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Abstract

Behavioural animal experimentation is an inseparable part of research trying to understand the
biological underpinnings of human behaviour, diseases and disorders. Working with animals
comes with great responsibility to achieve reliable and reproducible results of highest scientific
quality. In a simple step-by-step fashion, we highlight some common issues that may occur
along the path to conducting behavioural animal experimentations and posit some solutions
and grounds to ensure the excellence of work done in this research area while aspiring to
improve conditions for laboratory animals. It entails topics of study design, animal and experi-
menter welfare, experimental considerations and frequentist biostatistics. At the end, we direct
to some guidelines and manuals that may prove valuable to researchers in this field. Our ten
simple tips and traps are meant for students who are learning about important concepts for the
first time; graduates whose statistics training all too often has neglected the concept of power in
experimental design; and researches who would like a light-hearted refresher on these topics.
With this perspective, we hope that you will avoid falling into traps and find answers to what
you always wanted to know about conducting behavioural animal experimentation.

Summation

• In this perspective, you will be introduced to some conspicuous ups and downs that you
may experience while doing behavioural animal experimentation.

• Through a ten-step footpath, we attempt to give you a standpoint on what could be of
potential importance, and how to render your best behavioural animal experiment while
providing most optimal conditions for the laboratory animals.

Perspectives

• We are still far from abandoning use of animals; therefore, we must strive to optimise and
refine animal welfare, while continuously improving the quality of our experiments to
advance translatability of animal models and replicability of results.

• Conducting an ideal behavioural animal experimentation does not only lean on the
animals but also the experimenters. Know yourself very well and be prepared.

• Having a good knowledge of biostatistics could be a key to successful behavioural animal
experimentation.

Introduction

Look into themirror.What stares back at you?A reflection of a human silhouette or something beyond
that, which is more personified? For centuries humans have been preoccupied with the question ‘who
am I?’, a seemingly simple question we are still grappling to define. Our identity and personality are
hugely shaped by our behaviours and we have some evidence that our brain is involved in governing
these behaviours. But questions still remain unanswered. What has shaped your behaviour? What
controls it? And what will happen if these controls are broken? Can they be fixed?

As human beings, we are naturally drawn to studies of the brain and how it is involved in our
decision-making processes and behaviours since these are vital parts of our daily lives. However,
getting to grips with the intricacy of how the brain works to shape behaviours is also essential for
improving human health and well-being. Causal manipulations of the brain are important for
the characterisation of its functions, yet invasive methods have only limited applicability in human
research due to ethical concerns.

https://doi.org/10.1017/neu.2022.4 Published online by Cambridge University Press

https://www.cambridge.org/neu
https://doi.org/10.1017/neu.2022.4
mailto:ares@clin.au.dk
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5151-8702
https://orcid.org/0000-0003-3952-5608
https://orcid.org/0000-0001-5754-6651
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/neu.2022.4&domain=pdf
https://doi.org/10.1017/neu.2022.4


The importance of animals in research is highlighted by the
fact that animals have been a vital part of work done by the major-
ity of Nobel laureates inmedicine or physiology, ranging from Ivan
Pavlov in 1904 (the father of classical conditioning) to Tinbergen,
von Frisch and Lorenz in 1973 (founders of ethology) and more
recently to Moser, Moser and O’Keefe in 2014 (neurobiology of
spatial navigation). Through such works, behavioural animal
experimentation has provided a strong foundation for generating
knowledge that is considered to be of great benefit to all human-
kind and has shifted our view of scientific paradigms.

Studies in comparative or translational behavioural neurosci-
ence encompass studying an animal’s response, interaction and
adaptation inside an experimental assay while aiming to elucidate
the underlying biological mechanisms. This embraces both mod-
elling human symptoms and conditions in animals as well as
studying innate behaviours because we interpret distinct behav-
iours as evolutionarily adaptive traits.

Working with animals comes with great responsibility and
requires respect for the animals as living beings. International
and national ethics commissions have implemented legal directives
to protect animal use in science and researchers must adhere to the
3R strategy where animals are only used in an experiment if there is
no alternative. Therefore, researchers do their best to substitute
research on animals if possible and try to use alternative investiga-
tive methods where applicable (Replacement); attempt to improve
experimental conditions for animals andmitigate any pain, distress
or discomfort that might be due to the experiment (Refinement);
and finally endeavour to decrease the number of animals used
in the study or gain more data from the same number of animals
(Reduction). Researchers have an important moral responsibility
to ensure highest standard of animal welfare – not only due
to legal requirements but also because the welfare of our animals
influences the quality of our research.

The quality of animal experimentation is of utmost importance
to the researcher and is limited by the degree of translatability to
the human condition. Some fields of animal experimentation have
suffered a bad reputation in terms of generating information that is
poorly translated to humans, and therefore, doubt has been cast on
the merit and utility of this field (Pound et al., 2004). Main issues
include poor efficacy of pharmaceuticals in humans after encour-
aging animal model data or lack of ability to replicate animal stud-
ies (O’Collins et al., 2006; Belzung, 2014; Garner, 2014). Suggested
solutions to the issues raised encourage researchers to have a
higher awareness of all modalities in their experiments, covering
study design, animal management, reporting and improved statis-
tical practices (Ioannidis, 2005; Garner, 2014; Aarts et al., 2015).
Ultimately, when working with animals we have to ensure that
our studies are conducted with consideration for all possible
aspects of the study, while also weighing the ethical elements.

Our goal is to advance the quality and replicability of work done
in the field while aspiring to improve conditions for laboratory ani-
mals and the experimenter. Because the merit of our research will
be evaluated by our statistical analyses, it is an advantage to ensure
to design and conduct the studies so the basis for drawing high-
quality interferences is in place. For example, be aware that there
are always four possible outcomes to your upcoming study (Fig. 1).
Therefore, we have collected and highlighted some important tips
and traps at every step of a pathway to conduct animal experimen-
tation (see map in Fig. 2).

All roads may lead to Rome, but not all roads are safe. Our goal
is to guide the reader on a path to conducting high-quality
research, travelling through neighbourhoods of biostatistics,

quality data and animal welfare. On our suggested path we have
ten stops along the way, where we preinform the traveller of some
of the traps and suggest some helpful tips to ease the journey. We
have designed it for students learning concepts for the first time,
graduate students and researchers venturing into new research
areas, and those who would like a light-hearted refresher. Our
topics are broad to target the audience in behavioural animal
experimentation, but some in-depth descriptions and discussions
are suggested at the end. The route and the ten stops we suggest are
conservative, it may not be the most direct path, and many alter-
native routes exist; however, it is a path that is well-travelled and
well-illuminated. Let’s get going.

Stop 1: Start by defining focused hypotheses, for your
own sake!

Our first stop includes the tip to ‘start off with a focused hypoth-
esis’. Focused hypotheses are the torches that light up your road
toward answering the questions on which your study will be built.
Generating hypotheses upfront and based on a solid theoretical
framework will dramatically help you to plan ahead. A hypothesis
can be focused (often used in a confirmatory study) or it can be
broad ‘are there any differences?’ (hypothesis-generating study).

Sticking to a simple, focused hypothesis instead of a broad one
will enable you to estimate your sample size effectively, develop
contingency plans, design each step of your research project in
great detail and collect data more responsibly. Additionally, sim-
pler, confirmatory studies have the advantage that they can help
establish scientific findings as replicable.

Hypothesis-generating studies do not start off with a focused
hypothesis and often employ a ‘shot-gun’ approach, investigating
multiple, diverse targets simultaneously. The main drawback to
hypothesis-generating studies is that they lack the statistical power
to provide confidence in the results, they could however be fol-
lowed up by confirmatory studies. The advantage of hypothesis-
generating studies is that they are important for gaining informa-
tion on variables of interest andmodel parameters, prior to design-
ing a confirmatory study. In that sense, hypothesis-generating
studies are intimately linked to hypothesis confirming studies
(Biesecker, 2013). Even in a hypothesis-driven study, it is perfectly
acceptable to explore and report secondary findings as long as it is
explicitly noted that they are indeed exploratory and their statisti-
cal limitations are discussed (more about this at stop 8). Therefore,
a study can be based on a primary hypothesis and report explor-
ative secondary findings.

Avoid ‘hypothesizing after the results are known’ (HARKing),
which means you formulate your hypothesis after you have seen
the results. HARKing is a malpractice that may lead to theories
based on false findings (e.g. type I errors as mentioned in Fig. 1
(Kerr, 1998; Brian Haynes, 2006)). Once published, such false-pos-
itive findings may prove hard to eradicate and waste enormous
amounts of research resources. Therefore, the scientific costs of
HARKing probably outweigh its benefits, and additionally, it can-
not be of help to you if you should find yourself feeling lost at any
time while you are conducting the animal study. HARKing can be
avoided by pre-registering your study (Biesecker, 2013) (as sug-
gested at stop 9), where you demonstrate that your hypotheses
were indeed determined prior to data collection.

If your study is taking unexpected turns and you have lost your
way, your hypothesis acts as your beacon. It reminds you why you
are doing the study and the importance of finishing it – regardless
of whether your hypothesis later on proves to be right or wrong.
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This simple tip might be undervalued, but it is a fundamental pre-
requisite to continue our path to the upcoming stops 2, 3 and 4. So,
always keep in mind that it is perfectly fine if your results do
not support your initial hypotheses; that is why the hypotheses
are called ‘a priori’ and need to be rigorously tested through
experimentation.

Stop 2: Should animals be used to assess the hypothesis?

This stop ismost relevant for students and early-career researchers,
but it is nevertheless a prudent exercise to continuously reflect

on this question. We stopped at ‘define your hypothesis’ before
‘should you use animals?’, simply because once you have estab-
lished your hypothesis, you will have an easier time deciding
whether a behavioural animal experiment is even suitable for its
investigation and whether you should pursue this research field.

If you have already established that animals are necessary to
study your hypothesis let’s move on to the fact that ethics is very
important to researchers in animal experimentation. Scientists are
Human! Humans are filled with passion, empathy, emotion and
ambition. They do care and that’s why they have chosen to put
the majority of their lives into exploring trajectories for a better

Fig. 1. Four possible outcomes to a study.
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life and pushing the human race forward. Nevertheless, since
experimental animals may experience stress, pain and discom-
fort, scientists are constantly faced with the dilemma of striving
to find an intervention to improve human well-being, but with
the cost to the living animal. How much pain, suffering and dis-
tress of experimental animals should be allowed when con-
ducting research? Fortunately, frameworks to which you can
always refer when planning experiments were constructed more
than 50 years ago, such as the 3Rs. So here is another fact; sci-
entists do their best to replace research on animals whenever
possible and use animals only if there is no alternative. Thus,
they ensure to reduce the number of animals used in a study
and refine the methods to alleviate the discomfort to the animals
(Percie du Sert et al., 2020). Also, animal studies go through a
harm-benefit analysis, so only animal studies that generate valu-
able new information are approved.

Animals are called for in several types of studies. We still do not
have adequate knowledge of all the interactions, components and
pathways involved in computing a symptom or behaviour, so we
are still far from in silico. Additionally, cells, organs and biologi-
cal systems are surprisingly interconnected; thus, cell culture
studies (though applicable and constructive) can hardly justify
the superfluity of animal research. In vivo behavioural studies
sustain the very elaborate interconnectivity of different organs.
Furthermore, with animals, you have the ability to explore bio-
logical phenomena concurrently, parallel to or even after
observing behaviour in a controlled milieu. This makes behav-
ioural animal studies the kernel for the transference of in vitro/
ex vivo and in vivo research to human applications (Homberg
et al., 2021).

If experiments on living laboratory animals are indispensable
and cannot be substituted to clarify your hypothesis, carrying
out the experiment in the best possible way is a must. As the next
step, you need to assess yourself (next stop, number 3) and

search literature that explores and describes translatability
and back-translatability (how humans behave in the animal
assays) of your chosen animal model (at stop number 4). So, let’s
move on.

Stop 3: Yourself – can you do it?

Before reaching the point of no return on your path to embarking
on a scientific career in animal behaviour, it will be wise to weigh
both the pros and cons of this line of work. Assess early on whether
your personality fits well with this line of research and whether you
have ‘got what it takes’ to conduct and complete the work with
animals.

Patience is an important skill you need to have. Expect to have
to wait for your protocol to be ethically approved, which can take
an unpredictable amount of time, so you may end up postponing
experiments. Additionally, behavioural animal experiments are
generally very time-consuming and require a lot of patience, dili-
gence and the stamina of a horse. You may spend hours and hours
handling your animals to habituate them to you and conduct
extensive training that requires daily sessions for an extended
period of time (yes, also on holidays and weekends!). You may
work alone in a cellar without windows as behavioural tests are
sensitive to the presence of other people or environmental factors
(see under stop 6). The circadian rhythm of your animal may be
different from yours, which can involve working during non-work-
ing hours. Often this work is not conducted in ergonomically com-
fortable positions and you may also feel the physical load of your
work at the end of the day. Don’t let this discourage you, but just be
aware that this is part of the job under some circumstances and that
it is usually time-limited.

This work also requires that you will spend a large portion of
your time in direct contact with the animals, and considering your
own health is a top priority. Allergies are very unpleasant, can

Fig. 2. Our suggested route and stops to behavioural animal experimentation.
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develop spontaneously and may gradually worsen over time.
Masks are often used for the prevention or alleviation of allergy
symptoms but may be uncomfortable or impractical when inter-
acting with animals for longer periods. Check and follow the
safety procedures in your laboratory. Clear guidelines should
be available and consider whether you will want to engage in
work of for example, zoonotic diseases and other risk hazards
if you are pregnant or immunodeficient.

Our tip is that the work with animals will be a lot more reward-
ing if you have a genuine interest in interacting with the animals
and concern for their well-being. In general, this type of work has
several advantages; you work away from a typical office setting dur-
ing the periods of your experiment and two days are rarely the
same. Although the animals are not your pets, it is very satisfying
to follow their progress, for example, to see them gradually become
more comfortable around you. Maybe they can even be hand-fed
small rewards or they automatically search for you when you
approach them because they have learned you feed them snacks
(you are nice!). Since your success is partly dependent on the suc-
cess of the animals (they are indeed your most valued collabora-
tors!), it is very rewarding when this joint partnership comes to
fruition. For example, in the form of animals demonstrating they
have successfully mastered a training paradigm.

One very crucial step to consider is whether you have the ability
to end an animal experiment yourself and try it hands-on. Youmay
have spent hours with each animal, and it may seem cruel to end an
experiment. However, with your hypothesis in place (stop 1), and
clear reasoning as to why it is important to use animals in your
study (stop 2), this should make it more tolerable to you. This work
is never going to get easy. Even though your experienced colleagues
can make it look cushy, don’t make the mistake of believing it is an
undemanding chore for them. It is rarely a sustainable solution to
make others do this part of the experiment for you if you are plan-
ning to conduct behavioural studies as a career. We believe that
being able to finish the work you have started allows you to better
preserve a touch of reality and use it, for example, to reflect harder
about the necessity of a study before you initiate it. Learning how to
do it is indeed a gradual process, that falls under some of the
immense preparation work involved in conducting this type of
study (covered at stop number 6).

If your answer is yes to the question raised in the above headline
and you meet all the above-mentioned criteria, it is time to jump to
our next stop.

Stop 4: Choose your animal, intervention, and
behavioural assays with great care

It is super important to keep in mind that this tip represents the
majority of the planning stage of your study and bad choices
may cause irreparable detriments to your behavioural experi-
ment. Hence, gathering adequate knowledge of models, inter-
ventions, and assays is imperative to design a rigorous study
and you should expect to spend a lot of time studying before
starting a study. This part of your study design is highly
field-dependent and we suggest finding relevant systematic
reviews andmeta-analyses and discussing them thoroughly with
your supervisor(s) and co-workers. Some of the overall topics to
pay attention to are described below.

Choosing an appropriate model or animal can be a game-
changer and carefully consider choice of species, strain, and sex,
and whether to use induced models (e.g., pharmacological,
mechanical or environmental), spontaneous models, transgenic

models, negative models, or orphan models (Poindron et al., 2008).
Based on your formulated hypotheses you should choose your
animal model wisely and expect to do a lot of research on it.
It is highly recommended to always consider whether the animal
model you have chosen is the best to put your hypotheses to test
(Box 1). If you conduct translational neuroscience, remember
that a single animal model rarely represents the whole disease
or disorder. Instead, an animal model could be considered a
model to study certain pathology or symptoms of a disease.

Get to know any drugs and vehicles you are working with like
the back of your hand, knowing the physicochemical properties of
your experimental compound can help you do your study excel-
lently. With drugs that are tricky to be dissolved, think long and
hard about what you can do to ensure successful administration
and achieve meaningful and ethical data. Check whether other for-
mulations of your drug are available (e.g. clinically approved for-
mulations), or whether it is better to replace the drug or use
another administration route (more examples in Box 1).

Being informed and critical will also help you when you decide
on your experimental assay. When conducting several tests in a
combined behavioural battery design, remember that previous
experiment(s) might have a protracted impact and in some way
affect the outcome of the following assays, so always consider
carry-over effects (Blokland et al., 2012) (See examples in
Box 1). It is generally advised to perform the most stressful test
as the last test and rest animals in between tests (Crawley, 2007).
Try to be as knowledgeable as possible regarding the tests you
are about to carry out and challenge yourself as to whether
you can improve anything. Be aware that if you plan to later
study the brain itself, a stressful behaviour test may confound
your findings.

Also, be aware that one experimental assay may have a com-
pletely different paradigm when another animal model or inter-
vention is used than the one originally intended (see example in
Box 1). It is strongly advised to keep the choice of animal model,
intervention, and assay procedures constant and standardised to
avoid variations in results (more about this at stop number 6).
Themethod section in scientific journals is rarely very comprehen-
sive, so if your goal is to replicate work from another lab, don’t hesi-
tate to contact the authors right off the bat and ask about every
detail on an animal model, intervention and assay during your
preparation.

Basically, to generate valuable knowledge it is essential to design
your experiments so the animal model, intervention, and assay
come together in the most meaningful way. In a nutshell, you have
to be aware of the nuts and bolts of every step of your experiment.

Stop 5: Pay attention to what the animals are telling you

Remember that your animals did not enter your study with
informed consent. Animals cannot speak for themselves directly,
and they cannot leave the study whenever they want to. Hence,
treat them respectfully, handle them gently and make an effort
to try to understand their behaviour and beware of what that
behaviour is telling you.

During the period where you introduce yourself to the animals,
why not give them a thorough physical check-up? Basically, you act
as their doctor and systematically check for gross abnormalities
in both sensory and motor function, and make sure animals
appear to be healthy (bodyweight, fur coat and state of teeth
can be checked daily!). Find great guidelines with suggestions
on how to assess the general health of laboratory rodents in
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the literature (Crawley, 2007). An example to imagine how rel-
evant this is could be Pavlov’s auditory-conditioned training of
dogs. Dogs were trained to associate the sound of a bell with
food, once fully trained the sound alone would make the dogs
drool. Now imagine if a dog was deaf to begin with, that dog
would have to be eliminated from the study after several months
of hard work. By assessing the general health of the animals
beforehand (such as their hearing or vision), you can eliminate
the risk of conducting a long-term study only to realise later that
some animals had an abnormality, became outliers and had to be
excluded from your data. Having to exclude animals after data

collection unfortunately also makes you lose power in your
experiment (more about that at our 8th stop). Therefore, by
making the effort of assessing the general health of your animals
before you conduct an experiment, you can avoid the use of ani-
mals in vain and save time.

Keep an eye on the animals’ well-being and welfare continu-
ously to ensure that you abide by the humane endpoints.
Checking your animals daily also allows you to keep track of
whether animals always have adequate water, chow and whether
their ventilation system is working. This may seem a bit trivial,
but even a short-duration change in either of these vital factors

Box 1. Some important factors to consider when planning your study

Model/Animal

– If you work with a chemically induced lesion in the brain that is representative of the final stages of a neurodegenerative disease, could it tell you
anything about the early stages and the aetiology of the disease?

– If a specific strain of an animal is more resistant/sensitive to stress, which one should be used to induce a model representing human stress-
induced disorder, for example early life adversity?

– Drugmetabolism is sex-dependent; so can you generalise the findings of a dose-response study performed only on one sex of animals to the target
population? (external validity)

– Consider the ethology of your model: for example, the choice of using nocturnal or diurnal animals to model mood disorders.

Intervention

– Some drugs cannot be administered via a special route of administration and you should always consider the bioavailability if you want to convert
between iv., ip., icv., sc., or po.

– Knowing your drug’s storage condition and stability, its physicochemical properties (such as photosensitivity, stability, viscosity, solubility, pH,
colour, rheology), as well as its pharmacology, potential toxicity and pharmacokinetics is essential for ensuring meaningful administration to an
animal without causing adverse effects such as irritation or pain.

– For injections – do you use fresh syringes and needles for each animal (and accept the loss of drug in dead space) or do you reuse (limited amount
of drug, accept the risk of carry-over unknowns that could cause inflammation)

– Some compoundsmight be of safety concerns to yourself (e.g. carcinogenic, corrosive) and need special care while working with them or disposing
leftover material, so always read the datasheet before you start working with new drugs and compounds.

Experimental Assay

– Always consider whether a combination of assays may provide basis for carry-over effect in a behavioural battery.
Consider whether combining two in an unfortunate way can provide basis for false positives.
An example is the combination of two commonly used tests of depression-like behaviour, for example sweet-tasting gustatory preference test
(anhedonia: consumes less sweets) and forced swim test (despair: floats more). If animals are first given cookies (in a test of anhedonia) and then
shortly after placed in the forced swim test (test of behavioural despair), the group of animals that consumed fewer cookies (the anhedonic ones),
could have less energy and therefore float more in the swim test, simply because of their lower caloric intake, and not due to ‘despair’. This
principle also applies to the opposite test order; consider whether animals that were more active and spent more energy in a swim test, may
eat more cookies if they are given the opportunity right after swimming. The caloric intake and energy metabolism therefore could become con-
founding factors of the results.

– With experimental designs that use ‘between-groups’ comparisons (e.g. animals receive either treatment or vehicle, never both): consider whether
it is possible to obtain a baseline of behaviour or biological specimen before the actual intervention is conducted, to ensure treatment effects only
became apparent after the treatment (i.e. are not due to unfortunate randomisation).

Combinations

– Consider whether an assay paradigm changes if you switch species, sex, or age. For example, the natural social structure differs for rats and mice.
Mice are suggested to bemore aggressive towards conspecifics than rats (Ellenbroek and Youn, 2016). This could affect the interpretation of social
behaviour assays.

– Gustatory discriminatory tests are typically used to assess anhedonia. However, if you work with a model with an impaired sense of taste or
intervention that alters the senses involved in taste, this assay may instead have become a criterion of successful manipulation of the animal
model rather than a test of anhedonia. Similarly, a drug may have adverse effects such as polydipsia (i.e. induce excessive thirst), which also
affects any readout based on drinking solutions.

– Locomotor-based tests (like forced swim test) need to be well-analysed to avoid anymisinterpretation. If you do experiments that infer changes in
energy metabolism and compare groups that have different muscular mass/strength, body fat content, sex, and age, etc. remember to interpret
results with this caveat in mind.
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may dramatically alter your results. So you would want to know all
the details, first-hand, if an unfortunate event like that ever
happened!

Once you have started your study, note down any unspecific
effects. Preclinical studies often investigate novel drugs, of which
little is known. For example, you may notice the paws of treated
animals are colder than those of animals not treated with this drug,
or that a novel mouse strain always makes right-sided turns.
Although the consequence of this finding may be unknown at
the time of discovery, it is a good idea to report it for later analysis
and comparison.

Stop 6: Preparation! Preparation! Preparation!

It is mandatory to take courses on laboratory animal sciences
before you start working with live animals. However, youmay have
to learn behavioural assays that are specific to your workplace. For
this purpose, it is so important to develop a very detailed, step-by-
step protocol and include all materials needed. To get you started,
consult other official guidelines, for example the PREPARE guide-
lines developed by Norecopa (Smith et al., 2018), which consists of

a short checklist and accompanying webpage to help you think of
things ahead of your experiment. Don’t forget to also look at the
ARRIVE guidelines, that were developed to put emphasis on
reporting in animal experimental design, as this also helps during
the planning stage (du Sert et al., 2020).

When you are writing your own protocol, try to write it as com-
plete as possible and think of everything ahead. Visualise how you
are going to execute the experiment in advance and put in as many
details as you can think of. The better you prepare, the readier you
are if any unexpected incidents occur. If you are in doubt about
anything, do ask your peers or supervisors. Ask someone with rel-
evant experience to go over your protocol at least once for a critical
appraisal.

However, knowing a behavioural test in theory is not enough,
and you have to get involved practically to understand any caveats
that may come up. Next, you do hands-on training before the
commencement of an actual study. Co-op with a peer you trust
and learn their methods to handle animals, conduct the exper-
imental assay, and other practical issues of relevance (such as
training a specific route of administration, step-wise learning
how to finish an experiment). If you are setting up a new assay
in your lab, peer-reviewed scientific video journals are
extremely valuable (see Box 5). Develop the habit of jotting
everything down while you receive training and occasionally
pause in between to check up if you are on the right track
and perform sanity checks. Ask for help whenever needed
and whenever you think that it may improve the outcome of
your study – no questions are too stupid!

The preparation part is also where you consider all possible
instances that can influence your behavioural experiment and
ensure quality data. Always consider circumstances from the ani-
mals’ perspectives; they probably have a different sense of vision,
hearing, smell and tactile stimuli, and therefore, things that seem
negligible to youmay have a profound impact on the animals. Take
a close look at Box 2, which lists some important, commonly
reported causes of variations in studies. Be aware that they might
vary slightly from field to field within animal experimentation, but
the important take-home message here is to try to keep all factors
consistent every time you repeat an experiment. This is simply
because unintentional changes in these small details may eventu-
ally lead you to reject your study post hoc if you didn’t succeed in
replicating prior results (more about that at stop number 9).

Because you want to ensure that your experimental conditions
are consistent every time you conduct the experiment, there are
some golden tips you must follow every time you enter a behaviou-
ral facility: Many animals have stronger senses than humans, so
keep noise level way down and don’t make conversations with col-
leagues, unless you are sure no one is running experiments. Avoid
emitting strong odours, such as perfumes or garlic, as these may
linger in the room long after you leave and potentially disturb a
colleagues’ experiment. Make sure both your experimental equip-
ment and the room are clean when you start any experiment and
also sweep the room and empty the garbage bins! The last things
you want inside your room are unintended odour cues (e.g. poop
or tissues used to wipe away urine), which could come from differ-
ent species, strains, or sexes. Therefore, if several people are run-
ning experiments at the same time, schedule timeslots with each
other so that no one disturbs each other’s experiment unintention-
ally. Also, consider how you clean equipment between animals.
Alcohol may eliminate odour cues but if ventilation is not efficient,
it may be a very overwhelming experience to animals and cause
them to respond differently.

Box 2. Examples of causes of variation

Examples of biological variation include differences in:

– age
– sex
– strain (background strain and number of back-crossings)
– species
– colony (vendor or in-house breeding)
– hormones (oestrous cycle and corticosterone level)

Experimental variation includes, but is not limited to, changes in:

– handling/no handling and which experimenter(s) interact with
the animals

– diet, water
– housing (number of animals, enrichment, etc.)
– experimental conditions (temperature, humidity, light, etc.)
– acclimatisation period to facility and rooms before the experiment
– time of day, or time of year (due to hormones and other rhythmic

activities in the facility of which you may (not) be aware of)
– variation in equipment used for behavioural assay
– the method chosen to clean equipment between animals
– noise, smell/scents, or other potential disturbances from adjacent

rooms
– details about the specimen, its preparation, and storage, for

example, transplantation or surgery

Sources of variations in outcome variable:

– tracking of behaviour: different manual methods or automated
– scoring behaviour: different manual methods or automated
– dichotomising continuous variables and differences in binning

(e.g. splitting animals into responders/non-responders based on
a mean or median. For a discussion on disadvantages on such
procedures, see (Lazic, 2018)).

Make sure to report such factors (see the ARRIVE guidelines) in
your publication to permit replicability

246 Shokouh Arjmand et al.

https://doi.org/10.1017/neu.2022.4 Published online by Cambridge University Press

https://doi.org/10.1017/neu.2022.4


As described in all the official guidelines (PREPARE,
ARRIVE) always (always!) randomise your animals to both treat-
ments and the order in which you test the animals (e.g. either
completely randomised or randomised block design (Festing,
2020)). This is a crucial measure to avoid bias and confounding
factors, such as circadian rhythm and biological/experimental
variabilities. There may be factors in your study design that
you expect will affect the variation, but that you are not interested
in studying, such as body weight, age, litter, locomotor activity.
Here it may be an advantage to stratify your groups/treatments
within blocks according to these variables (for visual explanation,
see randomised block design in (Festing, 2020) or Roslin Institute
videos on randomisation techniques (Box 5)).Other options are
to include them as cofactors in the statistical analysis or make
sure to clearly state that the results are interpreted with this caveat
in mind.

To become a good, unbiased observer, always keep an open
mind and conduct all stages of your study as blinded as possible.
This means, try to be blinded to experimental groups and

treatments (if you can), so that you will remain unaware of which
animals had what treatments until your data analysis is completely
finished. Remember that nature has its own rules and things are
not necessarily the way you expect them to be. So, keep searching
for evidence with an unbiased mind and observe meticulously,
then you may discover true and novel findings.

Finally, only start when you are confident that you can elegantly
perform a behavioural animal study without inflicting stress or
other unintentional discomforts on the animals due to being a nov-
ice. The next step is to carry out a pilot study of the experiment you
want to do.

Stop 7: And then prepare some more: conduct a pilot
study before your real experiment!

Experiments done on a low scale at first can simulate conditions of
your real experiment, provide you with a first-hand idea of the
parameters in your experiment and the effect size (See Box 3 for

Box 3. Effect sizes and p-values

Effect size can be unstandardised (e.g. the mean difference between two groups, keeps the variable unit) or standardised (unitless).
Standardised effect sizes havemany names for example, Cohen’s d, correlational constant r, eta partial squared ηp2, etc. As an example, Cohen’s d is
the number of standard deviations two means are apart from each other and shown below for two independent groups:

Cohen’s d can have both positive and negative values (this indicates the direction of the effect compared to the control), the further away from 0 the
stronger the effect, whereas close to 0 means any effect is more likely to be unimportant. Because Cohen’s d can be biased with small sample sizes,
Hedge’s g is an unbiased alternative that uses a weighted SD instead of a pooled SD, but the principle is similar. (Read more about some of the
common effect sizes, how they are calculated and how they compare to each other here (Lakens, 2013).)

Standardised effect size gives you a number that tells you how big of a difference you found between your groups. The size of the p-value is not useful
for this purpose, for example, you might be excited to get a really, really low p-value like p= 0.0000000001. However, you almost never know if you
operate under a reality where H0 or H1 is true (as shown in Fig. 1), and your very low p-value could be a false-positive finding. In fact, if H0 is true in
the real world, p= 0.0000000001 is just as probable as p= 0.049 or p= 0.88. (See the distribution of P-values when H0 is true in the Carlin cartoon
(Fig. 3).) Thus, a lower p-value does not necessarily mean that you had a stronger effect, and in that sense, p-values can fool you.
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definition of effect size) and you will always learn a lot from them.
Therefore, it is essential to carry out a pilot study before you con-
duct your actual experiment.

Your pilot study could often be a replication or extension of
either amethod ormodel, derived from the literature or some work
already carried out in your laboratory. Different terms have been
coined to describe ‘types of replication’; for example, direct repli-
cation (exact or similar study) or quasi (conceptual) replication
(where one switches out the species or tries a different assay to
demonstrate the same paradigm). For your first experiment, it is

a good idea to start off with as direct replication as possible and
leave conceptual replication for later on.

When you are ready to analyse your pilot data, remember to pay
particular attention to any potential deviant-behaving animals
before you unblind yourself and look at the data. Once you have
plotted your pilot data, do not remove outliers, don’t use an outlier
test and don’t remove data just because they are further away from
the mean. This is a pilot study and you are going to repeat it with
proper power and sample size. Your pilot study is intended to pro-
vide you with invaluable information on how your animals truly

Box 4. Helpful tips for sample size calculations

Many statistics programmes can perform sample size calculations. An example is G * Power, which is a free programme that estimates sample size
based on standardised effect size, alpha, and power.

Perform the sample size calculation according to the test you plan to use

– Standard effect sizes are convertible. Basically, if you have calculated partial eta squared, or omega squared from a one-way ANOVA, you can
convert it into, for example, Cohen’s d to calculate sample size for a t-test and vice-versa (instructions on how to calculate effects sizes and use
them in G * Power (Lakens, 2013). For two-way ANOVA interactions, consider what type of interaction you expect and whether it is practically
feasible to power correctly (Giner-Sorella, 2018).

Estimate the effect size of your primary aim

– For sample size calculations, you calculate based on the minimum effect size you are interested in detecting. If you have no clue of the effect of
what you are about to investigate, using Cohen’s famous benchmarks could be an option, for example, ’strong effect’: r> 0.5 or Cohen’s d> 0.8,
but note that such effects sizes are low in animal research, which operates on homogenous animals from strictly controlled environments. It can be
based on practical significance, theoretical predictions, or limitation of resources, but you have probably conducted one or more pilot studies that
can help you narrow down the effect size. If you’re lucky, a publication or meta-analysis can help. Just remember that published results may be
subjected to p-hacking and publication bias, and you may have to adjust the effect size slightly closer to 0 to account for this. There will usually
be uncertainties about what the true effect size is, so this is a difficult step.

Define your desired alpha and power level

– Youmay want higher power for experiments that are hard to conduct, to make sure you don’t miss out on an effect if there really is one. If you are
doing multiple comparisons, adjusting alpha accordingly could be relevant.

Adjust your sample size accordingly to the attrition rate

– Problems ensuring proper drug delivery, surgeries, inability to learn a required training programme, etc. are some examples of factors that may
lead to dropouts of animals before your experiment is finalised. Make sure to supplement the calculated sample size if dropouts are expected.

Keep it simple

– As listed in stop 1, we suggest to keep a focused hypothesis and power your study towards your primary aim. Because you power your study
according to this specific effect, your study will have high power to detect the interesting effect, low power for other effects. Since the 3R rec-
ommends ‘getting as much information per animal as possible’, it is not uncommon to see study designs where researchers look for several
interactions. Interactions are where you investigate if your variable is dependent on several factors. For example, whether a drug (vs. vehicle)
affects gene ‘Supermouse’ differently in a disease model versus (vs. control mouse). This is a ‘drug×animal_model’ factorial design, where the aim
is to find the interaction (e.g. the treatment worked differently in the disease model than the control model). You could potentially also be inter-
ested in whether this gene ‘Supermouse’ was differently regulated in one brain region versus another and you would have a three-way interaction
‘drug×animal_model×brain_region’. However, every time you add an interaction, you risk a loss of power, especially with ordinal interactions
(Giner-Sorella, 2018). By focusing on one main aim with sufficient power level you’re in a good position to confirm/reject your main hypothesis,
and you can still report all other findings as explorative and discuss their limitations.

Optional stopping can be p-hacking

– An example of optional stopping is: A researcher notices a trend in one study and decides to repeat the study over and over, pooling subjects from
all experiments until the trend reaches statistical significance. Instead of performing a study with an a priori determined sample size, the sample
size was determined on results from interim analyses and pooled as if it all came from one experiment. Statistically, this malpractice will eventually
lead to significant findings just by chance, and optional stopping inflates false-positive findings if not properly adjusted for.
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behave. In your next (complete) study, there will likely also be ani-
mals that behave differently from the mean. You desperately need
that raw effect size that you just generated because it will take this
inherent variation into account when you calculate the sample size
needed for your main study. By removing outliers after you are
unblinded to your pilot data, you will only make it harder for your-
self to replicate your own study.

You can compare the standard effect sizes every time you do a
study and replication (like a forest plot), and it will give you a clue
as to whether your effect is reliably detected, something that
p-values don’t offer. Because they are standardised units, they
are useful to compare the size of an effect between your studies
or for comparison to other labs. An example of an unstandar-
dised effect size is the percent difference in outcome with treat-
ment versus vehicle, which may be more difficult to use for
comparison between experiments and labs. That is why you
mainly find standardised effect sizes in meta-analyses. Also,
standardised effect sizes are a core part of doing an a priori
sample size analysis for your real study.

Once this is settled, let’s go to stop 8 and find out why this is so
critical.

Stop 8: Know your power

Why is this important? The statistical power of an experiment is
your probability of obtaining a significant result (for that specific
effect) when your hypothesis is indeed correct. If you designed a
study with a power of 80%, this means that on average, you only
have an 80% chance of finding an effect (‘a significant p-value’) –
even though there actually is one (e.g. a true positive, see Fig. 1).

Yes!What this means is that even though a biological phenomenon
exists (even though H1 is true), your ability to demonstrate it in a
study, is not a given. This is because there will always be random
noise in your data; after all, your sample is only a fraction of the
entire population in the universe and there will probably be some
imprecisions in your method. The power of your study depends on
the size of the difference you look for with variation (e.g. effect
size), alpha level and the number of animals per group. The higher
your sample size, the greater power you will obtain. The greater the
difference (effect size), the fewer animals you will need to obtain a
given power.

The generic recommended minimum power of an experiment
is 80%, but the higher it is, the better your chances of demonstrat-
ing an effect. It is important to realise, that even with 80% power,
you have a 20% chance of missing out on finding a significant
effect that is present (this is called a type II error, see Fig. 1).
Therefore, the lower the power, the higher the chance of a type
II error. Unfortunately, recent meta-analyses show an abyssal
median power in published studies within neuroscience of 21%
(Button et al., 2013) and less than 50% in studies of animal behav-
iour (Jennions and Møller, 2003). For two commonly used cog-
nitive-behavioural rodent tests (Morris water maze and radial
arm maze), it was 18% and 31%, respectively (Button et al.,
2013). 21% power basically means there is only a 1:5 chance of
demonstrating a phenomenon: On average, you would have to
redo the entire experiment five times to demonstrate one signifi-
cant result, even though there indeed is an effect (H1 is true). This
also means that in four out of five studies; time, money, labour,
and animals are wasted on studies that are unable to detect the
true underlying effect.

Box 5. Helpful links and resources

1. Check guidelines already when planning your study such as PREPARE (Smith et al., 2018) and https://norecopa.no/PREPARE
2. Checklist for when you are ready to report data ARRIVE (du Sert et al., 2020) and https://arriveguidelines.org/
3. Find recommendations on how to report your data with this guideline (Michel et al., 2020)
4. The book ‘What’s wrong with my laboratory mouse?’ is good at every step of planning and conducting animal experiments with both rats and

mice (Crawley, 2007)
5. Videos that explain concepts of animal study designs are found on YouTube from The Roslin Institute – Training, find channel ‘Introduction to

Experimental Design’ (The Roslin Institue - Training, 2016)
6. A free tool to randomise anything – for example your list of animals: www.random.org/lists
7. Pre-register animal studies:

– The Animal Study Registry (Bert et al., 2019) (https://www.animalstudyregistry.org/asr_web/index.action,
– CAMARADES Systematic review and meta-analysis on preclinical studies, http://syrf.org.uk/
– Center for Open Sciences pre-register (https://www.cos.io/initiatives/prereg)

8. Peer-reviewed scientific video journals:
– JoVe (https://www.jove.com), more recent open-access video journals are being established (e.g. http://www.videojournalofbio

medicalscience.com/).
9. Help on statistics:

– Daniël Lackens free course on statistical inference and common misunderstandings on the p-value (for beginners and experienced alike):
https://www.coursera.org/learn/statistical-inferences/home/welcome

– His excel templates for calculating different effect sizes Calculating_Effect_Sizes.xlsx; from_R2D2.xlsx for converting between effect size
families and accompanying article (Lakens, 2013) can be found on the open science platform: https://osf.io/vbdah/.

10. Blog post that explains considerations for powering an interaction in a two-way ANOVA experiment (Giner-Sorella, 2018).
11. Discussions on how to increase power while reducing animal use:

– Frequentist approaches, simple tips that can be included in any animal study design and may help to increase power (Lazic, 2018).
– Bayesian approach, omit using control animals and rely on historical data (Bonapersona et al., 2021).
– Suggestion of best method when conducting multi-batch studies (though not behaviour) (Karp et al., 2020).
– Conducting animal studies more like human studies, where variation is preserved (Garner, 2014).
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The problems with conducting low-powered studies also entail
other issues. The effect size obtained from them will be less precise
(wider distribution) and often inflated (which means we risk over-
estimating the effectiveness of our treatment or model) (Button
et al., 2013). Significant results from under-powered studies are
more likely to be a false-positive than a true positive (Christley,
2010). But even worse, low power tends to be propagated across
future studies because future studies are based on the effect sizes
from published studies (Ioannidis, 2005; Button et al., 2013).
Therefore, performing studies with low power have very little
informational value (they are basically just noise) which raises seri-
ous ethical concerns in animal studies.

Hopefully, you will see why a thorough understanding of the
concepts of power, sample size calculation and effect size must
become a key prerequisite for animal research. Not all departments
have a statistician available, but decisions on whether or not to ini-
tiate a study need to be made on a very frequent basis; therefore, it
might be unrealistic to have to pay for outside statistical counsel-
ling. Some advice on the procedure and factors worth considering
are given in Box 4 and we recommend taking a course, if you are
not already familiar with performing a priori sample size calcula-
tions (See Box 5 for our suggestion to a free online Coursera course
in English).

Now that you see why this simple tip is so crucial, start
obtaining a greater signal-to-noise ratio in your hypothesis testing
and avoid type II errors.

Stop 9: Be prepared that your study might fail

Once you have completed your pilot study, made a sample size cal-
culation on appropriate power for your real experiment and
decided on methods, it is ideal to pre-register your real study. If
you are worried about competitors snatching your ideas, be
relieved to find that pre-registering can be done without disclosing
your detailed research plans for up to 5 years on The Animal Study
Registry (Bert et al., 2019). Note that this has to be done before you
start collecting any data from subjects in your study. Hopefully,
your real study goes as planned and you see your effect repeated
in a properly designed study. However, we think it is a piece of
good advice to warn you upfront about the possibility that your
study might fail and why.

Recall that since the power of your study is most likely below
100%, you might not get the expected result purely because of
variation in your data and methodological imprecisions.
Replicating a published study, or conducting your own study twice,
with both having 80% power, there is only a 0.8 * 0.8= 0.64= 64%
chance that you get a significant result in both studies. Remember
that this applies even if your hypothesis is correct (H1 is true) and
both experiments were conducted completely as intended.
Statistics is a tricky business, so it might bring peace of mind to
remember to account for this little fact before jumping to conclu-
sions that ‘this experiment didn’t work because of X or Y (Box 2)’,
or rejecting your hypothesis prematurely. Use the effect sizes gen-
erated in all of your different studies to try to narrow down the true
effect size for your next study.

If your study had strong power to detect your specific effect
(where the type II error is unlikely) and enough experiments have
been conducted to convince you that you are not trying to replicate a
false-positive finding (the type I error is unlikely), then it may be
relevant to dig into your data and explore whether some biological
or experimental variability could account for the inability to
replicate. This includes everything from animal strains, colonies,

sex, age, time of day, noise and smells present during the experi-
ment as already mentioned in Box 2. This can reveal intriguing
facts about your model, intervention or assay, that may revolu-
tionise the field so these are very important to also take into
account. Remember though your study was powered to a specific
effect and may have low power to detect other effects. Therefore,
when you try to analyse for spurious findings post hoc, you are
performing explorative and probably under-powered hypothe-
sis-generating analyses. Before you can establish that these are
in fact the reasons for the inability to replicate, a study may be
designed with the appropriate power to specifically test these
new hypotheses.

With these tips in mind, you may be thinking: ‘why go through
the bother of replicating if I can’t even be sure that I will get the
same result?’The fact is, to start finding out whether our significant
results are true positives or false positives, we should replicate
entire studies and openly share both the significant and non-sig-
nificant studies to figure out the distribution of p-values. As illus-
trated in Fig. 3, replicating well-powered studies gives us an
indication of whether our p-value distribution belongs to a reality
where H0 is the truth or H1 is the truth, so we need replications to
gain verisimilitude.

Another idea is to supplement frequentist statistics with
Bayesian statistics, where you continuously update your prior
hypothesis with your gathered data, which can be a particular
advantage when replicating studies (Dienes, 2014; Bonapersona
et al., 2021). Unlike frequentist statistics, Bayesian statistics give
you an estimate of how strong your evidence is in favour of a
hypothesis, and it is also the only of the two forms of statistics that
provide evidence for the H0 hypothesis. Remember that p≥ 0.05 in
frequentist statistics does not mean ‘there is no difference’, it sim-
ply means you do not know whether there is a difference (your
study could be under-powered).

Now that you know that you might not end up meeting
your expectations it is super important to learn it was indeed
anticipated to happen somewhere along the road. An important
thing is to realise how important your study is regardless of
the outcome. So, bounce right back on track and keep up the good
work.

Stop 10: Try to learn new things and improve all the time

In a field that is incessantly being refined, we as researchers also
have to continuously brush up our skills and gain new ones.
This includes courses on new lab techniques that are relevant
for your behavioural assay, establishing collaborations and getting
to know new behavioural assays, etc. Consider to pair up with
someone competent in your lab that you would really like to learn
more from; ask them if you can participate or observe a study or
watch videos to learn their method.

Less obvious skills to continuously brush up on throughout
your scientific career include data presentation, statistics and
drawing relevant inferences. These are the tools with which you
cut your huge chunk of data into manageable-sized bites.
Brushing up and learning new statistics is what keeps that knife
sharp and increases your skill in how to make the most sensible
cuts in your data.

Always break free of the ‘we always did it that way’; this is an
unfortunate practice that probably hinders scientific progress. Be a
pioneer and try to figure things out even if no one else in your own
lab knows. Reach out to other scientists to try to find your answer.
Always stay critical and don’t be scared of questioning and
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revisiting the existing contemporary methods and theories. Try to
adapt your behavioural assays regularly, to better adhere to the 3Rs
(refine, replace, reduce), thereby you may improve the way in
which a specific behavioural test has always been performed in
your laboratory. Sometimes, tasks can be designed more simply

or there might be an alternative way of doing a test waiting to
be implemented.

As always ‘keep an open mind’ and remember that there is
always room for improvement. You can always learn new things
from new people, new places or new sources.

Fig. 3. Carlin and p-value distributions.
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Conclusion

While undertaking animal experimentation work, it is a must to
strive to provide better conditions for laboratory animals and
buckle down to deliver the highest quality animal experiments pos-
sible. All experimental designs come with trade-offs, and it is a skill
to conduct animal experimentation while ensuring the maximal
likelihood of success, keeping standards for scientific rigour high,
accepting practical limits and safeguarding ethics; a skill that con-
tinuously develops throughout your career.

As discussed at our stop number 8, our field is currently strug-
glingwith a high amount of low-powered studies, which generate little
trustworthy information.We have to improve our statistical processes
and turn this around. Our guided map includes good statistical con-
duct in behavioural animal experimentation on similar grounds as
ethics, quality experimental design and animal welfare, and we hope
your journey in our simple, ten-step footpath provides inspiration. As
you slowly develop and walk your own footpath (over and over),
always remember to integrate the good habits, strive to increase sci-
entific rigour and benefit the overall quality of our field.

‘We hope that breaking behavioural animal experimentation
into ten simple steps makes it easier for you to disentangle the mys-
teries behind behaviours as research investigators in neuroscience.
Maybe the next time you look into a mirror, you will have a more
lucid reflection of yourself’.
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