethical Review Body (AWERB). Collaboration between all these 
professionals will enable appropriate welfare indicators to be tailored to each 
procedure. 
 
The process of assessment must consider the lifetime experience of the animal and 
identify different types and sources of suffering.  These must consider the effects of 
identification, handling, restraint, any husbandry restrictions and euthanasia in 
addition to direct effects of the scientific procedures.  It should also be borne in mind 
that these procedures can impose anxiety and distress, as well as physical pain.  
 

                                            
4
 e.g. the Home Office Inspectorate (in the UK). 
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A sound understanding of normal animal behaviour is essential in order to recognise 
when there is a health or welfare problem within a study.  This is especially important 
when assessing the welfare of animals used in behavioural research (and when 
interpreting experimental results).  The records of welfare assessments, such as score 
sheets (see: Section 1.3), are used to assess actual harms for reporting to the 
regulator.  They should also be used to review and reflect on each animal’s lifetime 
experience and to help identify any scope for further refinement.  For example, if 
some animals lost weight after surgery it might be necessary to adjust the pain relief 
protocol.  Or, if animals displayed stereotyped behaviour after periods of restraint, 
the duration of restraint might need to be reduced, or steps taken to ensure that the 
animals are habituated to this procedure (but see: Section 6.2). 
 
The European Commission has published guidelines on severity assessment, including 
how this can be assessed, with some worked examples (see: European Commission, 
2012 & 2013). For more information on welfare assessment, see: Hawkins et al., 
(2011). 

 
 
1.5 Conflicts 
Ensure that any contractual relationships relating to the research, including sponsorship, 
do not compromise the ethics of the work.  If there is the possibility of personal benefit 
from the research outcome, this should be declared openly. In some cases, a higher 
benefit(s)/harm balance might be needed to be assured of the ethical basis for the 
research.  

 
Happy animals make good science 

T Poole (1997) 
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2 JUSTIFYING STUDIES OF LABORATORY ANIMAL BEHAVIOUR 
 
This section highlights criteria that must be satisfied in order to ensure the valid use of 
animals in behavioural studies and to optimise the likelihood that the findings will 
translate into humans. 
 
The different elements of scientific validity are considered first.  This is followed by an 
outline of the main factors that could limit or undermine the translational relevance of a 
specific behavioural procedure. 
 

Always consider the translational relevance of procedures used to evaluate 
behavioural responses in animals 

 
 
An ability to evaluate different aspects of animal behaviour is essential for improving our 
understanding of how those behaviours are regulated, the causes of illnesses that disrupt 
them and also for the discovery and development of new medical treatments.  However, 
such studies are justified only if their validity is assured.  
 
It would be helpful to liaise with a clinician who specialises in the behaviour/disorder that 
is the focus of the research in animals. It would be equally helpful to meet patients 
suffering from the disorder. These contacts will enable the strengths and limitations of 
the animal research to be evaluated and placed in context: i.e. what key behavioural signs 
of the disorder that is being studied would clinicians and their patients expect to see in 
animals? 
 
2.1 Validity 
The validity of all behavioural studies using laboratory animals depends on the research 
context and objective(s).  The criteria that need to be met in order to satisfy the different 
types of experimental validity (e.g. translational validity, predictive validity, construct 
validity, face validity) have been debated for many years. It has become increasingly 
recognised that, while it is impossible to model human mental disorders in animals, 
intermediate behavioural phenotypes (sometimes called ‘endophenotypes’) that 
underlie, or form part of, such mental disorders can be identified.  In some cases, directly 
homologous behaviours can be studied in animals. The details of these discussions are 
beyond the scope of these Guidelines but can be found elsewhere, (e.g. Willner, 1984; 
1986; Belzung & Lemoine, 2011; Stephens et al., 2013).  
 

2.1.1    Translational validity 
The only firm confirmation of validity for any behavioural study is through 
translation of any conclusions into humans from other animals. This is not 
necessarily a single step, or a one-way process.  Progressing research across a range 
of species can enable the construction of an effective translational pathway. For 
instance, back-translation from humans to monkey to mouse and then translation 
from mouse to monkey and then to humans can provide the validation that is needed 
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to make decisions that turn out to be robust and reliable.  Yet, they are based on 
primary data that might only be determined ethically in a mouse.   

 
 Overall, translational validity implies that:  

 

 a novel treatment (e.g. drug candidate, other industrial chemical or surgical 
intervention) has no harmful or unwanted effects on the behaviour of 
humans that are not evident in animals 

 the novel treatment (e.g. drug or surgical intervention) prevents the 
behavioural disorder(s) in both animals and humans 

The first step in testing for translational validity is to evaluate the safety and efficacy 
of the experimental intervention. This rests on a systematic study of its effects on the 
animals’ spontaneous behaviour and gross physiological signs. This is an open-ended 
interrogation, which involves monitoring animals in a series of different environments, 
starting with the home-cage, followed by an assessment when held in the hand and 
then in a novel environment (e.g. open field).  

 
 

A recommended step-by-step guide to the systematic behavioural 
assessment of small mammals, incorporating features of the Irwin and 
FOB (Functional Observational Battery) tests, was published in 2012 by 

the ESSWAP foundation. 
Copies can be purchased through e-mail to: email@esswap.org  

 
 
 
2.1.2 Predictive validity  
This category of validity assumes that a specific behavioural response following an 
experimental procedure enables us to predict the human response. This assumption 
is based on an empirical finding that manipulation of a biological target (e.g. through 
a drug challenge, genetic alteration or surgical lesion) in an animal that produces a 
distinct behavioural response signals that it will also cause a specific response in 
humans. For example, self-administration of a drug by animals is taken as an 
indication that the drug is likely to be addictive in humans.  
 
The behavioural responses in animals and humans do not have to be qualitatively 
similar. Also, it must not be assumed that the behaviour being evaluated in animals is 
equivalent to the human condition.  For instance, ‘immobility’ in the forced swim 
test is often use as a screen for antidepressant drugs (i.e. when animals stop 
swimming and adopt a floating posture) but does not necessarily indicate that the 
animals’ emotional state is the same as that experienced by depressed humans.   
 
When using these procedures, it is important to be aware of the risk of ‘false 
positives’ (a positive response, which does not translate into humans).  For instance, 
a drug that increases arousal and/or motor activity could reduce immobility in the 



Guiding Principles for Behavioural Laboratory Animal Science 

 

19 | P a g e  

 

Forced Swim Test and yet turn out to be ineffective as an antidepressant (false 
positive): e.g. NK1 receptor antagonists.  
 
There is also a risk of false negatives (a negative response in the test but a positive 
one in humans).  For instance, increased exploration of the open-arms of an elevated 
plus-maze predicts an anti-anxiety action in humans.  Yet, although some drugs do 
not produce this response in rodents they do relieve anxiety in humans (e.g. 
buspirone).   
 
In fact, buspirone is an interesting example because it highlights the cautionary 
principle that some procedures can produce positive results only when testing drugs 
with a similar mechanism of action.  For instance, the elevated plus-maze reliably 
produces positive results for anti-anxiety drugs that act at the same biological target 
(e.g. benzodiazepines and other drugs that bind to the GABAA-receptor), but not 
when testing drugs with a different mechanism action even though they might also 
have anti-anxiety properties in humans (e.g. buspirone, which modifies the function 
of serotonin-releasing neurones).  
 

Behavioural procedures in which a specific response to an 
experimental challenge in animals is consistently paired with a specific 

response in humans acquire ‘predictive validity’.  However, the 
behaviour of the animals, before or after the treatment, is not 

necessarily a ‘model’ of any human behaviour or disorder 
 

 
2.1.3 Construct validity 
Further reasons for studying the behaviour of laboratory animals are:  
 

 to increase our understanding of the biological processes thought to govern 
behaviour in health and illness;  

 to characterise the behavioural phenotype of an experimental intervention 
(e.g. genetic alteration, surgical intervention or drug treatment) that is 
thought to explain, exacerbate or prevent a human illness.  

The rationale for these studies is that greater insight into these biological processes 
will lead to better treatments for, or prevention of, human illnesses.  
 
These studies assume that the biological processes, which influence behaviour in 
health and illness, generalise across different species.  Whereas this seems to be the 
case for most aspects of behaviour, it is important to acknowledge that this might not 
always be so.  For instance, some elements of cognitive processing in humans might 
be evident in other animals (e.g. spatial mapping) whereas others might not (e.g. the 
ability to solve complex mathematical problems). 
 
The validity of any claim that a biological process is causally linked with behaviour 
(‘construct validity’) depends on a process of continual reappraisal.  This must also 
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involve accumulating supporting evidence from a wide range of research fields (e.g. 
gene microarray, histopathology, endocrinology), not just behavioural studies. 
 
2.1.4 Face validity 
Face validity implies that there are overt similarities between behavioural responses 
and their context in animals and humans. However, this criterion is often ignored, not 
least because some procedures that modify animals’ behaviour are not relevant to 
day-to-day human experiences (e.g. repeated inescapable electric shocks to induce a 
behavioural change, known as ‘learned helplessness’, in animals or the experiential 
conditions of the Morris Water-Maze test of cognition).   
 
Also, a behaviour induced in animals might not have any obvious human analogue 
(e.g. fear-induced foot-thumping in gerbils).  Such species-specific behaviours provide 
a window onto underlying neurobiological systems but it is worth considering the 
extent to which such limitations in face validity undermine the translational validity 
of the experimental procedure.  

 
 
2.2 Complicating factors 
 

2.2.1 More than one procedure in each animal? 
Consider at the outset whether the best experimental design would involve carrying 
out a series (battery) of procedures using the same animals.  An advantage of this 
approach is that it could strengthen the conclusions and reduce the number of 
animals needed for the study.   
 
A disadvantage is that the sequence of the procedures could influence the findings 
(see:  Section 7.4).  Using a battery of procedures in the same animals can also 
compromise welfare because it could increase the cumulative harm experienced by 
each animal.  Discuss with animal care, veterinary staff and regulators, the 
advantages and disadvantages of this approach and set limits on what should be 
done.  
 
2.2.2 More than one symptom/sign in humans 
Obviously, it is easier to evaluate a single behaviour in animals (e.g. locomotor 
activity) than a cluster of different behaviours.  For instance, abnormal behaviours in 
rodents that are presumed (often with little, or no, justification) to be analogues of 
certain features of depression in humans include: a reduction in rodents’ preference 
for sweetened water in the sucrose preference test (anhedonia) or an increase in 
submissive behaviour (low self-esteem).  
 
However, psychiatric and neurological disorders in humans rarely affect only one 
aspect of our behaviour.  As a consequence, a prediction that the treatment will have 
a therapeutic effect in humans cannot be justified merely on the basis of evidence 
that it prevents a single behavioural abnormality in animals.  
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Although the use of one well-founded test is worth more than a panoply of 
meaningless ones, it follows that the translational validity of behavioural tests in 
laboratory animals can be strengthened by studying as many different aspects of 
their behaviour as possible, both within a single procedure and across a battery of 
procedures.  The use of multiple tests also helps to ensure that the behavioural 
response of interest does not have an extraneous explanation that is not relevant to 
the focus of research.   
 
 

Consider the extent to which the experimental procedure is relevant to  
complex human behaviour(s), mood(s) and emotion(s),  

especially if only one aspect of behaviour is being evaluated 
 

 
2.2.3 More than one illness  
Humans often express symptoms of more than one disorder concurrently 
(‘co-morbidity’).  As a consequence, it is essential to consider whether a change in 
behaviour, following an experimental intervention, could have more than one 
explanation.  For instance, depression is common in patients with Parkinson’s Disease 
and both illnesses slow movement, but for different reasons. It follows that a 
reduction in motor activity in animal studies of Parkinsonism could be explained by 
an effect on mood (e.g. a loss of motivation to move) or impaired motor function 
(e.g. bradykinesia of neurological origin), or both.  
 
 

Be clear about the aspect(s) of the human disorder(s) that are being 
studied in animals following an experimental intervention 

 
 
2.2.4 More than one cause of an illness 
Most, if not all, disorders that affect the behaviour of humans are multifactorial: i.e. 
there is no single genetic, or other biological, causal factor. However, several factors 
can increase vulnerability to the disorder, such as in schizophrenia.  Also, it is now 
recognised that the behaviour of adults is strongly influenced by interactions 
between the genome and its environment (‘epigenetic’ changes): e.g. harmful 
experiences in childhood.   
 
These factors make it unlikely that any single targeted intervention in animals will 
replicate the full spectrum of the human condition.  At best, they may only replicate 
limited aspects of the disorder.  
 

 
Be wary of claims that a specific experimental intervention, which 
produces abnormal behaviour in animals, is a ‘model’ of a complex 

human disorder 
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2.3 Overcoming problems through back-translation from humans to animals 
Recent research exploits the discovery of associations between inherited (genetic) traits 
and specific behavioural abnormalities in humans: these associations are defined as 
‘endophenotypes’.  The aim is to replicate this aspect of the human disorder through 
genetic alteration or drug treatment, for instance.  This approach is helping to circumvent 
the problem that some key (diagnostic) elements of human illnesses (e.g. hallucinations in 
schizophrenia or melancholia in depression) cannot be evaluated in either humans or 
other animals.  
 
A good example is a deficit in a behavioural trait, known as ‘latent inhibition’.  Normally 
subjects (humans or other animals), who have learnt that a buzzer signals nothing 
(‘neutral stimulus’), find it hard to adapt to a change in that contingency (e.g. the same 
buzzer later signals a ‘startling stimulus’). Latent inhibition is impaired in schizophrenics 
with specific genetic mutations (‘endophenotype’) and in rodents after treatment with a 
hallucinogenic drug (e.g. phencyclidine).  In both cases, the impairment is prevented in 
humans and rodents by treatment with antipsychotic drugs.  On the basis of such 
findings, measures of latent inhibition are used in studies of the neurobiology of 
schizophrenia and its treatment.  
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3  CHOOSING THE PROCEDURE 
 
This section suggests factors that should be considered when deciding which behavioural 
procedure is the most appropriate for the proposed research.  These factors are drawn up 
as a series of questions, which also seek confirmation that the use of animals is 
unavoidable and that both the procedures and the experimental design are 3Rs 
compliant.  
 
Most of the points covered in this Section apply to all fields of research, even those that 
do not use animals.  However, because ‘behaviour’ is such a complex response, which can 
be difficult to interpret correctly, there is a need to be especially clear about the nature 
and purpose of the procedure and to be satisfied that it is appropriate for achieving the 
experimental objectives.  
 

If in doubt, consult others who have more experience in the field of behavioural 
research in question. Joining on-line discussion groups could also be helpful. 

 
Ensure that all decisions (from choosing procedures to designing the whole experiment) 
are based on a thorough and critical appraisal of the literature, rather than historical or 
current tradition. It is essential to read the literature that describes the development and 
validation of the procedure you intend to use, even though many of these landmark 
studies are unavailable online. It is sensible to use a procedure that has produced 
consistent findings in more than one laboratory.  Even so, consider whether the use of a 
newly developed procedure would be ethically and scientifically more appropriate than 
the use of a long-established one. A new approach could also provide valuable 
information on factors that can influence behaviour but have not been studied before in 
detail (e.g. see Section 7).  
 
Ideally, an experimental challenge should be ethologically relevant and use naturalistic 
stimuli so as to produce responses that are typical of the animal’s behavioural repertoire.  
These procedures are most likely to relate to analogous experiences in humans (e.g. 
exposure to a novel environment or reward).  
 
Fulfilling this objective is not straightforward partly because laboratory animals are not 
being studied in their natural environment, which could influence the findings.  For 
instance, wild rats and mice have complex, but quite different social systems.  Whereas 
rats prefer social groups, male mice are often highly territorial and aggressive. 
Nevertheless, both species are group housed in the laboratory and their behaviour is 
usually monitored when housed individually (see: Berdoy and Drickammer, 2007).  
 
3.1 How to decide on the procedure  
The best experiments will ensure that all options for developing the 3Rs within the 
protocol have been explored and adopted into the design, whenever possible. Be 
prepared to justify procedures that are regarded as contentious: such as the water 
maze, fear-conditioning (using electric shock) and oral gavage.  Specific procedures are 
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often regarded as the accepted benchmark but always consider the choice of procedure 
afresh, along with the basic scientific principles and ethics. Some important examples are 
given in Tables 1 - 4, which highlight key questions that should be resolved before 
embarking on an experiment to monitor the behaviour of laboratory animals.   

 
Questions to ask and answer before starting the experiment 

Table 1:  General and technical points 

GENERAL 

 Will the findings help to relieve 
suffering in humans or other 
animals? 
 

If not, how important and necessary is the 
study and over what time-scale? 

 Is the choice of procedure influenced 
by a need to comply with published  
work?  

If so, consider whether there is scope for 
modifying the procedure, in line with the 
3Rs (below) to develop a new approach 

 Is this the best time to carry out this 
experiment? 

 

Would it be better to wait for an 
imminent technical advance or for results 
from other ongoing work? 

Would further in vitro testing be useful? 

 Is the procedure used already in your 
laboratory? 

 

If not, who should be approached for 
training and advice during the early stages 
of the project?  
 
Ideally, carry out a pilot study to ensure 
that the findings replicate those from 
other studies/laboratories  
 

 Are the facilities (equipment, rooms, 
expertise of technical staff) state of  
the art for the work? 

 

If not, consider carrying out the work in a 
laboratory that does have appropriate 
facilities 

 Could the procedure be adapted to  
enable the use of a non-rodent  
species instead? 

Consider developing and validating the 
procedure to enable its use in a less 
sentient species 

 Could any extraneous factors affect  
the results? 

Ensure that the test environment and the 
equipment are appropriate for studying 
animal behaviour  
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Table 2:  Is there scope for Replacement?  

REPLACEMENT 

 Is it certain that there is no  
in vitro alternative? 

Check for further information on this, e.g.:  
– NC3Rs (National Centre for the 3Rs  

(UK))  
– FRAME (Fund for the Replacement of 

Animals in Research (UK) 
– ECOPA (European Consensus-Platform 

for Alternatives (EU) 
 

 Is the choice of procedure based on  
a strong scientific rationale?  

 

If not, what is the justification for using the 
procedure? 

 Is there a more direct route to 
reaching human studies (if this is the 
goal)?  

 

– If so, why is the proposed experiment 
necessary and how can it be justified? 

– Would an additional in vitro study help 
to interpret the behavioural results? 

 

 Does the experiment test a specific 
hypothesis?  

 

Is this the most appropriate method to test 
that hypothesis? 

 

 If there is no hypothesis: i.e. there is 
no specific prediction about the 
response to an experimental 
intervention.....    

 

What information will be gained from the 
experiment and what will it add to our 
understanding of the regulation of normal or 
abnormal behaviour, or therapeutics? 

 Will the experiment enable you to 
decide what to do next? 

 

If not, in what other way(s) will the 
conclusion be useful? 

http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.ecopa.eu%2F&ei=TiZAUs6KB6aH0AXZn4HoDg&usg=AFQjCNHqpP98kECRBe2AX8hBCelqUnp7Ig&bvm=bv.52434380,d.d2k
http://www.google.co.uk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fwww.ecopa.eu%2F&ei=TiZAUs6KB6aH0AXZn4HoDg&usg=AFQjCNHqpP98kECRBe2AX8hBCelqUnp7Ig&bvm=bv.52434380,d.d2k
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Table 3:  Is there scope for Refinement?  

REFINEMENT 

 Of all the procedures that could be 
used to meet the research 
objectives, is this the most refined? 

 Does the choice of procedure 
provide the greatest amount of 
information that could help to 
answer the scientific question? 

 

If not, has the procedure been chosen merely 
because it is: 

– the most technically straightforward 
– the one that is used most frequently in 

other laboratories? 
– the most widely cited 
– the cheapest (no need to buy  specialist 

equipment) 
– regulatory restrictions 

 
If any of these is the case, consider revising 
the choice of procedure to resolve any such 
conflict(s)  

 Is there a biomarker that could be 
measured without causing 
additional harm 

Is so, this could ‘add value’ to the findings and 
increase their translational validity  

 Is the procedure the most 
appropriate for studying the 
behaviour, or phase of a 
progressive neurological disorder, 
that is of greatest interest and/or 
relevance to therapeutic 
interventions in humans?  

If not, could this lead to misleading 
conclusions, especially regarding potential for 
translation? 

 Are there any test conditions (e.g. 
husbandry, environment, handling 
protocol) that can be improved 
without affecting the conclusions? 

If so, consider changing factors that would 
reduce any associated suffering and/or 
improve animal welfare  
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Table 4:  Is there scope for Reduction?  

REDUCTION 

 Has the experiment been done 
before? 

 

If so, is the repetition necessary and do the 
objectives justify the use of more animals? 

For instance, is the proposed experimental 
procedure needed to ensure that findings in 
one laboratory can be replicated in another or 
to serve as an active control?  

 

 Have any similar experiments been 
performed previously?  

If so, how will the results increase our 
understanding of the field and is this a 
sufficient advance on previous work? 

 Does the experiment use the best 
(factorial) design that enables the 
maximum amount of information 
and the minimum use of animals? 

Could inclusion of another test factor at this 
stage save having to do another experiment 
later? 

 Has the experimental design been 
checked by a statistician to ensure 
that the planned statistical analysis 
is valid? 

 Have all factors that could 
influence the results been 
considered in the experimental 
design?  

An NC3Rs interactive website is currently 
under development and is scheduled for 
launch early in 2014.  This package is designed 
to facilitate and optimise these processes  

 Would a pilot study help (particularly 
if the experiment has not been done 
before in your laboratory)? 

 Is it feasible to carry out a power 
analysis to estimate the appropriate 
sample size? 

 

Small-scale experiments (pilot studies) can 
provide essential information such as: 
– optimal stimulus intensity  or dose range 
– when to carry out different parts of the 

study (e.g. timing of behavioural 
observations post-dose)  

– likely (and likelihood of) side-effects  
– sample variance (needed for power 

analysis) 
– unforeseen problems with the procedure  
 
But.... bear in mind that there is no way of 
knowing whether the mean and variance of 
data from a small, pilot experiment are typical 
of those from a larger sample  
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4 TRAINING 
 
This section deals with different aspects of training.  The legislative requirements, 
specified in the EU Directive, are covered first.  However, these are merely the generic 
requirements that apply to all aspects of laboratory animal science that are essential, as 
an introduction, to provide a general background to the subject.  Further training will be 
required to ensure that researchers are competent to carry out each specific procedure in 
their experiments.  
 

Successful studies of laboratory animal behaviour need research teams with relevant 
training and competencies 

 
 

It is critically important to ensure that experiments are well designed with full 
implementation of all 3Rs.  This will ensure that the work produces good quality data that 
can be interpreted properly and is sensitive to issues of animal welfare and public 
concern.  This requires competence on the part of everyone in the research team.  As in 
any other field of research, it takes time to acquire competence, a process that needs 
effective training and adequate supervision.  
 
There are many excellent text-books that describe how to evaluate the behaviour of 
laboratory animals when using specific procedures, but these cannot substitute for advice 
from, and discussion with, experienced staff. Ideally, skills in specific methods and 
procedures should be available within your own establishment, but if this is not the case 
then you may need to visit a laboratory where the behavioural procedure of interest is 
already well-established.  
 
Different laboratories may have different (but equally valid) views on which (and how) 
procedure(s) should be used.  In such cases, it will be necessary to make on objective 
decision on which advice takes precedence (and why) in the context of the planned work.   
Always be prepared to seek further advice and revisit laboratories, if necessary, because 
questions/queries often come to light only when trying to set up the procedure in a new 
laboratory setting.  
 
4.1 Legal requirements 
The achievement and maintenance of competence, including the importance of 
supervision in this respect, is central to the EU Directive and UK law. In the context of 
animal work carried out under A(SP)A, there are clear responsibilities on the part of both 
the researchers and the animal care staff to comply with the terms of the work 
authorised and any associated licences (e.g. project and personal licences).  
 
In the UK, formal training of prospective personal and project licensees is delivered 
initially through mandatory attendance of accredited modular training courses (currently 
Modules 1-5, although these may change, see: EC Guidelines5  (in prep)).  However, these 
                                            
5 http://ec.europa.eu/environment/chemicals/lab_animals/pdf/Endorsed_consensus.pdf 
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training modules are brief and provide only an introduction to the ethical, legal and 
practical issues.  They are not designed to produce researchers who are competent in 
the required practical and specialist skills of behavioural science – or any other field of 
research.  After completion of the courses, personnel must therefore go on to acquire 
competence through on-the-job training, under supervision, together with other forms of 
continuous professional development (CPD).    
 
One or more individuals within an establishment6 will have a responsibility to ensure that 
all staff in the establishment are adequately educated and trained and that they are 
supervised until they are competent.  For more details on these requirements and 
responsibilities see: LASA: Guiding Principles for Supervision and Assessment of 
Competence as Required under EU and UK Legislation.    
 

 
There needs to be a clear training protocol for everyone involved in 

each procedure with clear expectations of how competence is defined 
 

 
4.2 Specific training for behavioural studies 
Provision of advice on how to carry out specific procedures is beyond the scope of these 
Guidelines, but some general principles apply to them all.   
 
In addition to proficiency in practical procedures, researchers need to have a sound 
understanding of: 
 

 different types of validity and translatability; 

 how to select the most appropriate procedure to address the scientific questions; 
and 

 the many factors (species, environment etc. as set out in this report) that can 
affect the experimental data. 
 

Probably the most important principle is that correct interpretation of changes in the 
behaviour of animals, following an experimental intervention, rests on a clear 
understanding of what counts as ‘normal’ and ‘abnormal’ behaviour in each species or 
strain (not to mention reflecting on why these behaviours exist at all: i.e. why they have 
evolved). This means that it is essential to become familiar with the spontaneous 
behaviour of experimentally-naïve animals.  

 
The best way to achieve this is first to study recordings of the behaviour of the animals in 
both their home cage and the experimental setting. This is also an opportunity to develop 
a system for scoring different elements of the animals’ behaviour. Ideally, this process 
would be done manually and involve producing a score-sheet as a record (there is no 

                                            
6 e.g. Named Training and Competence Officer (in the UK) 
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substitute for watching the animals).  Also, this process should be carried out using 
records (e.g. video or digital) of past work, rather than rehearsing on animals in vivo.   
 
The next step is to become familiar with the effects of an experimental procedure that 
has well-documented effects on the animals’ behaviour.  As part of this process, ensure 
that there is a clear training protocol for everyone involved in the procedure.  Only 
then, is it appropriate to go on to investigate changes in behaviour following an 
experimental intervention. 
 
 

Seek advice from other researchers, who are experienced in using the 
procedure, as well as care staff, vets, statisticians 
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5 THE ANIMAL  
 
Many factors can affect the behavioural response to a specific experimental intervention 
in animals and can undermine translational validity.  This section considers factors that 
relate to the animal itself: i.e. regards the ‘animal’ as an experimental factor. The topics 
draw attention to many of the variables that could account for individual differences in 
behaviour.  These variables could also help to explain why findings can differ from one 
laboratory to another, even when they all use the same procedure in a standardised 
environment.  

 
Animals are not models of humans 

Mice are not miniature rats 
 

 
When starting a programme of work, it is essential to select the most appropriate animal 
(species/strain/sex/age) to achieve the scientific objectives.  This is particularly important 
in behavioural studies because each species, strain (and even individual animal) can have 
its own behavioural (as well as physical) phenotype.  
 
5.1 The use of outbred versus inbred strains  
It is important to make an informed decision on whether to study an inbred or outbred 
strain because they could express different behavioural responses to a specific 
experimental challenge.   
 
Studies of inbred versus outbred strains each have advantages and disadvantages. When 
a genetic trait (e.g. a specific behavioural response) is the focus of the research it is 
probably advisable to use an inbred strain, which expresses the trait prominently 
(Festing, 2010).  This is not least because this approach will reduce sample variance and 
increase statistical power and so reduce the number of animals used in the study. 
 
When investigating the extent to which strain could influence behaviour, consider starting 
the study by comparing several inbred strains, with ‘strain’ included as a fixed factor in a 
multifactorial design (see also:  Section 5.2 and Section 7). 
 
Note, however, that inbred strains that have been selected to display a particular 
behaviour (e.g. alcohol drinking) that is influenced by several genes (e.g. genes A – H), 
may actually have been selected for only a few (A-C) of those genes.  Other strains, with 
an apparently similar phenotype may have been selected because of variations in 
different genes (e.g. C-F).  Results obtained with the two inbred strains may then give 
quite different conclusions as to the efficacy of a specific drug treatment.  
 
Bear in mind that experimental interventions that have inconsistent effects on different 
inbred strains are unlikely to have strong potential for translation into another species 
(especially humans) unless prompted by a reliable biomarker.  
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By contrast, variation in the behaviour of outbred strains could result in the behaviour of 
interest being masked or confounded by other behaviours (Festing, 2010).  Nevertheless, 
a clear behavioural response to an experimental intervention in an outbred strain is a 
strong indication that the experimental procedure could have translational potential.   
 

 
A database of information on the phenotypes of inbred mouse strains 

(sourced internationally) can be obtained from the  
Jackson Laboratory at www.jax.org/ 

The rat genome database http://rgd.mcw.edu (rats) gives equivalent 
information for different rat strains 

 
 
5.2 Choice of species or strain 
This is an important factor because it cannot be assumed that a behavioural trait in one 
species or strain will generalise to others (e.g. from rats to either humans or mice. See: 
Section 5.1).  For instance, spontaneous motor activity of the C57BL/6J inbred strain of 
mice is greater than that of the sv129ev inbred strain. The latter also have a low ‘ceiling’ 
for motor activity.  The C57BL/6J strain also shows vigorous tail-climbing and so is not 
suited to the Tail Suspension Test, which is used as a preliminary screen for 
antidepressant drugs. It follows that the choice of background strain can confound the 
effects of experimental interventions that affect motor activity or arousal.  
 
For similar reasons, it should be borne in mind that the background strain of genetically-
altered animals can influence the behaviour of interest and even interact with the effects 
of the experimental intervention.  For instance, when mice are placed in the Open Field or 
elevated plus maze, the anxiety-like behaviour of mice with genetic ablation of the NK1 
gene, depends on whether mice are derived from a C57 BL/6J or sv129ev background 
strain. Note, too, that mice from different suppliers may not be genetically identical.  For 
instance, C57BL/6 mice supplied by Harlan have undergone a chromosomal deletion that 
has resulted in the loss of two genes.  
 
Choice of species/strain is also important because the structure of the biological target 
(e.g. an enzyme or a neurotransmitter receptor) in humans can differ substantially from 
the equivalent target in some species/strains, but not others.  These differences can 
influence the magnitude of the behavioural response to drug treatment and its 
translational relevance.  
 
Given the potential for ‘strain’ to determine the behavioural response to an experimental 
treatment, it is worth considering whether it would be advisable to assess routinely the 
effect of the test treatment in more than one strain.    
 
Examples of other factors to consider are: 
 

 In some cases, the choice of species will be constrained by a regulatory 
requirement.  

http://www.jax.org/
http://rgd.mcw.edu/
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 Choice might be restricted by practical criteria.  For instance: 

– It is not advisable to use albino animals, which are usually visually impaired, 
in tasks that rely on visual acuity: e.g. complex learning tasks that require 
animals to respond to visual stimuli in their environment.  

– Similarly, auditory impairment will impair Prepulse Inhibition or Latent 
Inhibition. Age-related impairment will also affect performance in these 
tests.  

– Measurement of pupil diameter is difficult in pigmented strains.  

 The fate of a drug in the body (from its adsorption to elimination:  
‘pharmacokinetics’) can depend on species and strain.  In turn, a difference in 
pharmacokinetics across different species/strains will influence the behavioural 
response to a drug challenge (e.g.  Martignoni et al. 2006). 

 
Space requirements and budget can be relevant considerations as well but it would be 
wrong, both scientifically and ethically, to allow such factors to determine the choice of 
the most appropriate species/strain.  
 
 

Any decision to study a particular species or inbred strain must be 
supported by a rigorous scientific rationale, which makes it clear that 

the scientific objectives are likely to be met 
 

 
5.3 Other sources of variation  

 
5.3.1 Different suppliers  
The behaviour of animals from different suppliers is not always the same, even when 
using the same inbred strain.  The behaviour of different batches of animals from the 
same supplier can also differ.  The source of this variability can be hard to trace not 
least because it can arise for a number of reasons.  For instance, a given supplier does 
not always acquire the animals from the same breeding colony.  Suppliers are also 
likely to combine animals from different litters or social colonies in a single batch for 
delivery.  Spontaneous genetic mutation (genetic drift) is another possibility (see 
review by: Cassellas, 2011) but epigenetic changes (i.e. long-term (life-long?)) 
changes in gene expression, caused by certain environmental stimuli), are more 
likely.  Such factors could include: maternal behaviour, housing or husbandry. For 
instance, different colonies will experience different handling protocols, or the litters 
might be weaned at different ages.  Another example is whether or not animals are 
housed in individually-ventilated cages, which isolate groups of mice and deprive 
them of olfactory or auditory stimuli (see: Section 6.1.2). 
 
Animals’ experience during transportation is another factor which could affect their 
behaviour, irrespective of the time allowed for them to habituate to their new 
environment.  
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5.3.2 Age  
A great deal of behavioural research focuses on sexually mature, young adults.  This 
approach neglects the possibility that young and/or elderly subjects might respond to 
the experimental intervention in different ways.  Age is an important variable to take 
into account, whether in the context of using animals at a particular stage of life (e.g. 
aged animals, as in research on dementia) or as a potential source of variability of the 
data.  For instance:  
 

 Many studies use rats from PND 35-60 until their weight reaches 300 g. The 
exact period of ‘adolescence’ is poorly defined in rodents but is likely to fall 
within this window.  However, many developmental changes occur during 
adolescence and they can affect behaviour and drug responses.  

 Longitudinal studies sometimes involve a continual series of measurements 
of behaviour over a period of several months.  It is important to be certain 
that the same elements of behaviour are being measured at all time points. 

 Some aspects of motivation change with age (e.g. old rats are less easily 
motivated by hunger or thirst).  This can be a problem if gustatory stimuli are 
used to motivate the animals because a reduction in appetite will reduce 
animals’ motivation to perform the task. 

 The sensitivity to pharmacological agents can depend on age. In some 
cases, the response declines as the animals grow older (e.g. the effect of 
cannabinoid receptor antagonists on alcohol preference and food intake of 
mice).  

 The response to a drug can become more vigorous and prolonged as the 
subjects grow older.  This is usually because elimination of drugs from the 
body relies on the liver and/or kidneys and their efficiency deteriorates with 
age.  

 The integrity of the blood-brain barrier is not fully developed in juvenile 
animals and can deteriorate in elderly subjects. In both cases, there will be 
greater penetration of the brain by drugs that are normally prevented from 
reaching the brain by this physiological ‘filter’. 

Also, it should be recognised that when using procedures that involve many months 
of animal training, they may be near the end of their life-span at the time of testing. 
It is important to consider whether conclusions from such studies might not be valid 
for younger animals.  
 
5.3.3 Size 
Body mass (and volume) can be an important variable for many reasons. For 
example:  
 

 Body volume can affect the likelihood of intercepting light-beams in activity 
cages. 
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 Regional blood flow and the size of the fat store will affect the rate of 
redistribution of lipid-soluble drugs between the plasma and brain and, as a 
consequence, the behavioural response.  

The body mass of genetically-altered mice sometimes differs from that of their 
wildtype.  In such cases, it is important to decide whether drugs should be tested in 
animals of the same age (i.e. adjusting the dose to correct for the difference in 
weight) or of the same weight (i.e. using the same dose, but testing mice of different 
ages).   
 
Whichever of these two factors is the most important will depend on the objectives 
of the experiment, but mass is normally regarded as the fixed factor. 
 
5.3.4 Sex  
The behavioural repertoire, physiology, pharmacology and biochemistry of male and 
females differ in all species.   
 
The variability arising from cyclic changes in the behaviour of females (during the 
oestrous cycle) is often used to justify studying only male subjects.  This approach 
reduces the number of animals that need to be studied in order to reach a firm 
conclusion but there are a number of factors to consider when deciding whether it is 
justified to study only males: 
 

 Given that treatments for the majority of human disorders are intended to 
be effective in both sexes, it is worth considering whether the behavioural 
changes in laboratory animals should be monitored in both males and 
females (see: Section 2). 

 Several disorders are more prevalent in one sex than the other (e.g. 
Attention Deficit Hyperactivity Disorder (ADHD) is more common in males 
but depression and anxiety are more common in females). These differences 
could give important clues to their causation and/or prevention. Yet, most 
experiments use sexually mature, adolescent males (see: Section  5.3.2). 

 Studying both sexes reduces the waste of (unstudied) animals and cost of 
maintaining the breeding colonies.  

 Take account of the possibility that using the same apparatus to study both 
males and females could affect the behaviour of both sexes.    

More information on the scientific implications of sex differences in behavioural 
studies, together with common misconceptions in this field, has been reviewed by 
McCarthy et al (2012). 
 

 
Consider the extent to which the animals to be studied can be 

regarded as analogous to the target human population in terms of 
age, sex, stage of development..... 
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6 THE ENVIRONMENT  
 
The ways in which differences in the environment of experimental animals can affect 
their behaviour are unlimited.  This section describes some well-documented examples.  
It would be impossible to control for all such sources of variation, but the researcher 
needs to decide which, if any, should be standardised across all experiments so as to 
eliminate it as a factor that could confound interpretation of the results.  
 

The experiment starts at the moment the animal is conceived  
and the researcher is part of the environment 

 
 
In behavioural tests, the environment is a source of many experimental variables and so it 
is important to be aware of its impact on the animal’s lifetime experience - not just at the 
point of collecting the data.  
 
As in humans, factors that affect adult behaviour range from subject-related factors, such 
as early life experience (e.g. a change of littermates) to a change in the laboratory 
environment (e.g. building noise, or the smell of perfume or paint). 
  
Consider whether standardising the environment would improve the quality of the data.  
On the other hand, consider whether behaviours that are evident only when the 
environment is stringently controlled are likely to be interesting or important in a 
translational context. The advantages of carrying out an experiment in a stringently 
controlled environment (e.g. a sound-proofed box) must be compared with those arising 
from the alternative design in which there is negligible standardisation of environment. It 
could be argued that only behaviours expressed under the latter condition (a ‘naturalistic 
environment’) are likely to have strong translational potential.  
 
Do not assume that collaboration with another research group justifies animals travelling 
from one establishment to another. Ideally, the research should be performed on one 
site.  Certification of animals as fit to travel does not by itself imply that the travel is 
ethically acceptable. If travel is justified, then it should not be a permanent arrangement 
or involve a large numbers of animals. 
 
If the experiment involves adjusting the environment appreciably, for example by 
imposing 24 h darkness or a reduced ambient temperature, it is advisable to consider the 
long-term consequences of such a change before carrying out further experimental 
procedures that are intended to affect behaviour. 
 
Examples of common environmental confounders are described below.  In all cases, 
objective and systematic welfare assessments should be developed to ensure that any 
behavioural differences, due to extraneous environmental factors, are identified and 
eliminated at an early stage.   
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But....it is important to consider whether behavioural changes that are 
evident only when animals are tested in a stringently controlled 

environment are likely to have translational relevance 
 
 
6.1 Housing  
Housing can have a major influence on animal behaviour and welfare.  After weaning, the 
social hierarchies that develop in different cages can determine animal behaviour and 
cognition (e.g. Fitchett et al., 2005).  The extent of this influence will depend on the 
species and strain of animal.  For instance, the effects of social isolation on the behaviour 
of adult animals that are highly territorial (e.g. male mice) will differ from those that live 
in social groups (e.g. rats). 
 
Differences in the behaviour of genetically-altered and wildtype mice, derived from 
separate, inbred homozygote colonies, could arise from differences in the maternal 
behaviour of the two strains.  Conversely, a difference in interactions with littermates 
could well lead to differences in the behaviour of homozygote adults bred from 
heterozygote littermates versus homozygote inbred strains. 
 
In fact, the early experiences of laboratory animals, especially mice and rats, are now 
being manipulated deliberately in the laboratory. These procedures usually involve 
imposing some form of stress (e.g. maternal separation).  Such stimuli cause long-term 
disruption of the behavioural and hormonal phenotype that could help to explain 
behavioural disorders in human adults (e.g. impaired cognition or vulnerability to 
psychiatric disorders associated with stress, such as anxiety and depression). 
 
 

Be aware of the provenance of each subject and regard ‘litter’ (which 
affects the influence of genetic and early-life experiences on behaviour) 

as an experimental factor 
 
 

6.1.1 Stocking density  
Litter size and composition affects nutritional status and interaction with the mother.  
This variability can be resolved by culling pups to standardise the number of offspring 
in each litter.  If the intention is to study only males, then the females are culled after 
weaning as a matter of routine.  However, this practice needs to take into account 
the ethical burden of overbreeding.  
 
Some experiments need subjects to be housed singly, despite evidence that 
separation of rats from their conspecifics, even if only for a short period, is stressful 
and will affect their behaviour.  As a consequence, social isolation is a welfare issue 
that should always be questioned and avoided, if possible.  
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6.1.2 Cage environment  
 

 Environmental enrichment  
 Although enriching the animals environment (cage/pen) benefits their 

welfare, there is concern that a lack of standardisation of environmental 
enrichment increases the variance of a wide range of physiological and 
behavioural measures (Simpson & Kelly, 2012).  

 
 The type of enrichment needs careful consideration.  For instance, a running 

wheel would not be appropriate for an animal equipped for EEG monitoring, 
which will make them vulnerable to snagging and physical harm. 

 
 Given the importance of environmental enrichment to animal welfare, these 

concerns about variability are best addressed by ensuring enrichment items 
are standardised across all groups of subjects (and experiments), rather 
than by withholding enrichment altogether.  

 

 The position of the cage in the rack  
 This will affect light exposure, which can influence behaviour (e.g. in studies 

of the effects of light entrainment of circadian rhythms).  Consider whether 
the position of the home-cage should be rotated through the rack, or remain 
constant, especially in studies of behaviours that are influenced by light 
intensity.  

 

 Bedding material 
 Appropriate bedding offers a form of enrichment that is easy to instigate 

(e.g. using bedding that mice can use to make nests).  For reasons that are 
not understood, mice and rats express a preference for wood shavings, over 
wood chips (Kirchner et al., 2012), and corncob bedding inhibits 
reproductive behaviour and increases aggression in rats.  Also, animals’ 
behaviour is more consistent when they have adapted to their new bedding 
after their cages have been cleaned: i.e. when territorial scents have been 
re-established. 

 

 Individually ventilated cages (IVCs) 
 IVCs are being used increasingly commonly for the breeding and 

maintenance of laboratory rodents because each cage is microbiologically 
isolated. This minimises the risk of infection in the colony and the exposure 
of humans to laboratory animal allergens (LAAs). Also, cage-change 
frequency can be reduced.  This is thought to have beneficial effects for the 
well-being of rodents (Burn and Mason, 2008), with no measurable effects 
on micro-environmental conditions, health or behaviour of mice (Hawkins et 
al, 2003; Rosenbaum et al, 2009).  
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Mice need time to adapt to the environment in an IVC rack but breeding 
performance is either the same as, or better than, in open-cage systems.  This is also 
true for animals moved to open-cage systems and could be due to factors such as a 
change in background noise (Tsai, et al, 2002).  Little is known about the effects of 
housing in IVCs on behaviour, but this should be considered as a possibility. For 
instance, most rodent behavioural testing is performed outside the home-cage, 
usually in an open (non-IVC) environment: it cannot be assumed that the behaviour 
of the animals will be unaffected by acclimatization to their new surroundings.  
 
6.1.3 Facility environment 
Many environmental factors in the holding unit (e.g. temperature, humidity) are 
stringently controlled, but others are not (e.g. noise, olfactory stimuli and personnel 
who come into contact with the animals).  Any change in the animals’ environment 
can affect their behaviour.  
 
This source of variation should be taken into account when moving animals between 
holding and procedure rooms, or when there are changes in husbandry routine or 
animal care staff/personnel carrying out procedures. The influence of such 
extraneous factors on behaviour might need to be assessed separately. 
 

 Olfactory stimuli (e.g. from a predator species)  
 These are an obvious source of variability, especially in multi-use procedure 

rooms.  The disturbance to olfaction arising from cage cleaning is another 
factor to consider.  These stimuli can emanate from staff themselves: e.g. 
through soaps, perfumes or contact with other animals (especially 
predators) at home and can be carried on clothes.    

 

 Noise 
 Noise in the environment affects animals’ behaviour, which can be a 

problem (e.g. File and Fernandes, 1994). Carrying out experiments in 
individually-ventilated, sound-proofed enclosures helps to ensure that 
animals are not stressed or distracted.  However, this approach risks 
studying behaviours that are evident only in a low-stress, soundproof 
environment and so are not relevant to human day-to-day experiences.   

 
 Some electrical equipment (including electronic cameras) can emit at 

ultrasonic frequencies, which cannot be detected by humans.  Ultrasonic 
vocalisation is common in rodents and the frequency of emission depends 
on whether the animal is experiencing pleasurable or aversive stimuli (Lahvis 
et al., 2011).  However, emissions in the region of 20 kHz are within the 
range for an alarm signal for mice and rats.    

 

 Light 
 Light intensity is a major factor that can affect behaviour and, if too great, 

can even provoke retinal degeneration.  This is particularly important for 
mice, which (like rats) are most active at dusk and dawn.  Be aware that it 
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needs only a 2-3 min burst of light during the dark-phase to reset the 
circadian clock.   

 
6.2 Habituation versus sensitisation to the test environment 
Some experiments start by repeatedly exposing the animals to the test environment so as 
to produce habituation.  The aim is to prevent an acute behavioural response, following 
transfer to the novel environment, which could confound the results of the study.  
However, it is important to consider whether the animals could become sensitized to the 
environmental stimuli instead. For instance, the behavioural response can increase 
(through sensitization) rather than diminish (through habituation) after repeated 
exposure to a stressful environment. 
 
Factors that can determine whether animals habituate or become sensitized include: the 
type of stimulus; its intensity; and the inter-stimulus interval.  Whether or not 
habituation or sensitization has developed cannot be assumed and must be determined 
empirically (e.g. by measuring secretion of stress hormones). 
 
 

Be aware of, and control for, environmental stimuli that could affect 
animals’ spontaneous behaviour, especially if these stimuli could 
modify the response to the experimental challenge.  

 Ensure that everyone who works with the animals is aware of 
environmental factors that could influence animal behaviour, in all 
relevant settings 

 Consider whether the behavioural changes that are evident only 
when animals are tested in a stringently controlled environment 
are likely to have translational relevance  

 Do not assume that animals develop behavioural habituation 
when they are exposed repeatedly to the test environment  
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7 THE EXPERIMENT AND ANALYSIS OF THE DATA 

This final section suggests precautions that can be built into an experimental design so as 
to prevent any subjective or systematic bias in the data.  Overlapping with this, is the 
need to ensure that the experimental design is suitable for the planned statistical 
comparisons, including ways of dealing with problems that could arise from repeated 
testing of the same subjects. Finally, there is a warning that a specific change in behaviour 
could have many underlying causes and that it is essential to be cautious when 
interpreting the cause(s) and consequence(s) of any change in animal behaviour.  
 

The only truly ‘negative’ result is one that emerges from an experiment  
that was flawed, either through its design or execution 

 
 
 
7.1 The first step 
Seek advice from a statistician about the design of the experiment: i.e., before carrying 
out the work.  This will ensure that there is a clear plan for the analysis of the data and 
that the results that emerge from the study are amenable to the planned statistical 
analysis. Part of this process is to establish that the number of animals to be used is 
adequate to reach a firm conclusion, but does not exceed that needed to reveal statistical 
significance. Essential elements of the design of experiments using animals and options 
for analysing the data are described in Festing et al., (2002) and Bate & Clark (in press). 
 
7.2 Control group(s)  
All experiments need at least one control group, which serves as a ‘baseline’ to help 
interpret the effects of the experimental factor(s).  However, what counts as a control 
group (e.g. genetic wildtype, handled, vehicle-injected, sham-operated,) depends on the 
purpose and context of the experiment.  Even an injection of saline, or anaesthesia, 
changes the behaviour of rodents in ways that can interact with, and even mask, the 
response to the test treatment. The influence of such effects can also depend on 
expertise of the researcher, who could even be considered as a variable factor in the 
experiment.  
 
Sometimes, more than one control group is needed.  For instance, it might be necessary 
to establish whether or not the stress of an injection has modified the behavioural 
response to the injection of a test drug.  This can be done by including a procedural 
control, which is a group of subjects that has not experienced any experimental 
intervention (e.g. no vehicle injection: ‘naïve control’).  
 
In general, repetition of experiments should be avoided. However, if it is uncertain that 
there will be a response to the experimental intervention (treatment A), it is essential to 
include a group that serves as a positive control (treatment B, which is similar to 
treatment A, but is known already to induce the behavioural response of interest).  This 
will help to confirm that any lack of a response to treatment A is not explained by a fault 
in the design or execution of the experiment.  
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Do not assume that, because Treatment B has always/never produced a response in the 
past there is no need to include this group as a matter of routine:  contemporaneous 
control group(s) are always essential. 
 
Although increasing the number of groups to control for different experimental factors 
increases the number of animals used in the experiment, this approach enables more 
detailed interpretation of the findings and so could reduce the need for further 
experiments later on.  
 
7.3  Basic practicalities that help to ensure a successful experiment 

 

 Start with a relevant, well-established protocol and confirm that this can be 
replicated in your laboratory.  

 Knowing the experimental group to which an animal has been assigned can 
influence an observers’ score.  To avoid this bias, ensure that the experiment is 
carried out ‘blind’: i.e. the researcher is unaware of the treatment (e.g. 
genotype, vehicle/drug dose, surgery/anaesthesia) given to each of the animals, 
especially if the scoring is to be carried out manually (by observation). 

 Look out for atypical results that seem to emerge only when certain researchers 
are carrying out the experiment. The cause of this anomaly might be untraceable 
but could be due to any number of factors, such as olfactory, visual, or aural 
stimuli that affect the animals’ behaviour.  In such cases, it will be necessary to 
decide who would be the best person to complete the work.   

 Check the consistency of the behavioural measures, especially when scoring is 
done manually. Test this by ensuring that scores by individuals can be replicated 
by other members of the team and also that a given individual produces 
consistent scores.  This will ensure that everyone involved in the experiment is 
using the same criteria: (e.g. the proportion of the animals’ body has to enter an 
open arm of an elevated plus-maze to count as an ‘entry’).  A standard error of 
less than 5% of the mean score is normally regarded as the accepted criterion for 
‘reliable’. 

 Check the consistency of scores whether collected mechanically or 
electronically.  Unless the output is checked against a manual score, it is easy to 
be unaware that an automated device is counting additional (irrelevant) 
behaviours, or not counting important ones.  This can happen because:   

– the apparatus was not designed for the purpose for which it is being used; 

– the design does not exclude irrelevant movements;  

– the designers decided not to include them; or 

– the researchers are not clear about what is being measured.   

 Note that automated behavioural scoring should merely aid the process of 
collecting data. It should not substitute for watching the animals.  Observing 
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the animals’ behaviour during the experiment will provide assurance about their 
welfare and could reveal behaviours of potential scientific interest that would 
otherwise be missed.   

 Consider all the factors that could influence the behaviour being measured, 
especially if the results differ from those obtained by other laboratories. In 
particular, watch out for floor effects (i.e. the behaviour is already close to the 
minimum before the experimental intervention) or ceiling effects (i.e. the 
behaviour is already close to the maximum before the experimental 
intervention) by ensuring that bidirectional changes in behaviour are possible.  

 Consider the possibility that the animal might become bored during prolonged 
or repeated procedures and take account of any consequences of that change in 
mental state on the behaviour of interest. 

 To ensure valid evaluation of changes in behaviour after an experimental 
intervention, ensure that the behaviour of interest is the same at baseline (pre-
intervention) across all groups.  

 Validate routinely the consistency of any experimental intervention (e.g. extent 
and location of surgery/lesion) that is intended to affect the behaviour of 
interest.  

 Do not assume that the behaviour of interest is the only one to be affected by 
the experimental intervention. Monitor as many aspects of the behaviour as 
possible to ensure that other changes are not confounding the results.  For 
example, in the Open Field, a reduction in locomotor activity can arise because 
there is an increase in another, mutually exclusive behaviour: e.g. grooming or 
rearing.  

 Bear in mind that some procedures, which are apparently extremely simple and 
straightforward, produce results that are ambiguous and difficult to interpret. 
Again, the Open Field is a good example because a change in locomotor activity 
could be attributed to a change in motor behaviour, anxiety-like behaviour 
(explosive running or freezing), sedation, muscle relaxation......  

 If it is uncertain what counts as biologically significant behaviour, ask an expert 
in the field. 

 Be flexible: if the original hypothesis is not upheld, it will be necessary to 
abandon or redesign the project – but that might take you to more interesting 
scientific territory.  

 
Many ground-breaking findings have emerged from experiments that 

did not produce the predicted results 
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7.4 The sequence of test treatments and controls 
Normally, all fixed factors in the experiment (i.e. the factors that are predetermined, such 
as genotype or drug dose) must be fully randomised across all the subjects. This is 
necessary to ensure that there is no systematic bias in the results arising from, for 
instance, a change in the researcher, animal husbandry, batch of test drug....   
 
There are some circumstances in which a different approach might be adopted, 
especially if it is not possible to test all the subjects simultaneously.  For instance, when 
comparing the effects of a range of drug doses on the behaviour of a mutant mouse and 
its wildtype, it might be helpful to evaluate the effects of a single treatment on the 
behaviour of pairs of the two genotypes, simultaneously. This will reduce the influence of 
nuisance factors when comparing the two genotypes. The other experimental factors 
(e.g. drug dose) should then be either randomised or counter-balanced according to a 
predetermined sequence, with the different treatments being given consecutively.     
 
Ad hoc selection of animals from their home-cage for each test treatment will not 
produce a randomisation assignment to different treatment groups.  This is because mice 
displaying high avoidance behaviour are more likely to escape handling by the researcher, 
whereas others (with low avoidance behaviour) will be caught more easily. 
 

 
There are several approaches to randomisation.   

 Use the RAND function in Excel  

 (see: http://spreadsheets.about.com) 

 Assign each mouse a number as it appears in sequence in the 
number, π (3.142....) 

 Use the random number sequence generator to be found at 
www.random.org/sequences/ 

 
 
7.5  Retesting the animals 
When studying the behaviour of animals over a prolonged period, ensure that the 
method used to identify individual subjects will last long enough (i.e. do not use marker-
pens for long-term experiments).  Also, consider (and check, if necessary) whether the 
chosen identification procedure could affect behaviour (e.g. distal phalanx removal). 
 

7.5.1  Retesting in the same behavioural procedure  
 

 This approach can produce high quality data because each subject acts as its 
own control.  Repeated testing of the same animals’ behavioural responses 
to different experimental challenges has the added advantage of reducing 
the number of animals needed for the study. 
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 Bear in mind that habituation or sensitization to the test environment (see: 
Section 7.4) and learning can modify the animals’ behavioural response on 
repeated experience of the procedure.  The inclusion of a group of naïve 
(untreated) subjects is essential to control for these changes. 

 Taking a series of measurements from the same animal, or increasing the 
duration of a study, could increase the cumulative ‘harm’.  Justification for 
this approach has to balance the harm to the animals against the increase in 
the number of animals that would be needed if each was tested only once. 

 If the animals have been trained or tested under one set of conditions (e.g. 
whilst under the influence of a test drug) it is important to establish whether 
state-dependence has developed: i.e. animals’ performance is maintained 
only when the drug is present, regardless of its pharmacological effects.  This 
can be ascertained by counterbalancing control and test groups during the 
training and testing phases of the experiment (see: Table 5). State-
dependence can develop with any environmental stimulus, not just drugs.  
For instance, in humans the presence and type of background music affects 
recall in a memory task (Balch et al., 1993).  

 

 Table 5: Controlling for state-dependency 
 

Subject Group Training Testing 

1 Vehicle Vehicle 

2 Vehicle Drug 

3 Drug Vehicle 

4 Drug Drug 

 
 
7.5.2  Testing animals in a battery of procedures 
If the animals are to be tested in a series of different procedures, it is important to 
consider whether this could increase cumulative harm (see:  Section 2).  Bear in mind 
that this might not always be the case because some procedures might not be 
distressing or harmful in any way. For instance, some involve rewarding the animals, 
or placing them in an environment that they find more interesting than their home 
cage.  
 
There could also be carry-over effects from one procedure to another that cause 
long-lasting changes in the animals’ behaviour. If this is the case, then the sequence 
of tests will influence the results. 
   
It is generally agreed that it is best to carry out the test that causes the least 
discomfort first in order to minimise the influence of any carry-over effects on 
behaviour. However, if all the procedures are regarded as equal severity, a 
counterbalanced, blocked design might be more appropriate.   
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7.6 When to test the animals 
Procedural variables can affect animals’ behaviour and influence their expectations - 
especially those that depend on time of day: e.g. the regime for cage-cleaning and 
general husbandry.  
 
These can be especially problematic when the clock is adjusted for daylight-saving, or 
during public holidays and weekends, when there are changes in the routine for feeding 
and cleaning, as well as general background activity. 
 
If it is decided to carry out the measurements at a fixed time each day, it could be helpful 
to carry out a pilot experiment to check whether the behaviour is the same when 
collected at a different time of day. If not, then time-of-day should be regarded as 
another experimental fixed factor. 
 
Such a difference could be explained by any of a number of factors, such as: 
 

 The time since the animals last ate, which will be especially important if the 
behaviour of interest is driven by appetitive reward.   

 Sleep deprivation (if the procedure is carried out in the light phase).   

 Circadian fluctuations in behaviour (see below).  

 
7.7 Reversed lighting schedule for rats and mice?  
Changes in behaviour that depend on time of day are well-documented: notably, 
locomotor activity.  This experimental factor is especially important because rodents are 
nocturnal and so are most active during the human dark-phase. For this reason, some 
laboratories monitor the behaviour of rodents that have been housed on a reversed 
lighting schedule.  Measurements are taken during their dark phase (the human light 
phase), when they are most aroused.  
 
This approach has the additional advantage of preventing the animals from becoming 
sleep-deprived, which can affect their behaviour.  Nevertheless, it can be difficult, if not 
impossible, to ensure that the animals’ exposure to the reversed light / dark cycle is 
maintained throughout all stages of the experiment.  Even a brief pulse of light (c 3 min) 
during the animals’ dark phase will disrupt their circadian rhythms.  
 
In any case, extraneous environmental noise during the human day (the animals’ 
subjective night), such as heating or ventilation systems switching on/off or staff arriving 
at, or leaving, the unit can still act as a zeitgeber and disrupt the experiment. 
 
Another problem is that a reversed lighting schedule requires the experimental 
procedure, observation and recording of the animals’ behaviour to be carried out in red 
light.  Whereas some strains of mice are blind to short-wavelength red light, there are 
photoreceptors that respond to red light of longer wavelengths.  These activate neuronal 
pathways, which project to brain regions that influence behaviour (Delwig et al., 2012).  
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Finally, consider the possibility that an experimental procedure that could disrupt 
animals’ circadian rhythms, could also cause secondary changes in behaviour that affect 
the controls/test groups of animals in different ways.   
 
7.8 Statistical analysis of the data   
Advice on the statistical tests that should be used to analyse data from experiments of 
different designs is beyond the scope of these Guidelines but there are many textbooks 
on this subject, some of which are listed at the end of this section.  
  
There are also several software packages that offer a wide range of statistical tests. A 
comparison of the functionality of several statistical software packages has been 
published recently (Clark et al., 2012).   
 
7.9 Forming conclusions: some final precautions 
Check that other useful findings have been considered too - or whether the conclusions 
are based only the results of direct relevance to the hypothesis.  
 
Appraise the evidence to ensure that ALL the behavioural changes support the 
hypothesis, and not merely those of interest.  
 
Consider the possibility that a change in the behaviour that is of greatest interest is a 
secondary consequence of the experimental intervention.  If so, this process might need 
further experimental investigation. Some well-known examples include:   
 

 The genetic mutation has physiological consequences that indirectly disrupts 
behaviour (e.g. impairs motor function or memory).   

 Some procedures can cause pain, amnesia or sedation.  All these actions will 
affect other behaviours, especially those that involve movement.  Such factors 
need to be eliminated as confounders by incorporating appropriate controls into 
the experimental design.  

 Drugs that have been administered systemically will affect peripheral systems 
first (e.g. by causing a change in blood pressure).  Check whether a peripheral 
response could contribute to the behavioural response. 

 Some aspects of animals’ behaviour are mutually exclusive, such as locomotor 
activity and vegetative behaviours (e.g. grooming).  An increase in one of these 
behaviours could be an indirect consequence of a reduction in the other.  (See 
also: Section 7.4). 

 Animals’ motivation to respond in operant procedures that are shaped by 
gustatory reward will be affected by drug-induced changes in appetite (as in the 
use of food or sucrose solution in procedures for evaluating cognitive 
performance).  

 Some forms of drug vehicle can affect behaviour (e.g. polyethylene glycol). 
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It is also important to consider whether the magnitude of the response is large enough to 
have an appreciable effect in humans? If not, is the finding likely to have translational 
relevance? Consider using statistical (‘effect size’) analyses that provide an objective 
evaluation of whether the magnitude of the response is large enough to be ‘real’. 

But, bear in mind that the importance of a response of given magnitude depends on 
context. For instance, a reduction of 5% in a behavioural measure such as food intake 
might be biologically interesting but is functionally negligible. By contrast, in terms of 
accuracy or attention whilst driving, a reduction of this magnitude would be worrying.   

Do not assume that a parallel change in two measurements implies that they are causally 
linked. It is possible that they are both induced, independently, by a third, common 
factor. A statistically significant correlation between two measures offers stronger 
evidence for (but still not proof of) a causal link. However, this type of analysis needs a 
large number of data points (>50), which would be hard to justify.  Small samples should 
not be used in this way because individual (extreme) points distort the analysis, and 
suggest a statistically significant correlation when none exists. (See:  Salmon and Stanford 
1992; Stanford and Salmon, 1993;   

Finally, consider whether anything useful can be learned from the results that do not 
support the hypothesis.  Although often regarded as ‘negative’ results, these findings still 
enhance the scientific knowledge-base and merit publication.  This is not least because it 
is important to prevent others from repeating an experiment that has turned out to be 
less interesting than expected. But failure to find an outcome predicted from an 
established hypothesis challenges that hypothesis and can inspire a new one. That is what 
science is about!  
 
 

Beware of an interpretation of behavioural changes that relies on 
anthropomorphic assumptions 
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