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Introduction 
 

Laboratory animal science is a field of study with the goal to contribute to the 
quality of research and to the wellbeing of laboratory animals. This field of study focuses 
on six different topics: (1) the biological characteristics of laboratory animals (i.e. in 
order to choose the right animal model), (2) the husbandry and housing conditions, (3) 
the genetic and microbiological quality, (4) the prevention and treatment of diseases, (5) 
the experimental procedures, and (6) anaesthesia, analgesic and euthanasia of 
laboratory animals (van Zutphen, 2003). Through the knowledge of these six different 
topics, laboratory animal science contributes to the reduction of distress experienced by 
the laboratory animals involved, and to the reliability and reproducibility of  the results 
from animal experiments (van Zutphen, 2003). 

These animal experiments are only allowed when there are well founded reasons 
for it. This means that the number of animal experiments should be reduced as much as 
possible and, if performed, these animal experiments should be executed with the 
greatest care (de Greeve and de Leeuw, 2003). In the Netherlands, these regulations 
have been statutory in the Wet op de Dierproeven in 1977 (rewritten in 1996) and in the 
Dierproevenbesluit in 1985 (rewritten in 1996). Both these laws stimulate the 
development of laboratory animal science in the direction which has been suggested by 
Russell and Burch (1959). These authors argued that scientists who use laboratory 
animals should always strive to replacement, reduction and refinement (i.e. the three 
R’s). With replacement, Russell and Burch (1959) refer to the replacement of laboratory 
animals with alternative research methods that lead to same result but without the use of 
animals.  

Russell and Burch (1959) defined reduction as the reduction of the number of 
laboratory animals needed for an experiment. This reduction can be reached through the 
use of a good research plan, the standardization of the laboratory animals used (e.g. 
genetic composition), and the standardization of the experimental procedures (van 
Zutphen, 2003). The last concept refinement is defined as the reduction of distress 
experienced by the laboratory animals. This would include the idea to optimise the 
housing conditions, the use of anaesthesia and analgesic, and good animal care (Russell 
and Burch, 1959; van Zutphen, 2003).  

These three R’s (i.e. replacement, reduction and refinement) form the backbone in 
the search for alternatives for laboratory animal science. Unfortunately, not all animal 
experiments can be replaced by alternative research methods. Thus as long as animal 
experiments need to be conducted (e.g. the search for medicine and the control of sera 
and vaccines), it is the duty of every scientist to reduce the number of laboratory animals 
needed and to refine the distress experienced by the laboratory animals involved.  

In 1997 Poole argued that scientists are obligated to do everything practicable to 
ensure the happiness of laboratory animals, because the reduction of distress 
experienced by the laboratory animals does not only result in a better animal welfare, 
but also in good science. Poole (1997) stated that ‘happy’ animals (i.e. healthy animals 
whose welfare is not compromised, with normal behaviour and physiology) make good 
science. In the same article, Poole mentioned that “a factor, which is increasingly being 
recognized as a source of unhappiness, is the failure of the captive environment to meet 
the animal's behavioural needs and assure its psychological wellbeing. It is becoming 
apparent that captive animals can be bored or resort to abnormal behaviour if their 
environment is not sufficiently complex and interesting to them.”    

A possible solution to the fact that housing condition can be a source of 
unhappiness (i.e. animals whose welfare is compromised), is the application of 
environmental enrichment. Environmental enrichment can be defined as any modification 
or change of the environment in order to enhance the physical and psychological 
wellbeing of the animals involved, by providing stimuli meeting the species-specific needs 
of these animals (Baumans, 2000, 2005; Newberry, 1995). The provision of 
environmental enrichment potentially results in ‘happy’ animals. These ‘happy’ animals 
tend to have a normal physiology and express normal behaviour, and therefore, these 
animals are considered to be good subjects for scientific research (Poole, 1997). 
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‘Unhappy’ animals, on the other hand, live in distressing conditions (i.e. standard 
laboratory cages with no environmental enrichment), and tend to have behavioural and 
physiological disabilities, making them unsuitable subjects for scientific studies. These 
findings suggest that scientists should provide environmental enrichment to ensure the 
happiness of laboratory animals if the quality of their research is to be beyond reproach 
(Poole, 1997). But is it evidence based that ‘happy’ laboratory animals are suitable 
subjects, that ‘unhappy’ animals are unsuitable subjects, and that the provision of 
environmental enrichment indeed results in ‘happy’ animals?  

Furthermore, concern has been raised that introducing environmental enrichment 
into the standardized cages of laboratory animals may increase the variability, resulting 
in an increase in the number of animals needed in order to achieve appropriate statistical 
power and an increase in the difficulty of duplicating the study in another laboratory 
(Bayne, 2005; Tsai et al., 2002; Richter et al., 2009). Normally, to guarantee repro-
ducibility of experimental outcomes, it is generally advised to standardize the conditions 
(i.e. no environmental enrichment) of the experiments. Environmental standardization 
reduces variation in the data, thereby increasing test sensitivity. Because higher test 
sensitivity allows a reduction of sample size, standardization is promoted for ethical 
reasons also in view of reducing animal use (Richter et al., 2009). Although it has been 
agreed that environmental enrichment has a beneficial effect on animal welfare (i.e. 
introducing refinement), it remains questionable whether the provision of environmental 
enrichment results in good science.  

Ultimately, the decision to include environmental enrichment should be based on 
the consideration whether the enrichment has a beneficial effect on the animal, and 
whether the potential effects of the enrichment are experimentally relevant (Bayne, 
2005). Therefore, this thesis will discuss several questions in order to evaluate the 
influence of environmental enrichment on the statement of Poole (1997), “happy animals 
make good science”. First, attention will be paid to the concept animal welfare and the 
possible influence of the housing condition on the welfare of laboratory animals. This will 
be done in order to answer the questions whether housing conditions can influence 
animal welfare and whether standard housing conditions can result in unhappiness. Then, 
the concept environmental enrichment will be discussed in order to answer the question 
whether the application of environmental enrichment in standard laboratory cages results 
in ‘happy’ animals with a better animal welfare. Before discussing whether environmental 
enrichment results in good science, with regard to its potential influence on the variation 
of the experimental results and the reproducibility of the experiment, the statement 
“happy animals make good science” will be evaluated. Is this statement evidence based? 
And is Poole’s theory accepted by other scientists or not, and do they provide evidence or 
examples to support or weaken this theory? Thus, all together, this thesis will discuss the 
influence of environmental enrichment on “happy animals make good science”.  
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Animal welfare and housing conditions 
 
In his article, Poole (1997) states that “a factor, which is increasingly being 

recognized as a source of unhappiness, is the failure of the captive environment to meet 
the animal's behavioural needs and assure its psychological wellbeing. It is becoming 
apparent that captive animals can be bored or resort to abnormal behaviour if their 
environment is not sufficiently complex and interesting to them”. He refers to unhappy 
animals as animals that live in distressing conditions and tend to have behavioural and 
physiological disabilities. In order to evaluate these statements, more information is 
needed about the concept animal welfare. What is animal welfare? Can housing 
conditions compromise animal welfare? And, what happens with the animals whose 
welfare is being compromised? 
 
Animal welfare 
 Animal welfare is the physical and physiological wellbeing of animals, based upon 
the belief that animals are sentient (i.e. the ability to feel and perceive; Balcombe, 
2010), and hence, able to experience pain and pleasure (Poole, 1997). Often, animal 
welfare has been characterized as a state of mental and physical health, indicating that 
the animal is living in harmony with its environment (Wiepkema and Koolhaas, 1993). In 
line with this characterization, Broom (1996) defined animal welfare as followed: “the 
animal’s state as regards to its attempts to cope with its environment. This state includes 
how much the animal has to do to cope, the extent to which it is succeeding or failing to 
cope, and its associated feelings”. 

The Brambell Committee (1965) proposed that all animals should benefit from 
minimal standards of welfare, known as ‘The Five Freedoms’:  

1. Freedom from hunger, thirst and malnutrition 
2. Freedom from physical and thermal discomfort 
3. Freedom from pain, injury and disease 
4. Freedom from fear and distress  
5. Freedom to express most normal patterns of behaviour.  

These five freedoms mean that in order to benefit from minimal standards of animal 
welfare, an animal should be free from certain negative stimuli (i.e. the first four 
freedoms) and able to perform species-specific behaviours (i.e. the last freedom). 
Species-specific behaviours can be defined as behavioural patterns that are inborn in a 
species and performed by all members under the same conditions. These behavioural 
patterns are not modified by learning and all members of the species are highly 
motivated to perform these behavioural patterns (Lawrence, 2005).  

In addition to these five freedoms, more scientists have given their idea about 
when animal welfare is present. It is, for instance, often believed that animal welfare is 
present when the animal is able to adapt to and cope with its environment, thereby 
reaching an internal state the animal perceives as positive. Another idea is that animal 
welfare is present when an animal can reliably predict and control relevant events by 
means of species-specific behaviours (Wiepkema and Koolhaas, 1993).  This last theory 
will be described in more detail in order to provide more information about animal 
welfare. 

It has been argued that stress responses are evoked when an animal is not able 
to foresee or control negative or positive events (Wiepkema and Koolhaas, 1993). This 
claim includes two important concepts: (1) predictability and (2) controllability. It may be 
helpful to explain these two concepts shortly. Some events can be predicted, but never 
actively controlled (e.g. arrival of a predator). Animals can learn to predict these types of 
events, when these events are preceded by reliable signals.  Due to these reliable signals 
and hence predictability, animals may bring some passive control over these events 
through the performance of anticipatory actions (e.g. seeking shelter, hiding). Other 
events, however, can be fully controlled since their occurrence depends on the actions of 
the animal itself (e.g. availability of food) (Wiepkema and Koolhaas, 1993). 

Thus, changes in the predictability and controllability can evoke stress responses. 
In a period during which the predictability and controllability are low, it can be assumed 
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that the stress responses are severe and welfare is absent. On the other hand, when the 
predictability and controllability are high, the certainty of events is maximized and the 
stress responses are low. However, this does not necessarily mean that the animal 
welfare is good, because the high predictability and controllability also implies the near 
absence of novelties in the environment. Such a non-changing environment does not 
provide new and interesting information an animal needs and gathers during its 
exploratory behaviour. This will introduce boredom associated with a decreased vigilance 
(Wiepkema and Koolhaas, 1993). Thus, in other words, the predictability and 
controllability should not be too high or too low for long periods of time; it should have 
an intermediate value.  

This intermediate level of predictability and controllability implies novelty and 
uncertainty and may evoke stress responses. However, the quality and quantity of these 
novelties and uncertainties are normally within the range of coping capabilities of the 
animals, because they have been adapted to environmental conditions which are not 
entirely stable (Wiepkema and Koolhaas, 1993). Thus, a baseline occurrence of 
behavioural and physiological stress responses is normal and does not necessarily reflect 
adverse or unacceptable conditions (Wiepkema and Koolhaas, 1993). These 
unpredictable and uncontrollable events may even be necessary to maintain normal 
vigilance.  

Stress responses include a behavioural and a physiological aspect. When an 
unpredictable and uncontrollable event occurs, animals may express so-called conflict 
behaviours. These conflict behaviours include agonistic behaviour (i.e. a mixture of 
aggressive, threat and flight behaviour), displacement or interruptive behaviour, 
redirected behaviour and intention movements (Wiepkema and Koolhaas, 1993). 
However, an environmental challenge also induces a physiological response. This 
physiological response is initiated and coordinated by the central nervous system, which 
has two pathways; (1) the autonomic nervous system, and (2) the neuroendocrine 
system. One major subdivision of the autonomic nervous system is the sympathetic 
branch, which is activated by a stressor and makes the animal ready for physical activity 
(i.e. also called the fight-flight reaction) (Wiepkema and Koolhaas, 1993). This activity of 
the sympathetic branch, results in a wide range of physiological responses: an increased 
heart rate and blood pressure, an increase in the plasma (nor) adrenaline levels and an 
elevation of the body temperature. At the same time, a stressor may activate the 
neuroendocrine system, which results in a higher plasma level of corticosteroids. 

Up to this point, the physiological and behavioural responses to an environmental 
stressor have been presented as highly functional, enabling an animal to cope with 
environmental challenges. In other words, these responses reflect the processes the 
animal uses to control its environment (i.e. to reach and maintain homeostasis). 
However, what happens when the changes in predictability and controllability become 
more drastic and permanent?   
 
Signs of impaired welfare 
 When there is a short change in predictability and controllability, it will result in a 
strong activation of physiological and behavioural responses, but only for a short period 
of time. However, when the controllability and predictability changes permanently, the 
environment becomes beyond the control of the animals; they cannot adapt to and cope 
adequately with their environment. At this point, a long-term mild activation of 
behavioural and physiological responses has taken place, leading to chronic stress and 
welfare problems (Wiepkema and Koolhaas, 1993). When this is the case, a pathologic 
state will be reached which is characterized by physiological responses and behaviours 
which have no adaptive value. Thus, a variety of symptoms will develop, indicating 
chronic stress. Behaviourally, conflict behaviour gradually changes into abnormal 
behaviour (e.g. redirected behaviour may change into a stereotypy), and physiologically, 
the baseline level of physiological measures becomes chronically elevated (e.g. 
chronically enhanced plasma corticosteroid levels and abnormal reactivity of the 
neuroendocrine systems) (Wiepkema and Koolhaas, 1993).  
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From this point on, the main focus of this thesis will be on the behavioural 
responses of animals. Therefore, more information will be provided about the abnormal 
behaviours which develop when animals can no longer cope with their environment and 
when their welfare is compromised. Signs of impaired welfare are the suppression of 
normal behavioural patterns, abnormal behaviours, and fear and stress-related 
responses. The suppression of normal behavioural patterns can occur in the form of 
inactivity (i.e. suppressed activity). Abnormal behaviours can be divided into two 
categories: maladaptive and malfunctional behaviours (Mills, 2003). Maladaptive 
behaviours are performed by a normal animal in an abnormal environment. This means 
that an animal is responding as well as it can with functionally intact behaviours to the 
captive environment, and thus the animals’ behaviour reflects the abnormality of the 
environment (Garner, 2005). Malfunctional behaviours, on the other hand, reflect the 
abnormal psychology, brain development, or neurochemistry of the animals, which are 
induced by features of the captive environment (Garner, 2005).  

Abnormal repetitive behaviours are inappropriate, repetitive behaviours, 
unvarying in either goal or motor pattern (Garner, 2005). These abnormal repetitive 
behaviours can be divided into two categories based on the unvarying manner in which 
the behaviours are repeated. The first category is stereotypies, which are an unvarying 
inappropriate repetition of a particular set of movements and/or body postures that lack 
any goal or function (Garner, 2005). The second category is impulsive/compulsive 
behaviours, which are variable flexible goal-directed behaviours with the repetition of an 
inappropriate goal (Garner, 2005). 

In mice, stereotypies include barmouthing (i.e. the mouse makes a series of 
repetitive mouthing movements on a cage bar) and jumping (i.e. the mouse rears on its 
hind legs and repeatedly jumps vertically on its hind legs, usually balancing on its tail, 
which is held rigid) (Würbel and Garner, 2007; Garner, 2005; Garner and Mason 2002). 
Both stereotypies are shown in figure 1a. An example of an impulsive/compulsive 
behaviour seen in mice is barbering (i.e. one mouse plucks similar patterns of fur from its 
cagemates or from itself if non-socially housed) (Würbel and Garner, 2007; Garner, 
2005; Garner et al., 2004). Barbering is shown in figure 1b. 

 

                
Figure 1. From Würbel and Garner, 2007. (a) Stereotypic jumping (let side) and bar-mouthing 
(right) in mice. Photo by H. Würbel. (b) A mouse that has been barbered by a cage mate. Photo by 
J.P. Garner.  

 
Mason and colleagues (2007) proposed that stereotypic behaviours can be 

classified in two categories. The first category is induced by frustration and repeated 
attempts to cope, and can be called frustration-induced stereotypic behaviour. These 
frustration-induced stereotypic behaviours are driven by motivational frustration, fear or 
physical discomfort and reflect the nature of the underlying problem. These behaviours 
are not the product of any underlying dysfunction, but are deriving from attempts to 
replace a missing normal behaviour, to escape from confinement, or to otherwise 
alleviate the problem (Mason et al., 2007). The second category is induced by brain 
dysfunction, and can be called malfunction-induced stereotypic behaviour. These 
malfunction-induced stereotypic behaviours are products of a brain abnormality, and the 
behavioural patterns may be more arbitrary/less naturalistic, not directly reflecting the 
primary cause of the problem (Mason et al., 2007).  

A B 
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 In summary, when animals live in an environment which is beyond their control, 
their welfare is compromised and abnormal behaviours are induced. As a result, 
abnormal behaviours are believed to reflect animal welfare (Mason, 1991), and therefore, 
often used to assess animal welfare. However, do abnormal behaviours always indicate a 
compromised animal welfare? 
 
Are abnormal behaviours a sign of impaired welfare? 

There is evidence that stereotypies indicate poor welfare, however, there is also 
evidence that stereotypies do not always indicate poor welfare (Mason and Latham 
2004). For instance, some stereotypies increase in response to changes that can be 
presumed to be positive for animal welfare (e.g. Korhonen et al., 2001), and stereotypies 
do not always positively correlate with other signs of poor welfare (e.g. corticosteroid 
level; Vestergaard et al., 1997).  

Mason and Latham (2004) reviewed almost 300 papers in order to see if 
stereotypies could be linked with poor welfare. They found that certain aversive 
environments enhance stereotypic behaviour, while at the same time, stereotypies can 
appear or increase in conditions that seems neutral or even beneficial (with respect to 
animal welfare) or that some aversive environments did not elicit stereotypies at all. 
Thus, it seems that the relationship between stereotypies and animal welfare is not 
straightforward (Mason and Latham, 2004). This might be explained with four theories. 

The first theory is that stereotypies can act as ‘do-it-yourself enrichments’, by 
which the performance of stereotypies is linked with apparent benefit and the 
stereotypies have the ability to surrogate for natural behaviour. Thus performing these 
stereotypies can help laboratory animals to improve their own welfare by minimising the 
potential adverse effects of the environment (Mason and Latham, 2004). The second 
theory is that stereotypies can have a mantra effect, meaning that the performance of 
the stereotypies may serve as a coping mechanism, because of its positive reinforcing 
properties (Mason and Latham, 2004).  

The third theory is that stereotypies can become habits due to the role of central 
control. Repetitive behaviours (e.g. stereotypies) may shift into a form of automatic 
processing, which is known as central control. This allows animals to execute regularly 
performed or fast movements with minimal cognitive processing or the need for sensory 
feedback. Such behavioural patterns may therefore become more easily triggered by a 
range of cues. Stereotypies that have reached this stage can be performed in a more 
diverse set of conditions and will be harder to interrupt or modulate with changes in the 
environment (Mason and Latham, 2004). This could result in an increased bout length 
and thence overall stereotypy levels, without any change in welfare.  

The last theory, influencing the relation between animal welfare and abnormal 
behaviours, is that some animals can have a brain dysfunction that impairs the proper 
regulation of behaviour, resulting in animals producing behavioural responses to 
environmental cues that may be unnecessary or inappropriate.  

The authors concluded that stereotypies undoubtedly have a role in welfare 
assessment. Thus stereotypies should always be taken seriously as a warning sign of 
compromised animal welfare, but never used as a sole index (i.e. thus in combination 
with other welfare indicators such as physiological measures). Furthermore, scientists 
should never overlook or assume that non-stereotyping or low-stereotyping animals are 
doing well (Mason and Latham, 2004). 

So far, it has been discussed that the welfare of animals is compromised when the 
environment is beyond their control due to the permanent and drastic changes in 
controllability and predictability, and that the occurrence of abnormal behaviours should 
be taken seriously as a sign of impaired welfare. But when is such an environment 
reached in which the welfare of animals is compromised?  

 
Housing conditions 

An important finding is that abnormal behaviours do not develop in wild animals, 
neither in wild-caught adults (Callard et al., 2000). This indicates that abnormal 
behaviours only develop in captive animals (i.e. zoo, farm and laboratory animals) and 
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that an early critical period in captivity is required for the developed of these abnormal 
behaviours (Callard et al., 2000). Due to the fact that this thesis is discussing the 
statement of Poole (1997) (i.e. ‘happy’ animals make good science), from this point on, 
attention will only be paid to laboratory animals. 

There is evidence that laboratory animals do not only suffer from experimental 
procedures, but also from their day-to-day living conditions (Balcombe, 2010). Ideally, 
laboratory animals should be housed in a complex, challenging environment that they 
can control (Poole, 1998). However, housing systems for laboratory animals have been 
designed according to hygienic, economic and ergonomic requirements to provide 
standardized conditions with little or no consideration for animal welfare (Baumans, 
2004, 2005; Olsson et al., 2003). Due to a nutritionally well-balanced diet, a controlled 
climate and good hygienic conditions, the laboratory animals are kept in good physical 
health (Olsson and Dahlborn, 2002). However, their behaviour is severely restricted 
under standard housing conditions, and therefore, it is not surprising to find signs of 
impaired welfare in laboratory animals.  

This type of housing condition (i.e. small, standard, barren cages) provides limited 
stimuli, prevent laboratory animals from exerting control over their situation, and gives 
limited opportunities for the animals to perform species-specific behaviours (e.g. social 
behaviour, exploring, seeking shelter, foraging, gnawing and nest building) (Baumans, 
2005; Olssen and Dalhborn, 2002; Balcombe, 2006; Jennings et al., 1998; Latham and 
Mason, 2004). These species-specific behaviours can be considered behavioural needs; 
necessary for the maintenance of a normal physiological and psychological state (Poole 
1998). Animals will be highly motivated to perform these species-specific behaviours and 
if the animals are not able to perform these highly motivated behaviours, their welfare 
will be compromised (Dawkins, 1998). Furthermore, laboratory animals may suffer from 
boredom in this restricted environment, because there are only a few opportunities to 
acquire information or interact with the environment (Poole, 1998). Both the thwarting of 
important behaviours as well as the lack of stimuli may be problems for animal welfare 
(Olssen and Dahlborn, 2002; Balcombe, 2010). 

When laboratory animals are housed in these standard, barren environments, 
lacking stimuli an unable to perform species-specific behaviours, which would normally 
allow them to control their environment and enhance homeostasis, the animals will likely 
to be under a state of stress (Olsson and Dahlborn 2002). Restrictive housing conditions 
can cause stress in several ways (Olssen and Dahlborn, 2002): (1) the behavioural 
restriction itself may act as a stressor when highly motivated behaviours are thwarted, 
and (2) restrictive conditions limit the animals’ potential for controlling their physical and 
social environment (Wiepkema & Koolhaas, 1993). As previously mentioned, the inability 
to predict or control stimuli can lead to chronic states of stress (Garner, 2005).  

Thus, when laboratory animals are housed in an environment where they are 
chronically exposed to aversive stimuli, or where they are unable to perform species-
specific behaviours that would correct a homeostatic imbalance they are experiencing, it 
would result in abnormal behaviours and chronically elevated baseline levels of 
physiological measures (Wiepkema and Koolhaas, 1993; Garner, 2005; Olssen and 
Dalhborn, 2002; Würbel and Garner, 2007).  
 

 
Figure 2. From Balcome, 2010; picture taken by C. Sherwin. The traditional standard, barren 
laboratory cages, experienced from the laboratory animals’ point of view (i.e. mouse).  
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Concluding remark 

Animals continuously try to adapt to environmental conditions using behavioural 
and physiological mechanisms. Laboratory animals are subjected to the conditions 
offered by their caretakers. Under these controlled conditions, the originally highly 
adaptive physiological and behavioural mechanisms may be no longer functional, the 
opportunity of performing species-specific behaviours is limited and there is a lack of 
stimuli. This together can lead to a decrease in welfare and finally to pathology. Thus, to 
come back at the beginning of this chapter, Poole (1997) was indeed right that standard 
laboratory housing conditions can result in compromised welfare, leading to animals with 
behavioural and physiological disabilities.   

However, a new question arises. Poole (1997) argues that animals whose welfare 
is being compromised are unsuitable subjects for science due to their abnormal 
physiology and behaviour, and that conclusions based on these animals might be 
unreliable. According to Poole (1997) only animals whose welfare is not compromised are 
suitable subjects and make good science. However, as just mentioned, standard 
laboratory cages unfortunately often result in animals whose welfare is compromised. 
Thus, the happiness of laboratory animals seems to be restricted by their housing 
conditions. Is there perhaps a solution to reduce or prevent the abnormal behaviour and 
physiology, and hence increasing the happiness of these animals?  



 11 

Environmental enrichment 
 

As mentioned in the last paragraph of the previous chapter, there seems to be a 
problem between the standard laboratory housing conditions and the happiness of 
laboratory animals. Animals whose welfare is not compromised are suitable subjects and 
make good science (Poole, 1997). However, most laboratories use standard cages, which 
often result in animals whose welfare is compromised, due to the fact that these cages 
have been designed according to hygienic, economic and ergonomic requirements to 
provide standardized conditions with little or no consideration for animal welfare 
(Baumans, 2004, 2005; Olsson et al., 2003).  Thus, a solution is needed to reduce and 
prevent abnormal physiology and behaviours, and increase welfare in laboratory animals 
in order to make good science based on healthy subjects with a normal physiology and 
behavioural pattern (Poole, 1997). Therefore, in this chapter a few possible solutions will 
be shortly discussed. Probably the most promising and most frequently used solution is 
environmental enrichment. Therefore, the focus of this chapter, and the rest of this 
thesis, will be on environmental enrichment.  
 
Reduce or prevent signs of impaired welfare 

Most often, attempts are made to reduce or prevent abnormal behaviours. There 
are five different types of attempts to do this: (1) genetic selection, (2) the use of 
pharmacological compounds, (3) positive reinforcement of alternative behaviours, (4) 
physical prevention or punishment, and, most commonly, (5) environmental enrichment 
(Mason et al., 2007). Genetic selection could be used in order to reduce abnormal 
behaviours through selecting against abnormal behaviour. Welfare could potentially be 
improved, by breeding in favour for animals that are not frustrated by captive conditions 
or vulnerable to stressors. However, there is a larger disadvantage, namely that selecting 
against abnormal behaviour itself rather than its underlying causes, could result in 
selecting for inactive phenotypes that may have an even poorer welfare (Mason et al., 
2007).  

The use of pharmacological compounds is the second method to reduce abnormal 
behaviours. Some have successfully reduced stereotypic behaviour, however, long-term 
pharmacological intervention seems a rather perverse solution to problems 
fundamentally caused by housing (Mason et al., 2007). The approach to reduce abnormal 
behaviours with actively reinforcing non-stereotypic behaviours with a reward, has been 
shown successful. However, similarly to pharmacological compounds, it may not tackle 
the underlying causes of abnormal behaviours (Bloomsmith et al., 2007). Furthermore, 
positive reinforcement of alternative behaviours can result in other behaviour patterns 
becoming repetitive, or placing an animal in a state of conflict (i.e. the motivations to 
perform an abnormal behaviour with the motivation to perform the rewarded behaviours) 
(Mason et al., 2007). 

The effectiveness of physical prevention of abnormal behaviours is uncertain. This 
is due to the fact that animals simply shift their abnormal behaviours to a different 
location, incorporate the imposed obstacle into the behaviour (Vickery and Mason, 2003), 
or even increase their abnormal behaviours due to the resulting stress (Bloomsmith et 
al., 2007). Researchers warn for the potential dangers of blocking abnormal behaviours 
(e.g. Mason and Latham, 2004), given the risk that these approaches may prevent the 
behaviours that animals find stress-relieving or otherwise beneficial. And, also very 
important, this approach (i.e. physical prevention) clearly does not tackle the underlying 
causes of abnormal behaviours (Mason et al., 2007. 

The last method, environmental enrichment, does tackle the underlying causes of 
abnormal behaviours (i.e. the housing conditions). Environmental enrichments are the 
modifications or interventions made to the environment with the aim of improving the 
welfare of the animals living in that environment. Environmental enrichment can reduce 
the expression of abnormal behaviour, increase the expression of normal behavioural 
patterns and increase the ability to cope with challenges in a more normal way (Rochlitz, 
2005). In the next part of this chapter, the entire concept of environmental enrichment, 
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in combination with its ability to improve animal welfare and its unintended 
consequences will be discussed. 
 
The definition and goals of environmental enrichment 

Environmental enrichment can be defined as any modification or change of the 
environment which increases the complexity of an enclosure and provided more stimuli in 
order to provide the opportunity for animals to perform species-specific behaviours, with 
the goal of improving animal welfare (Baumans, 2000, 2005; Young, 2003, Newberry, 
1995; Hutchinson et al., 2005).  

It is not correct to use the term environmental enrichment before the following 
results have been shown: (1) enhanced animal welfare, and (2) improved biological 
functioning of the animals. (Baumans, 2005). Thus, for environmental changes or 
modification to be considered enriching, its produced results (e.g. behavioural, 
psychological, physical and physiological) must be connected with an improvement of 
animal welfare. Therefore, it is important to make a distinction between environmental 
interventions that cause certain changes which may be considered to be welfare-neutral, 
and environmental enrichment for which evidence exist to suggest an improvement of 
welfare (Ellis, 2009). In order to qualify these environmental changes or modifications as 
enrichment, it has often been suggested (Baumans, 2005; Olsson and Dahlborn, 2002) 
that any change to the housing system should:  

1. Improve the quality of the environment so that the animal has a greater choice of 
activity and some control over its social and spatial environment.  

2. Increasing the frequency and diversity of natural, species-specific behaviours. 
3. Reducing the frequency of abnormal behaviour. 
4. Increasing the positive utilization of the environment. 
5. Increasing the animal’s ability to cope with challenges of captivity.  

These quantifiable goals make it possible to evaluate the results of environmental 
enrichment strategies (Baumans, 2005; Ellis, 2009; Leach et al., 2000; Newberry, 1995; 
Olssen and Dahlborn, 2002; Stauffacher, 1995; Young 2003). In the following part of this 
chapter, a summary will be given about the different environmental enrichment 
strategies which are available for laboratory animals, and whether these strategies 
potentially improve animal welfare.  
 
Different environmental enrichment strategies 

Environmental enrichment strategies can be categorized into two types: (1) social 
and (2) physical enrichment (van de Weerd and Baumans, 1995; Young, 2003). Social 
enrichment can consist of direct interactions between animals through social housing, to 
mere visual contact or auditory communication between animals (Hutchinson et al., 
2005). Thus, social enrichment includes socialization of animals both in contact and not 
in contact (i.e. noncontact) with conspecifics (Baumans, 2005).  

With social contact enrichment scientists refer to housing animals in groups or in 
pairs with conspecifics. If this type of enrichment is used, it is important that the group 
composition is stable and harmonious (Morton et al., 1993; Stauffacher, 1997a; Turner 
et al., 1997), and that certain visual barriers or hiding places are provided in order to 
minimize aggression (Stauffacher, 1997b; Van de Weerd and Baumans, 1995; Van Loo et 
al., 2002). This is due to the fact that, even in harmonious groups, it is necessary to 
allow animals to initiate contact by approach or to avoid contact by withdrawal from sight 
(Baumans, 2005). With social noncontact enrichment, scientists refer to visual, auditory, 
and olfactory communication with conspecifics (e.g., through bars). The Council of 
Europe states, on the accommodation and care of laboratory animals, state that when 
group housing is not possible, “consideration should be given to accommodating 
conspecifics within sight, sound or smell of one another” (Council of Europe, 1997 and 
NRC, 1996, both referred in Baumans, 2005). 

The other category of environmental enrichment is physical enrichment. This 
includes a complex environment with both sensory and nutritional stimuli. With 
complexity, scientists refer to an appropriate structuring of the environment in which 
animals use resources and structures in order to perform species-specific behaviours 
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(Baumans, 2005). The housing environment can be made more complex by the use of 
structures, substrates and manipulanda (Hutchinson et al., 2005). Structures and 
substrates include any object or parameter of the environment that allows an animal to 
isolate itself into different microenvironments, experience varied textures or materials, or 
express natural patterns of locomotion. These enrichment strategies include nesting 
materials, running wheels, and hiding shelters (Hutchinson et al., 2005). Manipulanda, 
on the other hand, include any object that can be altered by an animal or encourage it to 
engage in fine motor movements, such as wooden blocks or prefabricated plastic chew 
toys (Hutchinson et al., 2005). 

Physical enrichment can be achieved by providing sensory stimuli, including 
visual, auditory, olfactory, tactile, and taste stimuli. Probably, the most satisfying 
enrichment for rodents is visual, auditory, olfactory, and tactile communication with 
conspecifics, either directly or through bars (i.e. social enrichment) (Baumans, 2005). 
Although other forms of sensory enrichment are not commonly used, they do exist, such 
as the provision of acoustic and scent stimuli (i.e. auditory and olfactory) (Wells, 2009). 

The last form of enrichment is nutritional enrichment. It is known that animals are 
highly motivated to make use of enrichment involving food items. This type of 
enrichment includes novel food items (e.g. fruits, vegetables and grains) which differ in 
taste, texture and desirability (Hutchinson et al., 2005). Furthermore, the presentation of 
food, giving animals the opportunity to forage (e.g., scattering food in the bedding), is 
another form of nutritional enrichment. It appears that this last type of nutritional 
enrichment prevents boredom, and that nutritional enrichment in general satisfies three 
different types of species-specific behaviours: (1) exploration, (2) appetitive behaviours, 
and (3) mouth movements (Baumans, 2005; Mench, 1998). 

As illustrated above, there are many different types of environmental strategies, 
all having the potential of improving the welfare of laboratory animals. However, before 
introducing environmental enrichment strategies into the laboratory cages, it is very 
important to determine which type of environmental enrichment is important for animals, 
and what the consequences would be for the animals. Do these environmental strategies 
improve animal welfare or do they have negative consequences?    
 
Do environmental enrichment strategies improve animal welfare? 

In order to determine which type of environmental enrichment is important for 
animals, two types of experiments can be conducted: (1) preference testing, and (2) 
motivational testing. In preference testing experiments, animals are given a choice 
between different conditions in order to examine the preference of the animals for 
specific objects and environments. The condition which is most frequently chosen is 
concluded to be the preferred strategy. This type of experiment is appealing, but it can 
only measure relative preferences between conditions and cannot establish the strength 
of the desire for the preference (Baumans, 2005; Benefiel et al., 2005; Olssen and 
Dahlborn, 2002). Motivational testing addresses this problem, by measuring the amount 
of work an animal is willing to perform to gain access to a certain environment or object. 
This experiment assumes that animals will work harder to obtain enrichment conditions 
that fulfil their most basic needs (Baumans, 2005; Benefiel et al., 2005; Olssen and 
Dahlborn, 2002).  

However, it is important to note that preference and motivational tests assume 
that animals will always pursue their best welfare interests. This assumption may be 
wrong in certain cases, therefore, the preferences of animals and their motivation for 
certain preferences may not be the ideal guideline to what is of most value to their 
wellbeing (Benefiel et al., 2005; Hutchinson et al., 2005). Thus, next to investigating the 
preference of animals for which type of environmental enrichment, it is very important to 
examine the effects of these environmental enrichment strategies on behavioural or 
physiological parameters.  

Olssen and Dahlborn (2002) reviewed 40 studies, performed between 1987 and 
2000, to evaluate environmental modifications, and concluded that mice prefer a more 
complex environment containing nesting material, and that they were prepared to work 
for access to such preferred environments. The preference for nesting material might be 
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due to that fact that it enables them to create appropriate microenvironments for resting. 
It has been shown that laboratory mice will use nesting material and perform nest-
building behaviour (Eskola and Kaliste-Korhonen 1999; Van de Weerd et al. 1997a, 
1998), and that they spent 10 to 20% of their time budget manipulating nesting material 
(Van de Weerd et al. 1997b).  

Olsson and Dahlborn (2002) also concluded that housing mice under these 
preferred conditions (i.e. higher complexity and bedding material) improves animal 
welfare (Fraser and Matthews, 1997; Olssen and Dahlborn, 2002). Housing mice in a 
complex environment provides various opportunities for exploration and locomotion, 
resulting in behaviour changing significantly in the desirable direction (e.g. more play and 
positive social interactions, and fewer stereotypies and agonistic behaviour) (Nevison et 
al., 1999). In addition, a higher complexity affects their reactions to many behavioural 
tests. Typical results were increased activity, decreased fearfulness, reduced signs of 
anxiety and a reduced latency to emerge (Olssen and Dahlborn, 2002; Chapillon et al., 
1999). Furthermore, mice housed in an environment with nesting material, consumed 
less food without a consequent decrease in their body weight (Dahlborn et al., 1996, van 
de Weerd et al., 1997b; Olssen and Dahlborn, 2002). This effect is commonly attributed 
to the thermoregulatory properties of a nest. The presumed improved thermoregulation 
in mice with access to nesting material may be considered an improvement in biological 
functioning and is also expected to affect welfare positively (Olssen and Dahlborn, 2002).  

Thus based on these reviewed studies, it can be concluded that both nesting 
material and higher complexity due to cage structures, have clear functions in that they 
provide shelter and give the opportunity to perform species-specific behaviours, such as 
nest building, exploration, climbing and vigilance. Additionally, controllability of the 
environment is increased, presumably resulting in less stressful conditions (Wiepkema 
and Koolhaas, 1993; Olssen and Dahlborn, 2002).  

However, although intuition and even direct observation indicate that 
environmental enrichment promotes species-specific behaviours, data showing that 
rodents benefit from these changes are often inconclusive (Benefiel et al., 2005; Olssen 
and Dahlborn, 2002). This means that the results (i.e. benefit for animal welfare) often 
vary between different species, different strains, different sex, different age, etc. 
 
Concluding remark 

This chapter may give rise to more question than providing answers. As 
mentioned previously, environmental enrichment is considered to imply an increase in 
the complexity of the environment in which the animal lives, with the goal of enhancing 
the animal’s welfare. Despite the clear example given above, it is often unclear whether 
environmental enrichment benefits an animal’s wellbeing, due to the fact that is not 
conclusive for all species or for all forms of environmental modifications/changes (e.g. 
strain, sex and age). In addition, the potential for environmental enrichment to have 
unexpected consequences such as unintended harm to the animal, or the introduction of 
variability into a study that may confound the experimental data, has received recent 
interest (Bayne, 2005).  

Bayne (2005) illustrated, similar to Olssen and Dahlborn (2002), that 
environmental enrichment in some cases, has no impact on the animal or research 
parameter being studied, and in other cases environmental enrichment has an effect on 
either the animal or the research data (see following chapters) in either a positive or a 
negative manner, depending upon the specific circumstances. Furthermore, Bayne 
(2005) states that implementation of environmental enrichment should include an 
assessment of the potential risk to the animal associated with the item. All together, this 
indicates that the decision to include environmental enrichment should be based on a 
consideration of the safety of the animal, whether the enrichment has a demonstrable 
beneficial effect on the animal, and whether the potential effects of the enrichment are 
experimentally relevant (Bayne, 2005). 

In summary, despite the lack of scientifically evidence and scientifically based 
guidelines, environmental enrichment is a widely accepted practice. In addition, many 
recent studies on rodent welfare support the view that environmental enrichment is by 
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definition a good thing, without evidence that it is essential for animal welfare or 
consideration of its possible effects on experimental outcomes (Benefiel et al., 2005). 
Considering the effects environment enrichment can have on the physiology, brain 
structure and function, and the behaviour of animals, it makes sense that scientists have 
concerns about how these changes may affect experimental data and the validity of 
research results (Benefiel et al., 2005).  

Environmental enrichment is an experimental variable and therefore, the use of 
enrichment may have effect on research data (Hutchinson et al., 2005). This have led to 
the concern that environmental enrichment conflicts with standardization of animal 
experiments because animals from an enriched environment show more variability in 
their response to experimental procedures, thereby potentially influencing the number of 
animals required and the reproducibility of the research. However, on the other hand, 
scientists who consider environmental enrichment as a good thing, tend to disagree. 
According to them, animals housed in an enriched environment tend to be less reactive 
to stressful experimental situations, hence resulting in less variation between results, 
which should reduce the number of animals used and enhancing reproducibility 
(Baumans, 1997; van de Weerd et al., 2002). 

In conclusion, it is widely accepted that the appropriate application of environmental 
enrichment results in approved animal welfare, despite the lack of scientific evidence. 
Thus, coming back to the statement of Poole (1997), housing laboratory animals in 
enriched housing conditions (rather than in standard laboratory cages) will result in 
animals whose welfare is less compromised. This would, according to Poole (1997), mean 
that the animals housed in enriched conditions would be ‘happy’ and thus better subjects 
for science. However, due to the possible negative effects of environmental enrichment 
of the experimental data, this is not so straightforward. Thus, in the next chapter, it will 
be discussed whether animals whose welfare is compromised are unsuitable subjects and 
whether environmentally enriched animals make better subjects. And in the last two 
chapters, the potential negative effects of environmental enrichment on scientific 
outcomes (i.e. the potential greater variation among data and the potential effect of 
reproducibility) will be discussed.  
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Animal welfare and good science 
 

So far, it has been shown that the housing conditions of laboratory animals can 
influence their welfare. Animals living in distressing conditions beyond their control, most 
often have behavioural and physiological disabilities (e.g. permanently increased levels of 
stress hormones and a compromised immune system), due to the fact that their welfare 
is compromised. Animals that live in enriched environments can have a better welfare 
resulting in a wide repertoire of behaviours, no/less display of fear towards trivial non-
threatening stimuli and no expression of abnormal behaviour. Furthermore, a ‘happy’ 
animal is able to cope with stressors to which it is subjected. Up to this point, Poole 
(1997) was right. However, what about his statement “happy animals make good 
science”?  

In order to evaluate this, it is important to describe what good science is and what 
determines the quality of experimental research. Without this description of good 
science, it would be difficult to investigate whether the use of ‘unhappy’ animals indeed 
results in poor science and whether the use of ‘happy’ animals indeed results in good 
science.  
 
What makes good science? 
 In order to have a scientific research of high quality, the results of that research 
must be valid, reliable and replicable (Martin and Bateson, 2007). These three aspects of 
scientific research will be shortly discussed, in order to explain the possibility of 
‘unhappy’ animals being unsuitable subjects. The first aspect, making a scientific 
research of high quality, is the reproducibility of the results. Reproducible results are 
results that can be repeated independently in different laboratories (Garner, 2005). 

The validity of a result can be divided into two different types of validity: (1) 
internal and (2) external. A scientific result shows internal validity when the measured 
results measured what it was intended to measure, i.e. to how well a study was 
performed, how strictly confounding variables were controlled, and how sure a researcher 
can be that the found effects are caused by experimentally manipulating the independent 
variable(s), and not by confounds (van der Staay et al., 2009). Confounds are considered 
to be factors that potentially affect the independent variable as well and, may therefore, 
provide alternative explanations of the obtained results (Guala, 2003). In addition, a 
result shows external validity when the result obtained can be applied to other conditions 
(i.e. environmental contexts), populations or species (Campbell, 1957). Thus, external 
validity refers to the robustness of the results outside the circumstances in which it was 
established (Guala, 2003) and defines the extent to which a result can be generalized 
(Richter et al., 2009).  
 Reliability refers to the extent to which results are repeatable and consistent (i.e. 
free from random errors). To explain this in more detail, it is important to know that a 
result consists of two parts: (1) a systematic component, representing the true values of 
the variable, and (2) a random component arising from imperfections in the 
measurement process. When the random component is small, the results are more 
reliable. Thus, reliable results measure a variable precisely and consistent (Martin and 
Bateson, 2007). Two different aspects of reliability can be distinguished: (1) within-
observer reliability (i.e. test-retest reliability) describing the extent to which the same 
experimenter obtains consistent results when measuring the same animals with repeated 
observations, and (2) between-observer reliability describing the extent to which two or 
more experimenters obtain similar results when measuring the same animal 
simultaneously (Garner, 2005; Martin and Bateson, 2007). 
 Thus, the desired outcome of every experiment is scientifically valid, reliable and 
reproducible data. With this clear description of good science, the following two questions 
need to be answered: (1) Will the use of ‘unhappy’ animals (i.e. whose welfare is 
compromised) prevent this desirable outcome? And (2), will the use of ‘happy’ animals 
(i.e. whose welfare is not compromised) result in this desirable outcome? According to 
Poole (1997), the answers to both of these questions are yes, resulting in his statement 
“happy animals make good science”. In order to evaluate this, the evidence on which 
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Poole (1997) based his theory will be discussed, followed by the possible acceptance of 
this theory by other scientists.  
 
“Happy animals make good science” 

Poole (1997) tried to answer the question whether the state of mind of an animal 
would have the potential to influence scientific results which are derived from that 
animal. As mentioned previously, he distinguished two different states of mind: happy 
and unhappy.  He also argues that in the modern laboratory science, many distressing 
factors have been eliminated (e.g. no illness, no injuries, and certain essential physical 
needs, such as food, water or suitable climatic conditions have been satisfied). However, 
a variety of potential causes of distress remain present, which can be categorized in 
three classes (1) social factors, (2) physical factors, and (3) handling and training. 
According to Poole (1997) these three potential distressing factors can influence the state 
of mind of an animal and, therefore, also the scientific results. This is due to the fact that 
scientific methods assume the absence of confounding factors, and clearly, ‘unhappiness’ 
can be a confounding variable. In the following paragraphs Poole’s consideration about 
how these three potential distressing factors can influence the psychological wellbeing of 
the laboratory animals, will be illustrated. 

When discussing the potential influence of social factors, Poole (1997) clearly 
distinguishes between mice and rats. While female mice can easily be socially housed in 
single sex groups, male mice tolerate these conditions less easily due to fact that they 
tend to fight and establish a hierarchy. However, the type of social structure depends 
entirely on the number of individuals present in the cage. Rats, on the other hand, are 
more sociable than mice and both female and male adult are likely to suffer from 
isolation. Overall, it is important to house animals in conditions where their social 
grouping leads to the minimum of aggression and hence distress. It has, for instance, 
been shown that subordinates male mice express higher levels of stress than dominants 
(Hucklebridge et al. 1976, Benton et al. 1978), that they experience more fear and that 
their immunological response was clearly reduced in comparison to that of dominants 
(Beden and Brain, 1984, 1985). Thus, even though the social companion ship may 
benefit mice in general, it is important to provide the opportunity for individuals to avoid 
another individual and minimize the chance for conflict, in order to prevent the higher 
levels of stress and fear, and a reduced immune response (Poole, 1997).  

Furthermore, the environment in which laboratory animals live during their 
development determines the kind of situations with which they are able to cope when 
they reach adulthood (Poole, 1997). During their development, animals play fight in 
order to practise the strategies of attack and defence which they will need when faced 
with rivals. In this developmental phase, animals show curiosity and inventiveness, and 
thus learn the properties of objects and other organisms in their environment. 
Furthermore, animals enjoy play and experimentation, because it is self-rewarding 
(Poole, 1997). Thus, the provision of a stimulating and complex developmental 
environment will stimulate these developments of laboratory animals and enlarge the 
range of situations with which these animals can cope. If such an environment is not 
provided, it might result in abnormal development and a larger range of situation with 
which the animal cannot cope and thus potentially result in compromised welfare (Poole, 
1997).  

Likewise, the presence of a mother is important because it allows the young to 
express their wide repertoire of play and curiosity without fear. Therefore, early weaning 
is most probably stressful for animals (Poole, 1997). The problem becomes larger with 
the sudden loss of maternal antibody. This immune deficiency is temporary until the 
young independent develops its own fully functioning immune system. However, the 
temporary immunodeficiency may be enhanced by stress resulting from separation from 
their mother (Poole, 1997). These effects of early weaning can potentially result in 
animals developing abnormal behaviours and potentially suffering from reduced 
immunological competence as adults.  

The second potential distressing factor influencing the state of mind of an animal 
is the physical environment in which the animal is housed. As already mentioned in the 
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chapter welfare, Poole (1997) states that differences in the level of stress hormones is 
clearly related to the controllability and predictability of events. In addition, Wiepkema 
and Koolhaas (1993) argued that an intermediate level of predictability and controllability 
in needed to maintain a certain level of vigilance.  Thus, a baseline occurrence of 
behavioural and physiological stress responses is normal or natural and does not 
necessarily reflect adverse or unacceptable conditions. However, it is important to realise 
that certain stressors can seriously compromise experiments (e.g. poor husbandry, such 
as continuous illumination and loud noises, can influence the appetite of mice and rats for 
sweet substances and thus compromise experiments using a food reward; Monleon et al., 
1995).  

Furthermore, the environment contains stressors of which we are unaware, that 
can potentially influence the physiology, immune system and behaviour. Some of the 
most stressful events in every day husbandry result from changes in environment. 
Animals may be placed in unfamiliar/clean cages and, for animals which mark their home 
range with scent, this may be highly disturbing. Even more stressful is the situation 
where an animal is moved from its home cage to an unfamiliar one and then subjected to 
an experiment. Therefore, it is advised to provide time for the animal to acclimatize to its 
new situation, not only on welfare grounds but also because the experimental results 
may be influenced (Poole, 1997). This advice is supported with an experiment from 
Damon and colleagues (1986), which compared the nephrotoxic response of rats to 
implanted, refined uranium ore. They found that for rats who were not acclimatized 3-
8mg/kg proved toxic, while for the acclimatized rats, the toxic dose was 220-650 mg/kg.  
This data support the practice of carrying out experiment in a familiar environment.   
 The last potential distressing factor influencing the state of mind of an animal is 
the way animals are handled. It is, for instance, well known that restraint can be highly 
stressful for animals resulting in increased levels of corticosteroids, and it may also lead 
to the suppression of their immune response (Lawrence, 1991; Blecha et al., 1982). In 
addition, laboratory mammals recognize humans as individuals and are nervous of 
strangers. Therefore, it would be preferable that an experimental procedure is carried out 
by a handler which is a person familiar to the animal, and in whom the animal has 
confidence (Poole, 1997). An unfamiliar handler will most likely cause the animal to 
experience fear and stress.  
 In addition, when laboratory animals are good handled and trained to cooperate, 
it will improve the quality of the relationship between carer and animal, the animal will 
gain confidence and trust in the handler, and the animal will be less stressed. This all 
together, will result in improvement of the experiment, because the unwanted variable 
(i.e. stress) has been reduced.  Thus a positive, caring attitude by staff not only 
improves the wellbeing of the animal but also makes it more willing to cooperate in any 
procedures to which it is subjected. 

In summary, Poole (1997) gives examples which show that both the endocrine 
condition and immunology of laboratory animals, which experimenters may assume to be 
normal, can be compromised by social conditions, developmental history and stressors in 
the animal’s housing condition or experimental laboratory. On these examples, he based 
his conclusion that happy animals are healthy and have a normal physiology and 
behaviour. These animals are able to cope with the stressors to which they are 
subjected, and will not be in pain, or distressed and resist disease. If these happy 
animals receive a good and simple treatment, stress will be even more reduced and 
animals become confident, cooperative and easily handled. All this together, makes these 
happy animals the best subjects for scientific research (Poole, 1997). In addition, he 
concluded that unhappy animals have to put up with distressing conditions beyond their 
control, resulting in behavioural and physiological disabilities (e.g. permanently raised 
levels of stress hormones and a compromised immune system). These uncontrolled 
variables make unhappy animals unsuitable subjects for scientific studies (Poole, 1997). 

Based on the examples Poole (1997) gives, his conclusions seem logical and valid. 
He has shown that certain factors (e.g. social, physical and handling) can influence the 
state of mind of animals. If animals are not housed in the right social condition, if 
animals have to deal with uncontrollable, unpredictable husbandry events, and if animals 
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are not treated kindly and gently, the welfare of these animals can be compromised 
resulting in ‘unhappy’ animals with behavioural and physiological disabilities. 
Unhappiness is a confounding factor because it consists of uncontrolled variables, and 
therefore, using these ‘unhappy’ animals will most probably not result in scientifically 
valid, reliable and reproducible data. This indicates that using ‘unhappy’ animals result in 
poor science and the use of ‘happy’ animals result in good science.   

It would be interesting to illustrate how other scientists think about this theory 
thirteen years after it has been published by Poole (1997). Is Poole’s theory accepted by 
other scientists or not, and do they provide evidence or examples to support or weaken 
this theory?  
 
Acceptance “Happy animals make good science” 

If laboratory animals are housed in an environment in which they are exposed to 
chronic aversive stimuli, in which the performance of species-specific behaviours is 
limited, or in which the performance of behaviours that allow the animal to control its 
environment and enhance homeostasis is limited, they are likely under a state of stress, 
resulting in the development of abnormal behaviours (Wiepkema and Koolhaas, 1993; 
Baumans, 2005; Olsson and Dahlborn, 2002). Thus, as Poole already stated; “the failure 
of the captive environment to meet the animal's behavioural needs and assure its 
psychological wellbeing, is an important source for unhappiness. It is becoming apparent 
that captive animals can be bored or resort to abnormal behaviour if their environment is 
not sufficiently complex and interesting to them”.  
 Garner (2005) argued that animals performing abnormal behaviours could result 
in the reduction of reliability, reproducibility and the validity of scientific results, thereby 
supporting the theory of Poole (1997). According to Garner (2005), there are two 
important aspects of abnormal behaviours: (1) prevalence and (2) symptom severity. 
The first aspect, prevalence, describes the fact that some individuals perform abnormal 
behaviours, while others do not, even when they are of the same strain, sex, and age, 
experiencing the same housing, husbandry, and handling, and housed in the same cage. 
The second aspect, symptom severity, describes the fact that individuals that perform 
abnormal behaviours, differ significantly in the severity of these behaviours. These 
differences in abnormal behaviour between individuals, sites and strains, indicate that 
abnormal behaviours represent an uncontrolled variable which can potentially add 
considerable between-individual noise to experimental results, resulting in reduction of 
the reliability of experimental results (Garner and Mason, 2002).  

Including animals with physiological and behaviour disabilities into the experiment 
can have an affect on three aspects of an experiment, validity, reliability and 
reproducibility. The validity can be affected due to the introduction of abnormal animals 
into the experiments, the reliability can be affected due to the increased inter-individual 
variation through the introduction of abnormal animals and the reproducibility van be 
affected by altering the number and type of abnormal animals between laboratories 
(Garner, 2005). This idea is presented in figure 3. The grey box in this figure, describes 
the range of physiological variation within a wild, ‘normal’ population that can be 
considered normal. This range of physiological variation should be the target range for a 
valid study. The first graph (i.e. figure 3a) shows the distribution of a physiological 
measure in a wild, ‘normal’ population of animals. None of these animals show abnormal 
behaviour. Figure 3b presents the distribution of a physiological measure in a captive 
population. Within this captive population, the environment has induced abnormal 
behaviours and an abnormal physiology, resulting in only a few individuals within the 
normal range of physiological variation.  
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Thus, only a small proportion of animals whose 
welfare is compromised, have a physiological 
measure within the target range. Using these animals 
could lead to poor validity, because the abnormal 
behaviours and physiology are considered to be 
factors that potentially affect the independent 
variable and, may therefore, provide alternative 
explanations of the obtained results (Guala, 2003). 
Furthermore, the increase in physiological variation 
will decrease the reliability of any experiment 
performed with animals whose welfare is 
compromised, because a reliable result measures a 
variable precisely and consistent and is free from 
random errors. If the animals perform abnormal 
behaviour and have an abnormal physiology, the 
imperfections in the measurement process increases, 
and hence, the random component increases. Thus, 
the results become less reliable (Garner, 2005). 

 
 
 
 

Figure 3. From Garner, 2005. A hypothetical data set illustrating the idea that animals performing 
abnormal behaviour can potentially influence the validity, reliability and the reproducibility of 
scientific results. (a) represents a wild, ‘normal’ population, (b) represents a captive population, 
and (c) represents a captive population in an enriched environment.   

 
Due to the variation in the severity and the prevalence of abnormal behaviour, as 

discusses beforehand, scientists should either quantify abnormal behaviours, using them 
as an explanatory variable (i.e. similar to sex, age and weight), or, preferably, modify 
housing conditions to prevent abnormal behaviours (Garner et al., 2003). As discussed in 
the chapter environmental enrichment, animal welfare can potentially be improved and 
the occurrence of abnormal behaviours decreased with the application of environmental 
enrichment (Würbel, 1998; Olsson and Dahlborn, 2002). Therefore, environmental 
enrichment might result in animals being ‘happy’ (i.e. no compromised welfare) and can 
potentially enhance the validity and reproducibility of animal experiments by normalizing 
abnormal physiology (Poole, 1997; Garner and Mason, 2002). 

This normalization of abnormal physiology is shown in figure 3c. Animals housed 
in an enriched environment show less abnormal behaviours and, therefore, have a less 
abnormal physiology. Thus, due to environmental enrichment, the range of physiological 
variation becomes close to the range of physiological variation of a wild, ‘normal’ 
population, which, as previously mentioned, should be the target range for a valid study. 
Thus, by reducing the range of physiological variation, environmental enrichment could 
potentially reduce between-individual and between-laboratory variability, resulting in an 
increased experimental reliability and reproducibility.  

It is important to note that this theory from Garner (2005) is entirely illustrated 
by a hypothetical data set. This means that there is no real evidence to support his 
illustrated theory. However, his theory is based upon previous research. It is known that 
abnormal behaviours and physiology does not occur in animals from a wild population 
(Callard et al., 2000). Thus is would be logical to assume that their range of physiological 
measures and behaviours can be assumed to be normal and considered a target for good 
science. As discussed in the chapter welfare, animals kept in captivity (e.g. standard 
laboratory cages) can have a compromised welfare, because of the restriction of species-
specific behaviours, or the restrictive conditions limit the animals’ potential for controlling 
their physical and social environment (Wiepkema & Koolhaas, 1993). Compromised 
welfare can result in abnormal behaviours and physiological disabilities, outside the range 
which was assumed to be normal (i.e. from wild population). As Poole (1997)  already 
stated, behavioural and physiological disabilities are confounding factors because they 
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consists of uncontrolled variables, potentially influencing the validity, reliability and the 
reproducibility of scientific results.  

Furthermore, as discussed in chapter environmental enrichment, some 
environmental enrichment strategies (i.e. bedding material and higher complexity) can 
indeed result in improved welfare and thus reduce or prevent the occurrence of abnormal 
behaviour and physiology (Olssen and Dahlborn, 2002). It seems logical that the range 
of physiological measures of enriched animals become closer to the range of the wild 
population, which was considered a target for good science. Thus, using animals whose 
welfare is not / less compromised (e.g. through the application of environmental 
enrichment) could result in a higher validity, reliability and reproducibility of scientific 
research.  

So far, there seems to be evidence that ‘happy’ animals whose welfare is not 
compromised are better subjects for scientific research than ‘unhappy’ animals whose 
welfare is compromised. Does this mean that the slogan “happy animals make good 
science” is a widely accepted statement? In general, scientists state that when housing 
conditions do not meet the demands of a particular species, one cannot expect reliable 
and reproducible results (Baumans, 2005), because animals that are under chronic stress 
or engaged in abnormal behaviours could be unsuitable research subjects. Animals from 
enriched housing conditions, on the other hand, are expected to be physiologically and 
psychologically more stable, they may be considered as more refined animal models, 
ensuring better scientific results (Bayne, 1996; Van de Weerd, 1996; Van de Weerd et 
al., 2002). In addition, the indications of increased welfare and decreased fearfulness in 
mice housed in more complex cages are expected to result in mice experiencing less 
stress when exposed to novel experiences during experimentation and reduced noise in 
experimental results (Olssen and Dahlborn. 2002). 

Sherwin (2004) shows that standard, barren laboratory cages can influence the 
biology of laboratory animals, potentially violating one or more of the three conditions 
validity, reliability and reproducibility.  He states, for example that laboratory animals 
from standard, barren cages often express heightened fearfulness, emotionality or 
reactivity. This could result in animals responding more vigorously to changes in the 
environment, for instance on behavioural tests. This increased reactivity, together with 
individual differences in responsiveness, most likely increase variability in data, thereby 
reducing the reproducibility of some studies (Sherwin, 2004). In addition, Garner and 
Mason (2002) state that abnormal behaviours might represent potential confound in 
scientific research. Due to the fact that standard, barren laboratory cages are related to a 
higher frequency of abnormal behaviours (Würbel et al., 1998; Würbel, 2001; Callard et 
al., 2000), many studies might be confounding in this way. 
 Furthermore, it seems that standard, barren cages do not always produce the 
quality of data we might expect. Hockley et al. (2002) concluded that environmental 
enriched mice mimic human disease more accurately, and that housing mice in a non-
enriched environment cause a worsening in disease phenotype or neurological disorders. 
Thus, mice housed in standard, barren cages are unlikely a good model for human 
diseases (Hockley et al., 2002).  
 
Concluding remark 
 Overall, it seems that Poole (1997) was right about his statement that ‘unhappy’ 
animals whose welfare is compromised are unsuitable subjects. Many scientists accept 
the idea that animal welfare can directly affects the scientific validity and repeatability of 
the data, due to the fact that compromised welfare can introduce unwanted variables into 
an experiment (e.g. abnormal behaviours), resulting in increased variance and non-
reproducible data. In addition, the statement of Poole (1997) that ‘happy’ animals, whose 
welfare is not being compromised, are suitable subjects seems accepted. Improving 
animal welfare (i.e. through a good physical and social environment, good husbandry and 
good handling), reduces or prevents the occurrence of abnormal behaviour and 
physiology (Olssen and Dahlborn, 2002), and thus eliminates the confounding factor 
‘unhappiness’ (i.e. the uncontrolled variables). Therefore it seems that using ‘happy’ 

a 
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animals whose welfare is not compromised results in good science due to a higher 
validity, reliability and reproducibility of the scientific data.   

As discussed before, environmental enrichment can potentially improve animal 
welfare and thus the happiness of laboratory animals. Does this necessarily mean that 
the application of environmental enrichment results in good science, as proposed by 
Garner (2005)? This question brings us back to the two potential negative effects of 
environmental enrichment on scientific outcomes (i.e. the potential greater variation 
among data and the potential effect of reproducibility), which we also introduced in the 
last chapter. Does the application of environmental enrichment result in good science due 
to the improved welfare, or does the application result in poor science due to its potential 
greater variance among the data and its potential negative effect on reproductively? Both 
these question will be discussed in the following chapters.  
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Environmental enrichment and variation 
 

The validity of animal experiments has been questioned on several grounds, one 
being that housing laboratory animals in barren cages results in impaired brain 
development, abnormal behaviour and physiology. This could potentially lead to artefacts 
in the results of animal experiments (Würbel, 2001; Garner, 2005). As discussed 
previously, this problem can be solved by making the cage environment more stimulating 
with the addition of environmental enrichment. However, despite the benefits of 
environmental enrichment for the welfare of laboratory animals, concerns have been 
raised that enriched housing might disrupt environmental standardization and reduce the 
precision and reproducibility of experimental results and hence validity (Gärtner, 1999; 
Wolfer et al., 2004). This could result in an increase in the number of laboratory animals 
needed in order to reach statistical significance (Eskola et al., 1999; Gärtner, 1999, Tsai 
et al., 2002). 
 This concern is based upon the assumption that a more complex enriched 
environment produces a higher diversity of behaviour within the home-cage and, 
therefore, increases the inter-individual variability in the responses of the laboratory 
animals to experimental treatments (Würbel and Garner, 2007). Several studies have 
empirically investigated this claim, resulting in conflicting findings; some supporting the 
claim (Eskola et al., 1999; Gärtner, 1999; Tsai et al., 2003) and others reporting no 
adverse affect on variation (Weerd et al., 2002; Augustsson et al., 2003; Wolfer et al., 
2004; Lewejohann et al., 2006).  
 
No adverse effect of environmental enrichment on variability  
 Van de Weerd et al. (2002) investigated the effects of enrichment on the results 
of a number of behavioural and physiological parameters in two routine testing 
procedures. They concluded that the enrichment did not influence the variability in any of 
the parameters measured. Van de Weerd et al. (2002) argued that this is probably due 
to the fact that animals housed in an enriched environment, can perform more of their 
species-specific behaviour, enabling them to cope better with novel and unexpected 
changes, thus showing an uniform response (Baumans, 1997).  
 Similar findings were found in several other studies. Augustsson et al. (2003) 
investigated if cage enrichment induced an effect on experimental mean values and on 
inter-individual variation. Different from all other studies, they choose to use three 
different statistical methods for analyzing variation with the assumption that these three 
methods might influence the interpretation of within-group variability. However, none of 
the methods showed any significant differences between standard and enriched 
conditions on variability in any of the parameters measured. 
 Lewejohann et al. (2006) applied systematic variation of housing conditions, 
laboratories and experimenters in their study, in order to test the influence of these 
variables on the experimental results of behavioural tests. They concluded that, in 
contrast to concerns that environmental enrichment might increase variability, the 
enrichment applied in their study (i.e. a mild form of enrichment consisting of a plastic 
inset and a wooden climbing frame) decreased variability (Lewejohann et al., 2006).  
 In addition, in 2004, Wolfer and colleagues showed that environmental 
enrichment did not increase individual variability in behavioural tests or the risk of 
obtaining conflicting data in replicate studies. They came to this conclusion by raising 
female mice of two inbred strains and their F1-hybrids in three different laboratories. The 
mice were housed in two different types of housing: (1) small, standard cages and (2) 
large, enriched cages. By the time their mice reached adulthood, they were subjected to 
four behavioural tests: elevated O-maze, open-field test, novel-object test and place 
navigation in the water maze. Each laboratory ran three independent replicates for each 
test. Wolfer and colleagues split the data by housing condition and calculated the 
proportion of variance for each replicate contributed by within-group variability and by 
laboratory X strain interactions. Then, they compared these proportions of variance 
between enriched and standard housing conditions (see figure 4). As shown in figure 4, 
the within-group variability contributed between 40% and 84% (i.e. an average of 60%) 
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to the total variance, while the contribution of laboratory X strain interactions (i.e. an 
average of 7.6%) was smaller and also less variable. Except for the behavioural test O-
maze, the within-group variability was unaffected by enriched housing, and the enriched 
housing had no effect on the proportions of variance contributed by laboratory X strain 
interactions (Wolfer et al., 2004). Furthermore, the results indicated that enrichment did 
not increase the risk of obtaining conflicting results between the three different 
laboratories (Wolfer et al., 2004). 
 Thus, based on their results, Wolfer and colleagues (2004) concluded that 
environmental enrichment did not increase individual variability or the risk of obtaining 
conflicting data in replicate studies. Their findings indicate that the housing conditions of 
laboratory mice can be markedly improved without affecting the standardization of 
results. An important note for this study is that it was conducted with female mice, thus 
it remains to be seen whether their conclusions also apply to male mice. However, for 
female mice, environmental enrichment should improve their welfare without reducing 
the precision and reproducibility of the data derived from them (Wolfer et al., 2004). 
 

 
Figure 4. From Wolfer et al., 2004. Mean (± sem) proportion of variance in representative 
measures of four behavioural tests, contributed by within-group variability and laboratory X strain 
interactions, comparing female mice housed under standard (orange) and enriched (blue) 
conditions. Triangles indicate direction and significance of enrichment effects on each variable. 
Double asterisks, significant difference in individual variability.  
 
Environmental enrichment increases variability 
 Tsai et al. (2002) performed an experiment for which three inbred mice strains 
were used. When the mice were 3 weeks old, they were separated randomly to enriched 
(i.e. containing a nest box, a wood bar for climbing and nesting material) or non-
enriched cages. Body weights were recorded every week. Blood samples were collected 
at 14 weeks of age in order to analyze the white blood cells, red blood cells, haemoglobin 
and haematocrit. At 15 weeks of age, the mice were euthanized by CO2 in their home 
cages, and final body weight and organ weights were measured immediately. 
 Tsai and colleagues (2002) found that nearly all the test variables were not 
affected by environmental enrichment in their mean values. However, the enriched group 
showed different influences in variation. Depending on the strain of mice and the 
variables studied, environmental enrichment increased, decreased or had no effect on 
the variation. However, in general, they concluded that mice housed in enriched cages 
showed a higher variation for most measured parameters (Tsai et al., 2002).  
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In addition, Mering and colleagues (2001) evaluated the effects of the housing 
environment, including enrichment, cage type and group size, on the within-group 
variation and the number of laboratory animals needed to detect the chosen effect size. 
They concluded that it would be difficult to predict the effects of the housing environment 
on within-group variation, due to the fact that the effects seem to be time-, place-, 
animal-, and parameter-dependent (Mering et al., 2001). However, they pointed out that 
the effect of the housing environment on the experimental results should not be 
overlooked; “Although environmental enrichment is recommendable and it may even 
reduce the number of animals needed, it brings a new variable into research, which may 
complicate the evaluation of scientific data” (Mering et al., 2001).  
   
Concluding remark 
 At the beginning of the discussion about whether environmental enrichment would 
lead to more variation in the results and hence increase the number of animals used, 
there were two groups having completely opposite thoughts. The first group, which 
strongly beliefs in the benefits of environmental enrichment, argued that animals housed 
in an enriched environment tend to be less reactive to stressful experimental situation, 
therefore, react with a more homogeneous response resulting in less variation (Baumans, 
1997; van de Weerd et al., 2002). At the same time, the other group argued that a more 
complex enriched environment would produce a higher diversity of behaviour within the 
home-cage and, therefore, would increase the inter-individual variability in the responses 
of the laboratory animals to experimental treatments (Würbel and Garner, 2007). In 
order to find evidence for one of these claims, scientists started to investigate the 
influence of environmental enrichment on the variation of the results more than a decade 
ago. 
 Now, more then ten years later, the discussion has not yet ended, due to the fact 
that environmental enrichment has been reported to increase, decrease, or not affect 
variability, depending on the parameter studied (Eskola et al. 1999; Tsai et al. 2003; Van 
de Weerd et al., 2002). There are a few explanations for these inconclusive findings. 
First, the effect of environmental enrichment on the variation of the results could be 
parameter dependent, meaning that this influence varies between different species, 
different strains, different sex, different age, but also between the different types of 
environmental enrichment strategies. The second explanation is given by Augustsson and 
colleagues (2003). They state that in many laboratories, enrichment items are changed 
at irregular intervals and that, for example, the amount of nesting material differs 
between cages. This may result in a higher variation than if the use of environmental 
enrichment is standardized. The third, and last, possible explanation for these 
inconclusive findings, is that environmental enrichment could affect the reproducibility of 
experimental results, due to the fact that environmental enrichment potentially conflicts 
with standardization. This means that the use of environmental enrichment could 
potentially prevent that a certain result found in an experimental research, will be found 
again in a replicate study. Whether this is a valid explanation will be discussed in the 
next chapter. 
 Due to the inconclusive results and the three possible explanations, it is difficult to 
draw a clear conclusion on this subject. Therefore, instead of drawing conclusions, I 
would like to present my point of view in this discussion by assuming the worst case 
scenario. What if environmental enrichment indeed increases variability in the results and 
hence more animals are needed in order to gain the same statistical power, while at the 
same time, environmental enrichment enhances animal welfare? If this is the case, than 
the decision of providing environmental enrichment becomes difficult, because different 
aspects of the principles of refinement, reduction, and replacement (“the 3 Rs”) are 
involved (Russell & Burch, 1959). The application of environmental enrichment to the 
animal’s environment introduces refinement (i.e. refinement means that the degree of 
suffering is minimised; Russel, 2005). However, if the environmental enrichment also 
causes more variability in the study, and thus more animals are needed to achieve 
appropriate statistical power, then the goal of using fewer animals (i.e. reduction) is not 



 26 

achieved. Therefore, scientists need to balance the issues of enhanced animal welfare 
with the potential for reduced animal numbers used in the research (Baumans, 2005).  

Thus, even when enrichment increases variation within the experimental study, it 
is important not to overstate the variation but instead, to balance the variation against 
the improved wellbeing of the animals. Although the goal of good science is to minimize 
all sources of variation in order to achieve valid and reliable results in animal-based 
research, the possible variation introduced by environmental enrichment might not be a 
negative factor because it allows the laboratory animals to express more of their species-
specific behaviour, and that the experiment performed on a non-stressed and healthy 
animal (i.e. ‘happy’ animal; Poole, 1997) has indeed led to more reliable results (Young 
2003). 

In addition, when environmental enrichment increases variability, it could be 
argued that environmental enrichment should not be included. However, if environmental 
enrichment improves welfare of the animals to a reasonable extent it will most likely 
compensate for the increased number of animals used. From a utilitarian view, a better 
life for many may be considered preferable to a poorer life for the few (Sorensen et al., 
2004; Hansen et al., 1998).  

If scientists decide to provide environmental enrichment, there are two solutions 
with regard to its possible influence on the variability of the data. First, it would be 
advised to implement relatively simple environmental enrichment, because this will 
influence the variability less than a super-enriched complex cage (Baumans, 2005). 
Second, it is very important to describe the type of environmental enrichment sufficiently 
in the Material and Methods section of scientific publications to ensure the reproducibility 
of experimental results (Baumans, 2005). 

Thus, in my view (and possibly from other scientists as well), implementing a 
simple environmental enrichment strategy in combination with the description of the type 
of environmental enrichment in the Material and Methods section, environmental 
enrichment should be applied to the cages of laboratory animals. It potentially improve 
animal welfare and thus result in ‘happy’ animals. And, as became clear from the 
previous chapter, using ‘happy’ animals will result in reliable conclusions because they do 
not have physiological and behavioural disabilities. Therefore, while scientist perform 
research in order to provide more evidence to end this discussion, environmental 
enrichment strategies should be provided, because rather a better life for many than a 
poorer life for the few (Sorensen et al., 2004; Hansen et al., 1998). And in addition, 
when enrichment does not influence variability or even decreases it, which is still 
possible, there is no reason for not introducing environmental enrichment and, thus, 
contributing to the welfare of laboratory animals (Van de Weerd et al., 2002). 

 
 
 

 
 
 
 
 
 



 27 

Standardization and systematic environmental variation 
 
 Another way in which the validity of animal experiments has been challenged is by 
questioning the external validity of their results (Würbel and Garner, 2007). It is widely 
believed that environmental standardization is the best way to guarantee reproducible 
results in animal experiments. However, mounting evidence indicates that even subtle 
differences in laboratory (e.g. environmental enrichment) or test conditions can lead to 
conflicting test outcomes. 
 In 1999, Crabbe and colleagues performed a study in order to investigate the 
intra-laboratory reproducibility of findings. They addressed this problem of six mouse 
behaviours simultaneously in three laboratories using exactly the same inbred strains 
and one null mutant strain (Crabbe et al., 1999). The scientists in this study went to 
great lengths to try and reproduce laboratory-testing conditions across the three 
laboratories. Despite their efforts to equate laboratory environments, they did find 
disparate results across the laboratories. Crabbe and colleagues (1999) concluded that 
large strain differences are robust and unlikely influenced by site-specific interactions, 
but for behaviours with smaller genetic effects, there can be influences of environmental 
conditions specific to individual laboratories and even seemed to be idiosyncratic to a 
specific laboratory.  
 Conflicting findings between replicate studies, such as the study of Crabbe et al. 
(1999) have led to a debate about standardization from which two opposing views have 
emerged; (1) more rigorous environmental standardization will resolve the problem of 
poor reproducibility (Wahlsten, 2001; Öbrink and Rehbinder, 2000; van der Staay and 
Steckler, 2001, 2002), and (2) standardization itself is the cause of this problem 
(Würbel, 2000, 2002; Würbel and Garner, 2007). This debate contributes to the question 
whether environmental enrichment conflict with standardization and thus potential leads 
to less reproducible data.  
 
Rigorous environmental standardization solves problem 
 Standardization is advised to ensure the consistency among scientists and 
comparability of data across different laboratories (van der Staay et al., 2009). There 
are, for instance, three factors which may substantially affect the results of scientific 
research: (1) the genetic composition of the animals used (e.g. outbred versus inbred 
strains), (2) the test situation (e.g. apparatus and protocol), and (3) the laboratory 
environment in which the animals are housed (e.g. the animal’s environment and 
handling) (Wahlsten, 2001). If one or more of these three factors differs between 
replicate studies, the change of conflicting findings increases due to their substantially 
effect on the results of scientific research. This is exactly the argument on which the first 
group based their theory; results may differ both within and between laboratories due to 
the fact that some factors were not standardized, and rigorous standardization will 
resolve this problem of conflicting findings between replicate studies (Lewejohann et al., 
2006; van der Staay and Steckler, 2001; 2002; Wahlsten, 2003). 

Whereas standardization of the genetic composition of laboratory animals and the 
test situation is possible and desirable, standardization of laboratory environment seems 
impossible. That is, according to Wahlsten (2001), the reason why Crabbe and colleagues 
(1999) found differences in their results even after going through great lengths of 
standardization: “different experimenters at the three laboratories probably presented 
idiosyncratic arrays of odour cues and handled the mice somewhat differently”. This 
influence of handling is exactly what Poole (1997) already mentioned. Most often, 
standardization of the laboratory environment results in a standardized housing 
environment of the laboratory animals. In other words, laboratory animals are housed in 
small standard barren cages, often in social isolation, in order to standardize their 
environment. It seems logic, because due to the lack of stimuli, structural features and 
complexity, every individual will experience this environment similarly. To illustrate, 
when laboratory animals are socially housed, the dominant and subordinate will 
experience this differently resulting in more variation (e.g. subordinates have a higher 
level of stress hormones, experience more fear and have a suppressed immune system; 
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Hucklebridge et al. 1976; Benton et al. 1978; Beden and Brain, 1984, 1985). Thus, 
standardization of the laboratory environment, including the housing conditions, could 
potentially result in less variation between the animals. However, there is also a negative 
effect of this standardization of the housing conditions, namely the development of 
abnormal behaviours and physiology due to the limited opportunities for the animals to 
perform species-specific behaviours (e.g. social behaviour, exploring, seeking shelter, 
foraging, gnawing and nest building; Baumans, 2005; Olssen and Dalhborn, 2002; 
Balcombe, 2006; Jennings et al., 1998; Latham and Mason, 2004). And, as mentioned 
before, behavioural and physiological disabilities can be considered confounding factors 
due to their uncontrolled variables (Poole, 1997). Thus, is standardization of the 
laboratory environment a valid method? 

However, to guarantee reproducibility of experimental results, laboratory animal 
science textbooks advise experimenters to standardize the conditions of their 
experiments. According to Beynen and colleagues (2003), environmental standardization 
reduces variation in the data (i.e. within-experiment) and thereby maximizes test 
sensitivity. Higher test sensitivity allows a reduction of the sample size and thus the 
number of laboratory animals used. Therefore, standardization is promoted for ethical 
reasons (Festing, 2004a and 2004b).  Furthermore, environmental standardization 
reduces variation between different laboratories (i.e. between-experiment) and thereby 
increases the reproducibility of the results (Beynen et al., 2003). Van der Staay (2006) 
argues that results are preliminary as long as investigators, preferably other than those 
who originally performed the investigations, have not confirmed the results. However, a 
problem with this standardized approach is that one cannot be sure that the findings are 
also valid under different conditions, i.e. whether the findings can be generalized (van 
der Staay and Steckler, 2002). Nonetheless, rigorous standardization is recommended 
because any limitation of generalization of results due to standardization is considered to 
be small (Beynen et al., 2003).  
 According to Van der Staay and Steckler (2001), many scientists have wrongly 
interpreted the results from the study of Crabbe et al. (1999), to demonstrate that 
standardization of test conditions does not increase the reliability of results. This 
conclusion, based on wrong interpretations, is premature (van der Staay and Steckler, 
2001). They argue that even more rigorous standardization of all factors, that can 
potentially affect the experimental results, is needed to overcome these conflicting 
findings between replicate studies.  
 A very convincing example of the necessity to strictly standardise test conditions 
has been given by Crestani and colleagues (2000). Two groups (Crestani et al., 2000; 
McKernan et al., 2000; Rudolph et al., 1999) were able to show the same effects of a 
mutation of the a1GABAA receptor subtype under comparable testing conditions. 
However, initially the two lines of mice used by both groups seemed to differ in their 
drug-induced behaviour, although both had been constructed with the same point 
mutation, but Crestani et al. (2000) reported that the discrepancies were caused by 
differences in the behavioural protocols used by the two groups and not by differences in 
the mouse lines. Thus, under comparable test conditions, there are no apparent 
behavioural differences between the mice generated by the two laboratories (Rudolph et 
al., 1999; McKernan et al., 2000). This shows that taking environmental and technical 
details of test procedures into account may help to resolve inter-laboratory differences in 
results (Crestani et al., 2000). This must be considered as an example in favour of 
standardised testing conditions (van der Staay and Steckler, 2002). 
 
Standardization is the cause of the problem 
 As mentioned previously, in laboratory animal science it is advised to standardize 
environmental conditions in order to reduce variation in the data and increase 
reproducibility of results (Beynen et al., 2003). Indeed, standardization within a 
laboratory may reduce variation in the data and increase reproducibility of the results 
within that laboratory (Würbel and Garner, 2007). However, many environmental factors 
resist between-laboratory standardization (e.g. staff, room architecture and noise levels; 
Crabbe et al., 1999), resulting in laboratories standardizing to different local condition 
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(Wahlsten, 2001; Würbel, 2002). If a treatment response varies with local conditions, the 
standardization to different local conditions in laboratories will lead to results from 
different laboratories becoming more and more distinct (Würbel and Garner, 2007), and 
thus decreases the reproducibility of the results between laboratories.  
 The reproducibility of results is used as a measure of external validity. External 
validity stands for the ability to apply the results to other conditions (i.e. environmental 
contexts), populations or species (Campbell, 1957) and refers to the robustness of the 
results outside the circumstances in which it was established (Guala, 2003) and thus 
defines the extent to which a result can be generalized (Richter et al., 2009). Thus, if a 
result can be reproduced in a second experiment, either in the same or a different 
laboratory, the result is confirmed to be robust and externally valid. Those who 
recommend standardization to increase reproducibility of results (Beynen et al., 2003) 
state that experimental results only hold for the conditions under which the experiment 
has been carried out, and that therefore, the results obtained under standardized 
conditions can not be generalized (Beynen et al., 2003).  

Thus it is acknowledged that increased reproducibility through standardization is 
at the expense of external validity (Würbel, 2000). This is referred to as standardization 
fallacy and means that a result is highly reproducible under highly standardized 
conditions, but can be poorly generalized to other conditions (Würbel, 2000). 
Nonetheless, rigorous standardization is recommended because any limitation of 
generalization of results due to standardization is considered to be very small and thus 
negligible (Beynen et al., 2003; Wahlsten, 2001).  
 Several studies have indeed shown that despite extraordinary efforts to 
standardize environmental test conditions between laboratories, the experimental results 
were poorly reproducible. Wahlsten et al. (2003) decided to address the question of 
reproducibility of results in different laboratories systematically, by testing the resilience 
of genotypic influences, using mice of eight genotypes simultaneously in three 
laboratories on a battery of six simple behaviours (Crabbe et al., 1999). They 
standardized apparatus, test protocols, and other environmental variables to minimize 
non-genetic sources of variability. The results of their study indicate that standardization 
of the test situation does not guarantee identical results in different laboratories, because 
of large effects of laboratory environments. 
 In another study, performed by Lewejohann et al. (2006), systematic variation of 
housing conditions, laboratories and experimenters was applied in order to test the 
influence of these variables on the outcome of behavioural tests. In spite of their 
extensive protocol standardizing laboratory environment (i.e. light intensity, light/dark 
cycle, temperature and test apparatuses), animal maintenance and testing procedures 
between laboratories and experimenters, significant differences between different 
laboratories and different experimenters were found.  
 Wahlsten and colleagues (2006) wondered whether conducting the same 
experiment in two laboratories or repeating a classical study many years later, would 
obtain the same results. They tried to answer this question by selecting historical 
comparisons studies based on previously published reports of tests given to inbred 
strains from The Jackson Laboratory. They concluded that the systematic comparison of 
recent and classical data sets was not sufficient to draw conclusions about what kinds of 
behaviour would be most and least robust across laboratories. However, they suggested 
that behaviours closely associated with sensory input and motor output would be less 
affected by minor variants in the laboratory environment, whereas behaviours related to 
emotional and social processes would be more affected (Wahlsten et al., 2006).  
 Thus, both theoretical considerations and empirical evidence indicate that the 
concept of environmental standardization seriously limits external validity of animal 
experiments and therefore decreases reproducibility of the results (Würbel and Garner, 
2007). Thus those who argue that environmental standardization reduces animal 
numbers by reducing variation in the data simply ignore that additional animals will be 
needed in replicate studies to test whether the results are actually robust against even 
minor variations in the environment (i.e. testing externally valid) (Würbel and Garner, 
2007). 
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Systematic environmental variation 
Empirical evidence indicates that subtle differences between laboratory, housing 

or test conditions can lead to conflicting test outcomes and raise the question as to 
whether standardization is the appropriate approach to resolve this problem (Richter et 
al., 2009). In order to gain reproducible results across laboratories, the experimental 
results should have to be applicable to at least the range of environmental conditions 
covered by laboratory differences (Richter et al., 2009). In addition, for the results to be 
relevant they should be reasonably robust against some variation in the environment 
(Würbel and Garner, 2007). 
 Richter and colleagues (2009) state that due to standardization, animals within 
laboratories will be more homogenous than animals between laboratories, due to the 
resistance to between-laboratory standardization of environmental factors. Therefore 
they propose systematic and controlled environmental variation, which should improve 
the reproducibility of results, because systematic environmental variation renders the 
animals within experiments more heterogeneous, increasing the external validity of the 
results, without confounding the variation due to treatment (Richter et al., 2009).  
 The proposal of systematic environmental variation by Richter and colleagues 
(2009) was based on the results of their study. They used previously published data 
(Wolfer, 2004) from female mice of two inbred strains (C57BL/6J, DBA/2) and one hybrid 
strain (B6D2F1) that had been tested for behavioural strain differences in a multi-
laboratory study involving three different laboratories. Each laboratory had three 
independent batches of mice that were housed in either enriched or unenriched cages. 
These female mice of three strains, distributed across three laboratories, three batches 
per laboratory and two housing conditions, were allocated to 18 standardized and 18 
heterogenized (i.e. made possible through systematic environmental variation) replicate 
cohorts. Then they compared the variance and the rate of ‘false positive’ and ‘false 
negative’ results in the standardized and heterogeneous group to the pooled findings.  
 They found that the variance between replicate experiments was greater in 
standardized replicates compared to heterogenized replicates, indicating that stan-
dardization results in lower reproducibility of the results. Furthermore, they found that 
standardized replicates produced 9.4% ‘false positive’ results, compared to 1.3% among 
heterogenized replicates, indicating that standardization increases the rate of 
idiosyncratic results. In addition, the rate of ‘false positive’ results in standardized 
replicates, in contrast to heterogenized replicates, was significantly higher than expected 
by chance alone, indicating that standardization may introduce a systematic source of 
‘false positive’ results. 
 Based on these results, Richter and colleagues (2009) concluded that 
environmental standardization introduced a systematic source of idiosyncratic results 
above chance alone and thus cannot guarantee reproducible results. The increased risk 
for spurious results, results in the fact that standardization may create scientific 
uncertainty in many areas of laboratory research. This will lead to the need for replicate 
studies, which causes economic costs and, with respect to animal research, undermines 
the ethical goal of reducing animal use by increasing test sensitivity. In addition, their 
findings demonstrate that the reproducibility of results may be improved and spurious 
results avoided, by introducing adequate environmental heterogenization into the 
experimental design. 
 However, Paylor (2009) challenged their findings. He claimed that the findings of 
Richter and colleagues (2009) were based upon retrospective analysis and that 
heterogenization was logistically unfeasible. Paylor (2009) states that there may be some 
disagreement about how the particular behavioural responses were selected and about 
their choice to use only the extremes of minimized (standardized) and maximized 
(heterogeneous) environment variation groups. However, their approach can be 
considered reasonable and the implications should not be taken lightly. According to 
Paylor (2009), the most logical next step would be to empirically test the hypothesis. 
This was (although not with those intents) already done to some extent in the study of 
Crabbe et al. (1999). Unfortunately, this study (Crabbe et al., 1999) did not attempt to 
lighten the standardization in order to determine whether a heterogeneous approach 
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would have yielded more reproducible results. This, however, was done by Richter and 
colleagues (2010), who tested and confirmed their hypothesis empirically, showing that 
even simple heterogenization within experiments would improve reproducibility between 
experiments (Richter et al., 2010). 
 In this experiment, they allocated 256 female mice of two inbred strains (C57BL/6 
and BALB/c) to four standardized and four heterogenized replicate experiments, and 
examined strain differences in three behavioural tests (free exploration, open field and 
novel object). To mimic different laboratories, they varied experimental conditions 
between replicate experiments. They found that the strain differences were relatively 
consistent among heterogenized experiments, while they varied considerably between 
standardized experiments. In addition, the between-experiment variation was lower in 
the heterogenized design, indicating better reproducibility (Richter et al., 2010). 
Furthermore, they found that the effect of the ‘strain’ was stable in the four 
heterogenized experiments, while the outcomes of the four standardized experiments 
were highly variable, suggesting that within-experiment standardization increased test 
sensitivity at the expense of reproducibility.  
 Based on their results, Richter and colleagues (2010) concluded that their findings 
empirically confirmed that standardized experiments could generate spurious results by 
increasing test sensitivity at the expense of external validity. They also concluded that 
even simple forms of heterogenization could render study populations sufficiently 
heterogeneous to guarantee robust results across the unavoidable variation between 
experiments (Richter et al., 2010). 
  
How to apply systematic environmental standardization? 
 Unfortunately, both studies of Richter et al. (2009; 2010) failed to provide direct 
guidelines for the scientists who would be interested in trying to use a more 
heterogeneous environment for their behavioural studies. In the essence, they argue that 
to generate results that are most likely going to be reproducible in other laboratories, the 
strategies to standardize environmental conditions in an experiment should be minimized 
(Paylor, 2009). According to Richter and colleagues (2009), methods are needed for 
within-laboratory heterogenization resulting in populations that better represent the 
range of environmental variation between laboratories. The age of the animals and 
various aspects of their housing conditions (for example, cage size, type of enrichment 
and group size) are promising variables in this respect (Richter et al., 2009). An example 
of this within-laboratory heterogenization is shown in figure 5. Next to the differences of 
the animals themselves (e.g. age), the housing condition of the cages in which the 
animals are housed are heterogenized as well.  
 An important, critical note put forth by Richter et al. (2009), is that systematic 
environmental variation would improve the reproducibility of results, as long as the 
animals are ‘matched’. This means that for each treatment animal, a control animal is 
selected from the same microenvironment.  
 According to Würbel and Garner (2007) simple solutions do exist in order to 
achieve systematic environmental variation; using randomized block designs (figure 6). 
Randomized block designs allow the introduction of environmental variation in a 
systematic and controlled way, without the need for larger sample sizes, while at the 
same time increasing precision and statistical power (Beynen et al., 2003). The increased 
precision and statistical power with randomized block designs are due to the fact that 
inter-individual variation within each block is normally smaller than overall variation in an 
unblocked design and due to the fact that comparing treatments within blocks only 
eliminates the between-block variation (Beynen et al., 2003). 



 32 

 
Figure 5. From Paylor (2009). Heterogeneous conditions, minimized standardization, lead to more 
reproducible behavioural results. Both the animals themselves (e.g. age) and the housing 
conditions of the animals are heterogenized. 
 

 

 
Figure 6. From Würbel and Garner (2007). A randomized block design for an experiment in which 
genotype is considered the treatment. The animals are housed in three different housing systems 
(red, blue, green) to introduce systematic environmental variation. The three housing conditions 
differ from each other. As shown, housing variants red and green e.g. differ in whether they do 
(red) or do not (green) contain shelter in addition to nesting material. Variant blue (not shown 
here) might e.g. be larger cages or involve pre-test handling. The combination of cage and housing 
variant represents the blocking factor in the statistical design. In principle, however, each coloured 
cell of two paired cages might represent a slightly different environment. Using cell as blocking 
factor controls for the environmental variation between the cells and increases external validity of 
the results without inflating sample size (Würbel and Garner, 2007). 
 
Concluding remark 
 The decision to rigorously standardize or to loosen experimental control with 
systematic environmental variation depends on the questions a study tries to answer and 
should be based on the specific needs to meet the intended goal (van der Staay et al., 
accepted article). Most often, the goal of experiments and using animal models is to 
generalize the findings to humans and/or a species other than the one studied, or in the 
same species to conditions different from those under which the study was performed 
(Arndt & Surjo 2001, van der Staay 2006). As discussed above, results obtained in highly 
standardized studies are only valid under those exact conditions. Thus, if the goal of a 
study is to generalize to a larger population, one might heterogenize environmental 
conditions with systematic environmental variation. However, if the effects are subtle, 
the chance of false negative findings will increase and the effects may remain undetected 
when tested under heterogeneous environmental conditions. This might be due to some 
environmental conditions promoting, while others suppressing the expression of a 
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specific behavioural phenotype, or the effects become unnoticed in the noise caused by 
uncontrolled factors (Calisi & Bentley 2009). 
 On the other hand, a strictly standardized study might fail to detect the effects, 
because the environmental conditions may not promote the expression of a particular 
phenotype. However, in situations in which false negatives can be counterproductive or 
even dangerous (e.g. in toxicological studies and in drug safety testing), experiments 
based on standardization may provide more useful information (van der Staay et al., 
accepted article).  
 Thus in conclusion, systematic environmental variation should not be applied in 
proof of principle studies, considering the higher risk of false negative findings, unless 
the expected effects are large and robust (van der Staay et al., accepted article). 
 How can this all together be translated to the discussion whether happy animals 
make good science? To begin with, standardization does not seem to fit in with the 
happiness of laboratory animals. As discussed in the beginning of this chapter, 
standardization of the laboratory environment results in a standardized housing 
environment of the laboratory animals. In other words, laboratory animals are housed in 
small standard barren cages, often in social isolation, in order to standardize their 
environment. These housing conditions can result in the development of abnormal 
behaviours and physiology due to the limited opportunities for the animals to perform 
species-specific behaviours (e.g. social behaviour, exploring, seeking shelter, foraging, 
gnawing and nest building; Baumans, 2005; Olssen and Dalhborn, 2002; Balcombe, 
2006; Jennings et al., 1998; Latham and Mason, 2004). And, these behavioural and 
physiological disabilities can be considered confounding factors due to their uncontrolled 
variables (Poole, 1997).  
 Furthermore, supporters of rigorous standardization already point out that the 
laboratory environment cannot be completely standardized (in comparison to the genetic 
composition and test situation). In my opinion it would make sense to allow this 
unavoidable variation in a controlled and systematic way, which is the case with 
systematic environmental variation. In addition, systematic environmental variation is a 
method which applies within-laboratory heterogenization, resulting in populations that 
represent the range of environmental variation between laboratories, and hence 
improves the reproducibility of experimental data. Thus, the external validity of the 
results is increased, because the results can be applied in different environmental 
contexts. Furthermore, systematic environmental variation allows the provision of 
environmental enrichment, resulting in ‘happy’ animals and hence in reliable conclusions 
(Poole, 1997).    
 Thus, systematic environmental variation should be applied in order to guarantee 
good science and the happiness of the laboratory animals. However, it would still be 
advisable to use standardization rather than systematic environmental variation in proof 
of principle studies, considering the higher risk of false negative findings of with 
systematic environmental variation, unless the expected effects are large and robust 
(van der Staay et al., accepted article). 
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Discussion 
 
Important findings 

With his statement “happy animals make good science”, Poole (1997) argues that 
scientific research should be based upon healthy animals that have a normal physiology 
and express normal behaviour, and that the use of animals whose welfare is 
compromised (i.e. animals that have physiological and behavioural disabilities), results in 
unreliable conclusion due to the fact that these disabilities can be considered a 
confounding factor. Thus “happy animals make good science’ refers to the fact that 
animals whose welfare is not being compromised are suitable subjects for science, while 
animals whose welfare is being compromised are unsuitable subjects (Poole, 1997). This 
thesis discussed several questions in order to evaluate the influence of environmental 
enrichment on the statement of Poole (1997), “happy animals make good science”.  

In order to evaluating the influence of environmental enrichment, it was important 
that each step was evaluated separately, before drawing conclusion. The important 
findings of this evaluation are summarized. Animal welfare is the physical and 
physiological wellbeing of animals. It is believed that animal welfare is present when an 
animal can reliably predict and control relevant events by means of species-specific 
behaviours (Wiepkema and Koolhaas, 1993). If relevant events become permanently 
unpredictable and uncontrollable, it will results in an environment which is beyond the 
control of animals; they cannot adapt to and cope adequately with their environment and 
their welfare is compromised. In this situation, chronic stress symptoms become visible: 
abnormal behaviour develop (e.g. stereotypies), and the baseline level of physiological 
measures becomes chronically elevated (e.g. plasma corticosteroid levels) (Wiepkema 
and Koolhaas, 1993). The housing systems for laboratory animals have been designed 
according to hygienic, economic and ergonomic requirements to provide standardized 
conditions with little or no consideration for animal welfare (Baumans, 2004, 2005; 
Olsson et al., 2003). This type of housing condition (i.e. small, standard, barren cages) 
provides limited stimuli, prevent laboratory animals from exerting control over their 
situation, and gives limited opportunities for the animals to perform species-specific 
behaviours (e.g. social behaviour, exploring, seeking shelter, foraging, gnawing and nest 
building) (Baumans, 2005; Olssen and Dalhborn, 2002; Balcombe, 2006; Jennings et al., 
1998; Latham and Mason, 2004).  

Thus, standard laboratory cages compromise the welfare of laboratory animals 
and results in animals with behavioural and physiological disabilities. The use of these 
animals for scientific research would not be appropriate according to Poole, due to the 
fact that these animals can be considered confounding factors due to the many 
uncontrollable variables in their behavioural and physiological disabilities. He based this 
upon several studies which investigated the influence of social factors, the physical 
environment and the handling on the happiness of laboratory animals. If animals are not 
housed in the right social condition, if animals have to deal with uncontrollable, 
unpredictable husbandry events, and if animals are not treated kindly and gently, the 
welfare of these animals can be compromised resulting in animals with behavioural and 
physiological disabilities. Thus according to Poole (1997) scientists are obligated to do 
everything practicable to ensure the happiness of laboratory animals, due to the fact that  
‘happy’ animals are healthy and have a normal physiology and behaviour. These animals 
are able to cope with the stressors to which they are subjected, and will not be in pain, 
or distressed and resist disease. If these happy animals receive a good and simple 
treatment, stress will be even more reduced and animals become confident, cooperative 
and easily handled. Therefore, ‘happy’ animals are suitable subjects. Many scientists 
accept this idea that animal welfare can directly affects the scientific validity and 
repeatability of the data, due to the fact that compromised welfare can introduce 
unwanted variables into an experiment (e.g. abnormal behaviours), resulting in increased 
variance and non-reproducible data. In addition, improving animal welfare, reduces or 
prevents the occurrence of abnormal behaviour and physiology (Olssen and Dahlborn, 
2002), and thus eliminates the confounding factor ‘unhappiness’ (i.e. the uncontrolled 
variables).  
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One way to reduce or prevent the occurrence of abnormal behaviour and 
physiology, and potentially increase animal welfare, is the application of environmental 
enrichment. The provision of environmental enrichment, results in an increased 
complexity of an enclosure in order to provide the opportunity for animals to perform 
species-specific behaviours, with the goal of improving animal welfare (Young, 2003; 
Baumans, 2005). However, although intuition and even direct observation indicate that 
environmental enrichment promotes species-specific behaviours, data showing that 
rodents benefit from these changes are often inconclusive (Benefiel et al., 2005; Olssen 
and Dahlborn, 2002). This means that the results (i.e. benefit for animal welfare) often 
vary between different species, different strains, different sex, different age, etc.  

However, despite the lack of scientifically evidence and scientifically based 
guidelines, environmental enrichment is a widely accepted practice. In addition, many 
recent studies on rodent welfare support the view that environmental enrichment is by 
definition a good thing, without evidence that it is essential for animal welfare or 
consideration of its possible effects on experimental outcomes (Benefiel et al., 2005). 
Considering the effects environment enrichment can have on the physiology, brain 
structure and function, and the behaviour of animals, it makes sense that scientists have 
concerns about how these changes may affect experimental data and the validity of 
research results (Benefiel et al., 2005).  

Studies have reported that environmental enrichment has the potential to 
increase, decrease, or not affect variability, depending on the parameter studied (Eskola 
et al. 1999; Tsai et al. 2003; Van de Weerd et al., 2002). Thus, the data on this matter is 
inconclusive. However, it is important to realise that when enrichment increases 
variation, the variation should be balanced against the improved welfare of the animals. 
Some scientist argue that when environmental enrichment increases variability, it should 
not be included. However, if environmental enrichment improves welfare of the animals 
to a reasonable extent it will most likely compensate for the increased number of animals 
used. 

There was (and still is) another concern about the application of environmental 
enrichment, namely the fact that environmental enrichment compromises 
standardization. Standardization is advised to ensure the consistency among scientists 
and comparability of data across different laboratories (van der Staay et al., 2009). 
There are, three factors which may substantially affect the results of scientific research 
and should be standardized in order to prevent any effect: (1) the genetic composition of 
the animals used, (2) the test situation, and (3) the laboratory environment in which the 
animals are housed (Wahlsten, 2001). 

In order to standardize the housing environment of laboratory animals, the 
animals are housed in small standard barren cages, often in social isolation. Due to the 
lack of stimuli, structural features and complexity, every individual will experience this 
environment similarly (e.g. no differences in stress hormone levels, fear expression and 
immune response; Hucklebridge et al. 1976; Benton et al. 1978; Beden and Brain, 1984, 
1985). Thus, standardization of the laboratory environment, including the housing 
conditions, could potentially result in less variance between the animals. Whether this is 
true and evidence based, will be discussed later. Thus, scientists who strongly believe in 
standardization, think that environmental enrichment can disrupt standardization and 
result in non reproducible data.  

However, conflicting findings between replicate studies, such as the study of 
Crabbe et al. (1999) have led to a debate about standardization from which two opposing 
views have emerged; (1) more rigorous environmental standardization will resolve the 
problem of poor reproducibility (Wahlsten, 2001; Öbrink and Rehbinder, 2000; van der 
Staay and Steckler, 2001, 2002), and (2) standardization itself is the cause of this 
problem (Würbel, 2000, 2002; Würbel and Garner, 2007). Supporters of rigorous 
standardization already point out that the laboratory environment cannot be completely 
standardized (in comparison to the genetic composition and test situation). It does make 
sense to allow this unavoidable variation in a controlled as systematic way, which is the 
case with systematic environmental variation. In addition, systematic environmental 
variation is a method which applies within-laboratory heterogenization, resulting in 
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populations that represent the range of environmental variation between laboratories, 
and hence improves the reproducibility of experimental data. Thus, the external validity 
of the results is increased, because the results can be applied in different environmental 
contexts. 
 
Future work 

In this evaluation about the influence of environmental enrichment on the 
statement “happy animals make good science”, a few findings resulted in even more 
questions.  As already discussed in the last chapter, therefore I will not go into detail, it 
is argued that standardization decreases variation. It sounds intuitively right that 
standardizing the genetic composition of the laboratory animals and the experimental 
procedures can result in less variation. However, is this statement evidence based? 
Especially, regarding the standardization of the laboratory environment, standardization 
could potentially also result in increased variation (i.e. standard laboratory cages result in 
abnormal behaviour and physiology, see p. 29). What makes this even more interesting, 
standardization is widely accepted and scientists refer to it as a good method to decrease 
variability and thus number of animals used. But, if this is true, how come that so many 
replicate studies result in conflicting findings? Thus, it would be good to conduct research 
on this topic. 

Another discussible subject is environmental enrichment and its influence on 
animal welfare and scientific results. Both these influences of environmental enrichment 
remain inconclusive, meaning that the results (i.e. benefit for animal welfare or its 
influence on variance) often vary between different species, different strains, different 
sex, different age, and between different types of environmental enrichment strategies. 
However, despite the lack of scientifically evidence and scientifically based guidelines, 
environmental enrichment is a widely accepted practice. Many recent studies on rodent 
welfare support the view that environmental enrichment is by definition a good thing, 
without evidence that it is essential for animal welfare or consideration of its possible 
effects on experimental outcomes. I think that this in particular, deserves more attention 
and a clear answer. Thus, more research should be conducted on this topic as well.   

Applying environmental enrichment is largely based on what was intuitively 
perceived as important, and there is a need for more research to determine whether this 
is indeed evidence based. There are a few possible steps to evaluate the effect of 
environmental enrichment on animal welfare and experimental results (Olsson and 
Dahlborn, 2002). First, it would be a good idea to evaluate the effect of environmental 
enrichments on welfare related parameters (e.g. behaviour in the home cage, reaction to 
handling and novelty). This evaluation should be conducted with a sufficient number of 
animals of both sexes, various ages and at least from two strains. This is needed in order 
to determine whether the effect of environmental enrichment is parameter dependent. It 
is also important that effects of environmental enrichment are studied over a longer 
period, so that the recorded effect is not only a novelty effect.  
 If this evaluation results in the conclusion that certain environmental enrichment 
strategies improve animal welfare, a second experiment is needed. In this experiment, 
the same environmental enrichment strategies are evaluated, but this time for its effect 
on parameters relevant to the experiments (e.g. baseline physiology, immunology 
parameters or reactions in behavioural tests). These two types of experiment will provide 
a better view of the affect of environmental enrichment on the animal welfare and on 
experimental results. 
 
Conclusion 

Now that all important findings of the different evaluation steps are summed up 
and certain things discussed, one should be able to draw conclusions about the influence 
of environmental enrichment on the statement “happy animals make good science”. To 
start with, the statement “happy animals make good science” from Poole (1997) is 
evidence based, and even 13 years after, scientists agree with his idea. Thus scientist 
should do everything practicable to ensure the happiness (i.e. welfare) of their laboratory 
animals.  
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One way to ensure the happiness of animals is the application of environmental 
enrichment. It has been shown that animals have a great preference for certain 
environmental enrichment strategies and are even willing to work for it. In addition, 
some environmental enrichment strategies reduce or prevent the occurrence of abnormal 
behaviour and physiology. Despite the inconclusive results (i.e. the beneficial effects of 
environmental enrichment are parameter dependent) no direct negative effects have 
been found on the welfare of animals. Therefore, environmental enrichment is considered 
to be a strategy that tackles the underlying causes of abnormal behaviour and 
physiology, and results in improved welfare.  

Whether environmental enrichment results in more variation in the experimental 
data remains unclear, because studies have reported that environmental enrichment has 
the potential to increase, decrease, or not affect variability, depending on the parameter 
studied. However, in my opinion, if environmental enrichment improves welfare of the 
animals to a reasonable extent it will most likely compensate for the increased number of 
animals used due to its potential increase in variance. I agree with the utilitarian view; a 
better life for many may be considered preferable to a poorer life for the few.  

These thoughts result in the fact that I personally believe that systematic 
environmental variation should be applied in laboratory animal science, because it allows 
the provision of environmental enrichment, resulting in ‘happy’ animals and in reliable 
conclusions. Furthermore, reproducibility and external validity is also increased. 
However, systematic environmental variation should not be applied in proof of principle 
studies, considering the higher risk of false negative findings, unless the expected effects 
are large and robust.  

Thus, in conclusion, if environmental enrichment is applied according to the 
systematic environmental variation method, it will result in happy animals and in good 
science.  
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