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Animal welfare science is a blend of so many different subdisciplines 
(e.g. ethology, physiology, zoology, veterinary science) that animal wel-
fare  scientists hardly notice that they are applying different disciplines to 
 address a research question. When animal welfare researchers then speak 
about multidisciplinary or interdisciplinary research, it usually consid-
ers the  involvement of stakeholders, which is actually transdisciplinary 
research. The use of multiple terms, the blending and vague distinction 
 between many subdisciplines, and the lack of information and training 
on this subject often make the application of interdisciplinary research 
in animal welfare  science undefined and unstructured. Research funders 
 increasingly require a certain level of interdisciplinary research, but in 
practice, the execution of the envisaged plans mostly do not deliver to their 
maximum potential. The aim of this book is to provide practical informa-
tion about interdisciplinary research, particularly to students and research-
ers of animal behaviour, animal welfare and veterinary sciences. The aim of 
this chapter is to provide a brief introduction to animal welfare and animal 
 welfare  science, and to interdisciplinary research within this context.

1.1 A Definition of Animal Welfare

Animal welfare has many different definitions, and across the decades 
the discussion about ‘What is animal welfare?’ and ‘What is the most 
 appropriate definition to use?’ has varied in intensity (reviewed by Carenzi 
and Verga, 2009; Ohl and van der Staay, 2012). The need for a unified 
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definition becomes particularly important when it influences international 
law and regulations. The consequence of a specific definition of animal 
welfare has widespread implications when it is implemented in large in-
ternational organizations such as, for example, the World Organization 
for Animal Health (OIE), the Food and Agriculture Organization (FAO), 
the Royal Society for the Prevention of Cruelty to Animals (RSPCA) and 
World Animal Protection. For the operational definition, the specific use 
of words, the level of detail and the suitability for applying the definition to 
practical situations are of great importance, especially when the definition 
is used for welfare assessment in practice and when certification schemes 
are based on such assessment.

Historically, animal welfare was approached from three angles, whereby 
researchers remained largely with their own perspective and dismissed the 
others (Fraser, 2008). One would view animal welfare as (i) the physiologi-
cal state of the animal; (ii) whether the animal’s life resembled the natural 
situation of the species; or (iii) whether the animal expressed a positive 
emotional state. Nowadays, animal welfare embraces all three  viewpoints 
and accepts them all as relevant. However, some researchers lean more 
towards one perspective than the other two whereas others embrace an 
 integration of the three. Definitions of animal welfare reflect these views, 
with some referring to one of the viewpoints whereas others  combine them.

The lack of a single definition does, however, make sense. It is the great-
est blessing to animals that animal welfare is not a static concept. If it were, 
then we would still be stuck with the idea that animals are like  machines 
and do not feel pain. This does not disqualify all the old  definitions. Simply, 
humans cannot express what they do not know, and in the past there was 
not much knowledge about the physical and especially mental  experience 
of animals. A definition that captures this concept would be that ‘ animal 
 welfare is a societal concept that evolves with human knowledge and  humans’ accept-
ance of animals’ capacity to experience and perceive.’

My proposition is that, for this reason, there cannot be one concep-
tual definition of animal welfare that can stand across time, as society and 
human knowledge is ever- evolving. Research is constantly providing new 
information that feeds into the body of knowledge that eventually leads to 
human perception of animals (Fig. 1.1). The progress of human knowledge 
and acceptance about animals’ capacity to experience (e.g. emotions) and 
perceive (e.g. pain) is frustratingly slow (as also expressed and explained 
by Millman et al., 2004). It has gradually been accepted that (some) animals 
can experience pain and that they are sentient (Duncan, 2006). For the 
majority of species, especially invertebrates, this is still under development. 
The a priori assumption of a lack of sentience in  unstudied or understudied 
species, even when scientific evidence is present (Duncan, 2006), has led 
to massive intentional and unintentional legally accepted abuse of species. 
Jeremy Bentham’s (1789) famous quote: ‘The question is not, Can they rea-
son?, nor Can they talk? but, Can they suffer?’ does still today deserve more 
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attention. For a historical overview of the concept of  animal  sentience, 
see Duncan (2006). It is only relatively recent that  animal emotions have 
been considered, again mainly for mammals. Initially, this entailed only 
the basic emotions such as fear and anger, whereas more complex emo-
tions such as jealousy are nowadays studied but looked upon with scepti-
cism (Webb and de Waal, 2018). Likewise, the notion of animal awareness 
and consciousness has developed slowly. Animal awareness was addressed 
early on by Griffin in his book The Question of Animal Awareness (Griffin, 
1976). Griffin presented an overview in which the term ‘consciousness’ was 
determined as being the most taboo in animal behaviour. Few continued 
to address animal consciousness (e.g. Dawkins, 1993; Griffin, 2001), and 
a recent review on animal consciousness shows major progress partly due 
to the integration of neuroscience (Paul et al., 2020). The end of Fig. 1.1 
is absent for a reason. We are still in the kindergarten of understanding 
 human consciousness and the full human potential, and therefore it would 
be unjustified to place any limitations on what we believe to be animals’ 
maximum capacity to experience.

The concept that there cannot be one definition of animal welfare 
across time may be true but is clearly unsuitable in practice. Operational 
definitions almost all refer fully or in part to the Five Freedoms (described 
in section 1.2 below), which were formulated in 1965. For example, the 
OIE defines animal welfare as ‘the physical and mental state of an animal 
in relation to the conditions in which it lives and dies’, but uses as guiding 
principles the Five Freedoms. Although the Five Freedoms are still very 
 applicable, we have to acknowledge that using definitions that were writ-
ten many decades ago may not capture the full needs of animals as we see 
them today. The need to update long- standing concepts has indeed been 
recognized (Ohl and van der Staay, 2012; Mellor, 2016; see also section 1.2 
 below), and there is a clear call for quality of life and a life worth living, 
rather than merely keeping animals on the edge of their ability to adapt to 
a situation. For example, the well- cited definition of Broom (1986, p. 524) 
where the welfare of an animal is ‘its state as regards its attempts to cope 
with its environment’ is still relevant but may have become outdated as the 

Animals do not
feel pain ... can suffer ... are sentient

beings
... have

emotions
... have

consciousness ...

Fig. 1.1. Animal welfare as a societal concept that evolves with human knowledge 
and humans’ acceptance of animals’ capacity to experience and perceive. The 
word ‘animals’ is in most cases to be replaced by ‘at least part of the vertebrate 
species’ as the knowledge on many vertebrates (especially other than mammals) 
and invertebrates is lacking. Consequently, the majority of species are still treated 
under the assumption that they do not feel pain.



4 I. Camerlink

field of science is increasingly emphasizing the need to include positive 
welfare states (e.g. Rault et al., 2020). The former concepts and definitions 
were an appropriate reflection of the situation at that time but in some 
 cases may need to be reconsidered regarding the aspects that are relevant 
in the current time. This is therefore an encouragement for research-
ers and policy makers not just to rely on long- standing definitions but to 
 reformulate concepts where needed, and to keep doing so, in order to 
reflect the recent scientific knowledge and human perception of  animals 
and their needs.

1.2 The Five Freedoms

The Five Freedoms penetrate through all levels of animal welfare 
 engagement, from research to international organizations and industry. 
The framework was formulated by the Farm Animal Welfare Advisory 
Committee (FAWC) in 1965, which was commissioned by the UK 
Government and led by Professor Brambell. The Five Freedoms are part 
of the Brambell Report on the welfare of animals in livestock husbandry 
(Brambell Committee, 1965). Although the report considered livestock, it 
is to some extent also applicable to other domesticated animals. The Five 
Freedoms state that an animal should have the following:

1. Freedom from hunger or thirst by ready access to fresh water and a diet 
to maintain full health and vigour.

2. Freedom from discomfort by providing an appropriate environment 
 including shelter and a comfortable resting area.

3. Freedom from pain, injury or disease by prevention or rapid diagnosis 
and treatment.

4. Freedom to express (most) normal behaviour by providing sufficient 
space, proper facilities and company of the animal’s own kind.

5. Freedom from fear and distress by ensuring conditions and treatment 
that avoid mental suffering.

Although the Five Freedoms seem obvious requirements for basic 
 animal welfare, they are hardly ever satisfied in commercial farming, par-
ticularly in intensive farming systems. In many farming practices, at least 
one, but often multiple, of the Five Freedoms is violated by default. For 
 example, feed restriction is a common management procedure in poul-
try and pig husbandry to regulate productivity (hindering freedom of 
hunger); adult cattle, poultry and pigs often suffer from injuries due to 
 inappropriate resting areas (impairing freedom from discomfort and 
pain); disease and injury are common in all livestock sectors (no free-
dom from injury and disease); the ability to express natural behaviour is 
heavily restricted in intensive farming systems, resulting in behavioural 
problems (limited freedom to express natural behaviour); and fear and 
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distress is common across species due to rough or unpredictable handling 
by  humans ( impeding freedom from fear and distress). Judging a situation 
by the Five Freedoms is therefore not easy and should be considered in 
relation to the percentage of animals that are affected and the duration 
of the suffering. Webster (1994) indeed wrote that it is unrealistic that all 
Five Freedoms are attained, but that it is an  attempt to improve the situ-
ation. A reason that it has  remained in use for so many years may be due 
to its simple and clear formulation of basic needs of animals, and that it is 
still relevant. Suggestions have been made for  updating the Five Freedoms. 
Ohl and van der Staay (2012) suggest rephrasing the Five Freedoms: in-
stead of having ‘freedom from’ hunger, pain, etc. they suggest ‘freedom to 
 adequately  respond to’ hunger, pain, etc., and further add ‘…and adapt to 
changing living conditions up to a level that is perceived as positive’. Mellor 
and Beausoleil (2015) developed the Five Domains model based on the 
Five Freedoms. This model was extended several times to include relevant 
changes that occurred within animal welfare science, such as positive wel-
fare states (Mellor and Beausoleil, 2015) and human–animal interactions 
(Mellor et al., 2020). For non- livestock species, especially companion or 
wild animals, other approaches, such as the Duty of Care framework (about 
the need to take proper care of an animal under your responsibility), may 
be more appropriate. Modification or proposed new frameworks are, how-
ever, only marginally taken up in practice. One reason for this might be 
that students are taught to use original (old) definitions and concepts, and 
that they maintain these as they advance in their careers.

1.3 Animal Welfare Science

Comprehensive overviews of the history and development of animal  welfare 
science have been given by, among others, Millman et al. (2004), Broom 
(2011) and Keeling et al. (2011). In brief, animal welfare was for a long 
time not regarded as scientific. Whereas some researchers considered ani-
mals as response machines and disregarded animal sentience and  animal 
emotions as non- scientific, others commenced working on the  topic of 
behaviour and sentience and established a basis for what later developed 
into animal welfare science. The interest in animal welfare markedly grew 
after the publication of the book Animal Machines by Ruth Harrison in 
1964. She criticized the intensive way of farming and gained widespread 
social support in her appeal for farm animals. Following this, the Brambell 
Committee was established, which eventually led to the adoption of the 
Five Freedoms (Brambell Committee, 1965).

Ethology had a key role in the development of animal welfare 
 science (Millman et al., 2004), especially in Europe. In 1973, Nikolaas 
Tinbergen, Karl von Frisch and Konrad Lorenz jointly won the Nobel 
Prize in ‘Physiology or Medicine’ for their discoveries on social behaviour 
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in  animals. Tinbergen formulated four questions (Box 1.1) that have 
 profoundly  impacted the study of animal behaviour (Tinbergen, 1963). 
The questions on causation and ontogeny can be considered proximate 
questions, whereas the questions on survival value and evolution can be 
considered ultimate questions (see also Chapter 14, this volume),  although 
the distinction of the questions into proximate and ultimate has been 
 debated (Bateson and Laland, 2013). Interestingly, Tinbergen mentions 
in his  famous 1963  publication (p. 416) that the ethological  studies ‘are 
moving towards a fusion with the fields conventionally covered by neuro-
physiology and physiological  psychology’ … ‘down to molecular biology’. 
In the  conclusion, he  emphasized that ‘we are witnessing the fusion of 
many  sciences, all concerned with one or another aspect of behaviour, 
into one coherent science’, thereby describing the early interdisciplinary 
developments in ethology.

The increase in public awareness of the circumstances in which animals 
were kept, especially on farms and in laboratories, continued to provide 
fuel for discussions on animal ethics. Gradually, the societal demand for 
better conditions for animals required science- based evidence on animal 
sentience and animal welfare (Fraser et al., 1997), prominently in Europe 
(Veissier and Miele, 2014). With the increasing global awareness of animal 
welfare (a term that in some countries does or did not exist in the  native 
vocabulary until recently), the need for answers to questions regarding 
 animal welfare also increases.

1.4 Interdisciplinary Research

Interdisciplinary research is an umbrella term used for multidisciplinary, 
interdisciplinary and transdisciplinary research. The terms have changed 
over time (e.g. ‘cross- disciplinarity’ was used earlier instead of interdiscipli-
narity as the general designation for the types of collaboration), are used in 
different ways and are notable for conflicting meaning (Wagner et al., 2011; 
Frodeman, 2017). This is also seen in the animal  welfare  science literature, 
where the terms are often used incorrectly (Lund et al., 2006). Therefore, 
some explanation is warranted.

Box 1.1. Tinbergen’s four questions, with the terminology that has been 
used since shown in parentheses. Adapted from Bateson and Laland, 
2013.

Tinbergen’s four questions:

1. Causation (or mechanism): What is it for?
2. Survival value (or adaptive significance): How does it work?
3. Ontogeny (or development): How did it develop during the lifetime of the individual?
4. Evolution (or phylogeny): How did it evolve over the history of the species?
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1.4.1 Disciplines and subdisciplines

An academic discipline is not easy to define, as disciplines are not static 
 entities (Tight, 2020), with the boundaries between disciplines changing 
over time. Menken and Keestra (2016, p. 27) defined a discipline as ‘a 
field of science with a particular object of research and a corresponding 
body of accumulated specialist knowledge’. Academic disciplines in the 
 natural sciences are, for example, biology, physics, mathematics and geol-
ogy; in the social sciences are, for example, economics, politics,  sociology 
and  psychology; and in the humanities are, among others, philosophy, 
history, art and linguistics. The main disciplines consist of multiple 
 subdisciplines. In biology, some of the subdisciplines are ecology, ethology, 
genetics,  developmental biology and zoology. Animal welfare science has 
been  described as a young scientific discipline (e.g. Millman et al., 2004), 
which was established after the Brambell Report (reviewed by Carenzi 
and Verga, 2009). To be precise, animal welfare science is a subdiscipline 
of the discipline biology, within natural sciences (also termed life sciences). 
For an  overview of academic disciplines, see for example Menken and 
Keestra (2016). Some subdisciplines are in themselves already a fusion 
between disciplines, such as computational genetics. Animal welfare sci-
ence could arguably also be considered such a subdiscipline. Researchers 
in animal  welfare science vary in the subdiscipline they affiliate themselves 
with, as some have, for example, a stronger ethology or a stronger zoology 
background.

1.4.2 Interdisciplinarity, complexity and wicked problems

A widely used definition of interdisciplinarity is that of the National 
Academy of Sciences, National Academy of Engineering, and Institute of 
Medicine (2005, p. 2): ‘Interdisciplinary research is a mode of research by 
teams or individuals that integrates information, data, techniques, tools, 
perspectives, concepts, and/or theories from two or more disciplines or 
bodies of specialized knowledge to advance fundamental understanding 
or to solve problems whose solutions are beyond the scope of a single 
 discipline or area of research practice.’

Other definitions make it more explicit that interdisciplinarity is 
about ‘addressing a topic that is too broad or complex to be dealt with 
adequately by a single discipline or profession’ (Klein and Newell, 1997, 
p. 393). A  middle way is taken in the review of Wagner et al. (2011, p. 16): 
‘Interdisciplinary approaches integrate separate disciplinary data, meth-
ods, tools, concepts, and theories in order to create a holistic view or 
common understanding of a complex issue, question, or problem. The 
critical indicators of interdisciplinarity in research include evidence that 
the  integrative synthesis is different from, and greater than, the sum of its 
parts …’
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‘Complex’ here is not used as a generic term for something difficult. 
By ‘complexity’ is meant ‘a system that is difficult to understand because 
it has lots of varied parts whose nonlinear, asymmetrical  relationships 
 combine to produce a self- organizing pattern of behaviour that takes on 
a life of its own’ (Newell, 2004; Flood and Carson, 2013) and is ‘partly 
or wholly unobservable’ (Flood and Carson, 2013, p. 120). Central to 
 complexity is non- linearity (i.e. the output is not necessarily propor-
tional to the input), which denotes that a complex system cannot be 
fully predicted from its separate elements, thus producing a dynamic 
pattern that is only partly ordered and stable (Newell, 2004). Examples 
of complex systems are ecosystems and societies, as well as the hu-
man brain, with the related complex issues of, for example,  climate 
change, stock market crashes and migraine attacks. Over the years, 
complexity has become tightly connected to  interdisciplinarity (Klein,  
2004).

Complexity also incorporates the so- called ‘wicked problems’ (Rittel 
and Webber, 1973). Wicked problems can be defined, in brief, as ‘complex 
and multifaceted issues that have no single solution, and are perceived by 
different stakeholders through contrasting views’ (Elia and Margherita, 
2018, p. 279). They typically have no definite formulation, are ambigu-
ous and are strongly stakeholder dependent, and there is little consensus 
about what the problem is or how to solve it (Rittel and Webber, 1973; 
Ritchey, 2013). Not all complex issues are wicked, but wicked problems 
are complex, and thus need to be addressed in an interdisciplinary man-
ner. Animal welfare is a complex issue and has also been suggested to be 
a wicked problem (Whyte and Thompson, 2012; Fernandes et al., 2019). 
Rittel and Webber (1973) listed ten characteristics of wicked problems. 
These characteristics match the situation of animal welfare: (i) there is 
no definite description; (ii) there is no definite solution; (iii) solutions 
are neither true nor false but rather better or worse; (iv) there is no ulti-
mate test for a solution to the problem; (v) every implemented solution 
is consequential and leaves traces that cannot be undone; (vi) it does 
not have an enumerable set of potential solutions; (vii) every situation 
is likely to be one of a kind; (viii) it can be considered a symptom of 
another problem (e.g. animal welfare issues as a symptom of animal man-
agement in livestock industry); (ix) it can be explained in many ways and 
the choice of explanation determines the nature of the problem’s solu-
tion (e.g. explaining animal welfare from a health perspective, or from 
the perspective of animal emotion); and (x) decision makers are liable 
for the consequences of the actions they generate. From this, it can be 
concluded that animal welfare is a wicked problem, and thus also a com-
plex issue. Animal welfare as a whole should therefore be approached by 
using an interdisciplinary perspective (as also advocated by Carenzi and 
Verga, 2009).
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1.4.3 Multidisciplinary, interdisciplinary and  
transdisciplinary research

There are different levels of integration that are distinguished in 
 interdisciplinarity. The initial description of Rosenfield (1992) into multi-
disciplinary, interdisciplinary and transdisciplinary has changed over time, 
and the below descriptions outline how the terms are currently used.

Multidisciplinary research involves more than one (sub)discipline, but 
the disciplines do not integrate, and the results remain separate. The 
product is no more and no less than the simple sum of its parts (Wagner 
et al., 2011). For example, in a research project, animal behaviour and 
physiology can be assessed alongside each other and presented as separate 
parts.

Interdisciplinary research integrates the relevant theories, concepts 
and/or methodologies from different (sub)disciplines to create a holistic 
view or common understanding of a complex issue, question or problem 
(Wagner et al., 2011). It brings a larger and more holistic understand-
ing of the problem. An example is the development of algorithms to 
 automatically  detect animal behaviour from videos, for which ethologists 
and  engineers/ computer scientists need to collaborate closely in order 
to  develop and  validate the resulting novel product (see Chapter 15, this 
 volume, for  further  discussion of this topic).

Transdisciplinary research occurs when interdisciplinary academic 
 projects involve non- academic stakeholders. Academic knowledge and 
stakeholder perspectives are integrated to determine the problem and 
to investigate potential solutions. In animal welfare sciences, many of the 
 projects that are labelled as interdisciplinary are actually transdiscipli-
nary. An example in animal welfare science is the development of farming 
 systems whereby alongside evaluation of animal welfare, the environmental 
impact and economics, farmers and retailers are invited as stakeholders to 
provide their input (e.g. Schodl et al., 2015).

1.5 Animal Welfare in an Interdisciplinary Landscape

Animal welfare science has from its origin blended aspects of ethol-
ogy,  zoology and veterinary sciences. McGlone (2001) wrote that the 
assessment of animal welfare has evolved through a multidisciplinary 
approach,  including animal behaviour, physiology, anatomy, health 
and immunity. Across disciplines in general, the fusion between (sub)
disciplines is  rapidly increasing, and this is similarly the case for animal 
welfare science. Increased (international) collaborations, enhanced by 
funding schemes that encourage researcher mobility, has contributed 
to a surge in cross- disciplinary  projects. Nowadays, there are numer-
ous links between animal welfare  science and other (sub)disciplines 
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Table 1.1. Examples of how different perspectives of animal welfare have 
influenced the application and integration of various (sub)disciplines.

Context Perspectives Evaluation (Sub)disciplines

Schools of thought
Animal 

welfare 
is…

…when the animal 
is healthy

Health Veterinary sciences, 
immunology, 
virology, proteomics, 
etc.

…when the animal 
leads a natural life

(Evolution of) 
behaviour

Ethology, evolutionary 
biology, genetics, 
behavioural ecology

…when the animal 
has positive 
emotions

Indirect evaluation 
of emotional 
state

Cognition, cognitive 
psychology, 
(affective) 
neuroscience, 
psychology, 
ethology, 
comparative 
psychology

…when the animal 
has a good life

Quality of life Human medical 
sciences, positive 
psychology, 
neuroscience, 
cognition

The Five Freedoms
Animal 

welfare 
can be 
assessed 
through…

…freedom from 
hunger and thirst

Health, (abnormal) 
behaviour

Veterinary sciences, 
physiology, ethology

…freedom from 
discomfort

Preference Cognition

…freedom from 
pain, injury or 
disease

Health Veterinary sciences, 
anatomy, ethology, 
microbiology

…freedom to 
express normal 
behaviour

Behaviour, stress 
response

Ethology, physiology, 
developmental 
biology

…freedom from fear 
and distress

Behaviour, stress 
response

Ethology, physiology, 
psychology

Continued
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Context Perspectives Evaluation (Sub)disciplines

As an aspect of a larger system
Animal 

welfare 
should be 
seen within 
the context 
of…

…sustainability Profitability Economics, 
agricultural 
economics, 
consumer studies

Societal 
acceptance

Psychology, ethics, 
sociology, political 
science, law, 
philosophy

Environmental 
impact

Ecology, climate 
science, 
environmental 
science

…the livestock 
sector

Farming systems Technology, 
engineering, 
infrastructure, 
sociology, 
sociocultural studies

Housing conditions Zoology, ethology, 
engineering, 
technology

Animal production Animal genetics, 
genomics, 
engineering, 
technology, 
proteomics, food 
science

…consumer 
demands

Consumer 
behaviour

Consumer studies, 
communication 
sciences

…human–animal 
relationships

Human–animal 
interactions

Psychology, ethology, 
physiology

Human attitudes, 
human 
behavioural 
change

Psychology, 
communication 
sciences

Conservation Conservation 
biology, genetics, 
biotechnology, 
ecology

Table 1.1. Continued.
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(Table 1.1). Lund et al. (2006) emphasized that the collaboration is, how-
ever, mainly within the natural sciences, and that it does not sufficiently 
incorporate the social sciences. Moreover, they pointed out that many 
of the projects that are meant to be interdisciplinary are at best multi-
disciplinary (i.e. not integrated),  especially between natural and social 
sciences. In projects, the focus has mostly been on the natural sciences, 
with the social scientists in the project having a ‘ service’ role to only solve 
specific  aspects (Lund et al., 2006; Aagaard-Hansen, 2007). Both Lund 
et al. (2006) and Aagaard-Hansen (2007) warned about this power imbal-
ance. Social science methods, which are largely qualitative, have been 
undervalued by researchers in natural sciences, who are largely quanti-
tatively oriented. Possibly as a consequence, animal scientists have been 
 attempting to conduct the social sciences parts themselves, especially 
when it comes to stakeholder involvement and  surveys, largely without 
collaboration or guidance of social scientists. Attracting and engaging 
stakeholders is often a challenge, and most animal welfare  researchers 
are not trained in communication strategies or  techniques to obtain in-
formation from stakeholder engagements in a  scientific manner. This 
has  regrettably led to some poor methods in studies, as pointed out in 
Chapters 5 and 6 (this volume). Reports that clearly describe the process 
that was taken to involve the stakeholders in transdisciplinary  projects, 
as done by Miele et al. (2011) in the Welfare Quality® project, provide a 
learning opportunity for fellow researchers and are therefore of much 
value. So are reports on aspects of transdisciplinary processes, such as 
the perspectives of different stakeholders on terminology, as was done 
for the term ‘play behaviour’ (Miller, 2017). Involving stakeholders, 
including society, in the discussions and research on animal welfare is 
essential as it is a wicked problem in which contrasting stakeholder opin-
ions are  central. Therefore, we have to recognize that a transdisciplinary 
approach is  required to come to sustainable solutions (as also advocated 
by Veissier and Miele, 2014).

The collaboration across disciplines is not without hurdles, regardless 
of which disciplines are combined, although it may be more difficult for 
 disciplines that are very different from each other (Aagaard-Hansen, 2007). 
Some of the challenges between animal welfare and ethics are described 
by Fraser (1999). He wrote that the use of different concepts,  assumptions 
and vocabulary divided researchers into distinct ‘cultures’. This is defi-
nitely not exclusive to the collaboration between animal  welfare scien-
tists and philosophers, or even between academics and non- academics, as 
also becomes clear from the later chapters in this book. The integration 
of disciplines requires thoughtful planning and management, especially 
in cases where  input from stakeholders would inform the direction of 
animal  experiments. This was concluded by Benard and de Cock- Buning 
(2014), who described the transition of an animal welfare project from its 
 monodisciplinary to transdisciplinary stage (described in Chapter 3, this 
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volume). Some guidance on techniques and how to overcome the chal-
lenges have been described throughout this book.

The most important discipline that animal welfare science has 
yet to connect with is, however, the science of interdisciplinarity itself. 
Interdisciplinary studies is being taught as a degree at various universi-
ties. There is a need for the inclusion of training in interdisciplinarity in 
 animal welfare science, starting with undergraduate education (Lund et al., 
2006). Klein and Newell (1997) provided suggestions on how to establish 
(aspects of) an interdisciplinarity curriculum in education programmes, 
and  applying this would be valuable for making progress in animal welfare 
science.

1.6 Conclusion

Animal welfare science has been from its origin a blend of different 
 subdisciplines, but this has predominantly occurred in an unstructured 
and trial- and- error manner. When applying the basic concepts used 
in interdisciplinarity, such as complexity, it becomes clear that animal 
welfare in itself should be considered as a complex and ‘wicked’ prob-
lem. This implies that there is no single definition or solution, as it is a 
complex, dynamic and non- linear system. Animal welfare should thus 
be approached accordingly. Interdisciplinary studies provide methods 
to address complex  problems, and therefore a proper understanding of 
interdisciplinary research is needed to advance animal welfare science. 
To this aim, it is important that animal welfare students and researchers 
are trained in interdisciplinarity so that they can appropriately apply the 
skills and techniques required for collaboration and integration across 
disciplines.
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