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Abstract 

Bracke, M.B.M., 2001. Modelling of animal welfare: The development of a decision 
support system to assess the welfare status of pregnant sows (Modelleren van 
dierenwelzijn: De ontwikkeling van een beslissingsondersteunend systeem om de 
welzijnsstatus van dragende zeugen in te schatten). 

Keywords: farm animal welfare assessment, pigs, applied ethology, housing systems, model, 
computer, knowledge base, expert system. 

A computer-based decision support system for welfare assessment in pregnant sows was 
constructed. This system uses a description of a husbandry system as input and produces a 
welfare score on a scale from 0 to 10 as output. Pregnant sows were chosen as a case in search 
for a formalised, i.e. structured, transparent, yet flexible procedure to 'objectively' assess the 
overall welfare status of farm animals in relation to the housing and management system 
based on available (and undisputed) scientific knowledge. The procedure to construct the 
welfare model and to calculate welfare scores is described. Decision making is based on the 
needs and distress of the animal thus from the perspective of the animal. 

The sow welfare (SOWEL) model was validated using expert opinion in that there is a 
substantial agreement between pig welfare scientists and the model about the ranking of 
housing systems and, to a lesser degree, about the weighting of attributes of housing systems. 
The most important welfare-relevant attributes concern aspects of social contact, space, and 
substrate. The housing systems were roughly divided into low-, mid-, and high-welfare 
systems. Low-welfare systems were conventional housing in individual stalls and tethers, 
while high-welfare systems in our data set all provided substrate and outdoor access. 

For practical applications further development of the decision support system is 
recommended, as well as ongoing validation, upgrading and extending of the model, e.g. to 
other species. The results show that integrated welfare assessment based on available 
scientific knowledge is possible. 

PhD thesis, Institute of Agricultural and Environmental Engineering (IMAG). Livestock 
Production and Environmental Engineering Department, P.O. Box 43, 6700 AA Wageningen, 
The Netherlands. 



Voorwoord (Preface) 

Eind 1995 had ik besloten om, na een lange en afwisselende studie en een paar jaar in de 
praktijk als dierenarts, een baan te zoeken in het onderzoek. Een oude studiegenoot van de 
middelbare school, Eddie de Mayer, vertelde me dat er op het IMAG nog een vacature was, 
iets met dierenwelzijn en computers. 'Dat kan toch helemaal niet', dacht ik eerst, maar dat 
duurde niet lang. Al gauw had ik me enthousiast op m'n nieuwe uitdaging gestort. 

Onder leiding van Alexander Udink ten Cate heb ik misschien wel duizend welzijnsbomen 
geplant. Daarvan is er uiteindelijk een overgebleven. En, omdat hoge bomen veel wind 
vangen, heb ik er maar een struik van gemaakt, met een welzijnsstam, behoeftetakken en 
attribuutsbladeren. 

Toen begon ik deskundigen te vragen welzijnscijfers te geven. Dat lijkt misschien 
kunstmatig, maar het sluit vrijwel naadloos aan bij wat mensen van nature gewend zijn om te 
doen. Wij taxeren de welzijnsstatus van andere mensen en dieren, vaak via non-verbaal 
gedrag, zo automatisch, dat het soms bijna lijkt alsof we allemaal deskundigen zijn op het 
welzijnsgebied, en misschien is dat ook wel zo. Als je eenmaal een paar punten van de schaal 
hebt benoemd, is het ook verbazingwekkend gemakkelijk om bijvoorbeeld jezelf een 
welzijnscijfer te geven. Het proefschrift gaat over het zoeken naar een manier om cijfers voor 
dierenwelzijn toe te kennen op basis van beschikbare wetenschappelijke kennis. Wie daarin 
gei'nteresseerd is, kan ik naar de diverse hoofdstukken van dit proefschrift verwijzen. 

Ik wil iedereen bedanken die aan dit proefschrift heeft bijgedragen. In het bijzonder, mijn 
ouders, omdat ze me alle gelegenheid gaven om te studeren. Marjolein, omdat ze het heeft 
kunnen uithouden met haar promovendus die geregeld vroeg om een welzijnscijfer te geven 
op een schaal van 0 tot 10. Thomas en Marleen, omdat ze me, ook als welzijnsonderzoeker, 
een verrijkte omgeving bieden. Jos Metz vanwege zijn tactvolle management. Berry's brein, 
voor het scherp houden van het mijne. Alexander Udink ten Cate, Aalt Dijkhuizen, Herman 
Wierenga, en Willem Schouten voor hun support in de verschillende stadia van het project. 
De experts voor hun stimulerende gesprekken, de collega's op het IMAG, de studenten, de 
financiers, de leden van de Gebruikercommissie en alle overigen met wie ik onderdelen van 
het proefschrift heb besproken. Derhalve dank ik Adroaldo, Andre, Arianne, Beat, Beate, 
Bernard, Berry, Bert, Bo, Carolien, Chris, Claudia, Dan, David, Dinand, Dolf, Don, Doris, 
Dries, Durk, Ebby, Erica, Frank, Frans, Gerdien, Gert-Jan, Gerrit, Hans, Harold, Harry, Hay, 
Hein, Helmut, Herman, Huub, Ietje, Ilan, Ingrid, Ingvar, Iris, Jan, Jouke, Jeff, Jeremy, Jeroen, 
Joanna, Johan, Joop, Jos, Josef, Judith, Karel, Karin, Katelijn, Kees, Lenny, Marco, Marek, 
Marie-christine, Margriet, Marina, Martin, Menno, Michel, Mike, Mirjam, Moira, Nico, 
Nicoline, Paul, Per, Pernille, Peter, Pierre, Piet, Pieter, Rene, Rob, Ron, Rudi, Ruud, Sabine, 
Sandra, Silke, Teun, Ute, Victor, Wil, Willem, Wim, Xavier, en iedereen die ik verder nog 
vergeten ben. 
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Stellingen 

1. De welzijnsstatus van dieren kan in een getal worden uitgedrukt (ditproefschrift). 

2. Welzijn laat zich niet adequaat voorschrijven met een lijst van minimumeisen (dit 
proefschrift). 

3. Wanneer een objectieve inschatting van dierenwelzijn inhoudt dat wetenschappers dat 
zonder tussenkomst van hun menselijk gezichtspunt zou moeten doen, dan is een 
objectieve inschatting van welzijn niet mogelijk. In dat geval kunnen wetenschappers 
echter ook niet objectief vaststellen wat de kleur is van een appel (ontleend aan Bekojf, M., 
L. Gruen, S.E. Townsend & B.E. Rollin, 1992. Animals in science: Some areas revisited. 
Animal Behaviour 44: 473-484). 

4. Een wetenschappelijke inschatting van de welzijnsstatus van dieren is een noodzakelijke, 
maar geen voldoende voorwaarde om te bepalen welk veehouderijsysteem moreel 
acceptabel is (dit proefschrift; stelling deels ontleend aan David Hume, 1711-1776). 

5. Bij verdere ontwikkeling zal het computeralgoritme van het beslissingsondersteunend 
systeem uiteindelijk de hersenprocessen van dieren representeren waarmee zij hun eigen 
welzijn inschatten. Misschien dat we dan, tot onze schrik, zelfs moeten concluderen dat 
zo'n computersysteem zelf'bewustzijn' heeft gekregen (ditproefschrift, Berry Spruijt). 

6. Gezamelijke onderwijselementen voor studenten zootechniek en diergeneeskunde zullen 
een positieve bijdrage hebben op hun latere functioneren in de dierlijke productieketen 
(ontleend aan ideeen van Hans de Vries en Pirn Brascamp). 

7. Dierenartsen zouden een belangrijke rol kunnen spelen bij het monitoren van de 
dierenwelzijn op bedrijven, mits ze erin slagen om hun (patho-)fysiologische denkkader 
aanzienlijk te verbreden, en mits ze belangenverstrengeling weten te voorkomen. 

8. Verbetering van het welzijn van landbouwhuisdieren is ook in het belang van de boer. 

9. Oorlogen en rampen dragen bij aan het versneld verbeteren van de wereld (vrij naar 
Heraklitus, ongeveer 530-470 voor Christus). 

Stellingen behorende bij het proefschrift 'Modelling of animal welfare: The development 
of a decision support system to assess the welfare status of pregnant sows.' 

Wageningen, 17 april 2001 

Marc Bracke 



Voorpa, ma, Marjolein, Thomas en Marleen 
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General introduction 

Chapter 1. General introduction 

'Every British citizen in a lifetime of 70 years consumes 550 poultry, 36 pigs, 36 sheep and 8 
oxen plus 10.000 eggs and dairy products equivalent to 18 tonnes of milk ' (Webster, 1995, p. 
127). From these data each citizen can be estimated to be responsible for a total farm-animal 
lifespan equivalent to 2.5 times his/her own, most of which concerns life under intensive 
farming conditions, which has been criticised on welfare grounds. Society has called upon 
science to assess the animal's welfare status in different housing systems, and to find 
solutions for welfare problems. In fact, IMAG in Wageningen has a history of conducting 
research that involves the evaluation and design of housing systems for farm animals. 
Unfortunately, welfare is a complex problem (Dawkins, 1997). When one problem is solved, 
often other problems appear. For example, when individually-housed sows are kept in groups, 
problems with aggression between sows arise, which, in turn, may be remedied with a whole 
range of measures, from the provision of early social experiences (van Putten & Bure, 1997) 
to integrated group housing (Houwers et al, 1993, 1996). What is required from science is 
not only to solve welfare problems, but also to provide a reasonably objective tool for 
integrated welfare assessment, which can support decision making by consumers, policy 
makers, farmers, extension and designers to evaluate existing and new (or improved) housing 
and management systems (Verkaik, 1975; Wierenga & Jongebreur, 1987; Ganzevoort, 1994; 
den Ouden, 1996). 

Scientists seem to agree that animals have feelings that have a biological basis in the 
animal's various life functions or needs (Broom, 1998; Spruijt, in press). The welfare status 
can vary over a continuum from very good to very poor (Broom, 1996), and involves 
mechanisms to weigh the various positive and negative aspects of a given situation (Cabanac, 
1971; McFarland, 1989; Spruijt et al., in press). 

A problem is that discussions about welfare, especially in society but also among 
scientists often concern many different examples, while a comprehensive framework seems to 
be lacking. Scientists dispute whether welfare should be defined in terms of feelings, or more 
directly in terms of biological functioning (Broom, 1996; Duncan, 1996; Anon., in press). 
Furthermore, they disagree which paradigm is best to measure welfare, e.g. whether this is the 
study of natural behaviour, consumer demand, measures of the HPA (hypothalamic-pituitary-
adrenocortical) axis or (pre)pathological states. Although there are some causal models with 
relevance for welfare (e.g. Lorenz, 1978; Wiepkema, 1987; Hughes & Duncan, 1988; 
McFarland, 1989; Toates & Jensen, 1991), there is at present no comprehensive welfare 
theory with which verifiable predictions about welfare can be made (Haynes, 2000), nor is a 
single empirical measure for overall welfare presently available. 

Nevertheless, over more than 30 years scientists have measured many aspects of 
biological functioning in a wide range of animals and housing conditions. They have 
measured aspects of behaviour, physiology, production and health. This has generated many 
findings that are evidently relevant for welfare. It appears that all housing systems have both 
positive and negative aspects (Fraser, 1995), and that a combination of measures is needed to 
assess welfare (Broom & Johnson, 1993). However, scientists presently do not know how to 
add these measures into an overall welfare judgement (Fraser, 1995). 
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Chapter 1 

Some models for overall welfare assessment have been described (e.g. Sundrum et al., 
1994) or are being developed (Johannessen et al., 2000; Capdeville & Veissier, in press), but 
to date these don't have an explicit scientific basis, i.e. most of the considerations underlying 
these models remain implicit. Scientists have also tried formulating cut-off points (e.g. 
Barnett & Hemsworth, 1990; Wiepkema & Koolhaas, 1993). Cut-off points, however, have 
been severely criticised (Mendl, 1991). In particular, cut-off points cannot allow 
compensation between positive and negative aspects, which is a characteristic of welfare. 
Some authors have even concluded that scientists should not try to assess welfare overall 
(Fraser, 1995; Rushen & de Passille, 1992). 

This is to turn down an important request from society. As a result scientists write 
increasingly long welfare reports containing accumulations of scientific findings (e.g. 
Scientific Veterinary Committee, 1997), from which it is difficult to draw practical 
conclusions. 

While everybody has his own personal opinions about welfare, the problem remains how 
to assess the overall welfare status of animals on a scientific basis. That is, if we had read all 
scientific papers, and if we furthermore knew all measurable facts about a housing system, we 
still would not know how to integrate that knowledge into one statement about the overall 
welfare status of the animals in that system. 

This illustrates the topic of this thesis. More precisely, the aim is to find a formalised, i.e. 
structured, transparent, yet flexible way to 'objectively' assess the overall welfare status of 
farm animals based on available scientific knowledge. 

In particular, we want to show how this can actually be done for one group of farm 
animals, for which we chose the case of pregnant sows, and for which we chose to assess 
welfare in relation to the housing system. The primary focus, therefore, is not to distinguish 
between individual farms that have only detailed differences in housing and management. The 
primary focus is to distinguish between different housing and management systems under 
stabilised conditions, i.e. types of farm that are used or are intended to be used for agricultural 
production over longer periods of time. 

Furthermore, the aim is to assess welfare in a way that allows a quantitative expression 
(e.g. a score between 0 and 10) of what matters to the animals themselves, from their point of 
view. For this we presume that animals have a welfare status and consciousness, and we 
presume that scientific knowledge about the different biological functions is relevant to assess 
welfare. Thus, the question is not whether animals have welfare, but how to assess it (cf. 
Crook, 1983). This point is nicely illustrated in Gary Larson's cartoon 'Wildlife Management 
Finals' where a student is asked 'How much wood would a wood-chuck chuck, if a wood-
chuck could chuck wood?' Similarly, our question is 'What is the welfare of pregnant sows in 
different housing systems assuming they have welfare?' 

The welfare status is to be assessed overall, i.e. taking into account all positive and 
negative aspects (of a life) that matter to the sow. This includes all the animal's biological 
needs with all the states of need satisfaction and need frustration, rather than only a subset 
such as only the behavioural or only the (negative) stress-physiological components of 
welfare. 

Even though welfare concerns what matters to the animals, we aim to answer a factual 
question, i.e. what is the welfare status in a given environment de facto, as a matter of fact. 
We are not trying to answer subsequent moral or political questions, such as what a given 
welfare status means for the political or moral acceptability of the housing system. 



General introduction 

In search for a scientific basis we have been consensus-oriented, i.e. using known 
scientific facts, preferably published in peer-reviewed papers, that are undisputed (but not 
indisputable), and using 'all' available knowledge (Dawkins, 1997; Rushen, 1991), i.e. all 
apparently relevant findings from empirical research. Working with 'available knowledge' 
implies that our primary concern is not how to actually measure welfare empirically, nor how 
to interpret raw scientific data into a conclusion of the kind 'we found that...'. Our research 
concerns the next phase ' ... and these findings mean for welfare that ...'. This interpretation 
phase takes several reasoning steps from scientific findings and premises that derive from 
some scientific conceptual framework for welfare assessment, all the way to a single overall 
welfare score for a certain housing system. Therefore, it does not concern finding scientific 
proof, neither empirical, nor deductive, but it concerns dealing with uncertain information and 
finding the best possible assessment based on what is presently known. 

As far as we know we are the first to try to formalise the reasoning process involved in 
overall welfare assessment. Formalisation requires that all steps are made explicit, and in a 
structured way so as to increase transparency, and to make hidden assumptions explicit 
(Tannenbaum, 1991; Sandoe & Simonsen, 1992; Fraser et al., 1997), without getting stuck in 
deep philosophical issues about morality or about animal consciousness. 

Since critical responses are to be expected, our further aim is to formalise overall welfare 
assessment in a flexible way that can adapt to new insights about welfare, to newly generated 
scientific findings, and to specific requirements resulting from different usages. 

The methods used to reach these aims are to use techniques from information technology 
in order to be able to handle larger amounts of data, and to use interviews with experts to fill 
in gaps in knowledge. 

The main aim of this thesis is to propose a formalised procedure to assess the overall 
welfare of farm animals based on available scientific knowledge. A decision support system 
for welfare assessment of pregnant sows in relation to their housing and management system 
is described and validated by expert opinion. 

Overview of the thesis 
This thesis contains nine chapters'. Chapter 2 introduces the strategy to develop a computer-
based decision support system for welfare assessment in the case of pregnant sows. The 
strategy is the so-called Evolutionary Prototyping Method, which involves repeated upgrading 
of an initial prototype so as to end up with a 'final' version that has 'evolved' to be capable of 
adapting further when required. The initial prototype is described illustrating how overall 
welfare assessment can be performed explicitly on a scientific basis using general 
assumptions, such as to assess welfare based on needs. 

The chapters 3 to 5 review those theoretical aspects of welfare that were found to be most 
relevant as indicated by the development of the prototype. 

The 3rd chapter deals with a major objection, which is the view that overall welfare 
assessment is not possible, because it involves value judgements. We explain why we are 
more optimistic about its feasibility. 

The 4th chapter reviews literature containing assessment tables and schemes (welfare 
models) in order to formulate recommendations for formalised overall welfare assessment. 

1 The text of the chapters is formatted according to the Netherlands Journal of Agricultural Science, except 
for the chapters 2, 7 and 8, which are formatted for the journal to which they have been submitted. 
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Chapter 1 

The 5* chapter discusses the biological basis for welfare assessment. Special attention is 
given to the idea to assess welfare based on needs as was used in the prototype. A review of 
the literature is supplemented with interviews with experts from various welfare-related 
disciplines to define welfare and to formulate a list of needs that could be used for actual 
welfare assessment. 

The 6' chapter presents data from interviews with experts on pig welfare. They were 
asked to identify the main housing systems of pregnant sows, to give an overall welfare score 
to each system, and to explain the scores in relation to the attributes of the housing systems. 

This information was needed for further development of the decision support system, 
because several versions that followed the construction of the prototype produced seemingly 
counterintuitive results (see Bracke et ai, 2000; Bracke et al, in press). This indicated the 
need for further exploration of the feasibility of modelling the experts' reasoning process as 
well as the need for a frame of reference, in the form of welfare scores of the main housing 
systems in the model's domain, that could be used for preliminary validation while 
developing the model. 

The 7' chapter describes the latest (i.e. 'final') version of the decision support system, 
including the welfare model and the formalised procedure that was used to construct the 
model on the basis of scientific statements and a list of needs. 

The 8* chapter deals with the validation of the model using expert opinion. We compared 
the model's predictions of overall welfare scores for 15 housing systems and weighting 
factors for 20 welfare-relevant attributes with expert opinion solicited from welfare scientists 
using a written questionnaire. 

The final chapter discusses some major points of criticism and practical implications of 
this work. 
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Strategy and prototype 

Chapter 2. Strategy and prototype of a decision 
support system for welfare assessment in pregnant 
sows1 

Abstract 
Due to increasing empirical information on farm animal welfare since the 1960s, the 
prospects for sound decision making concerning welfare have improved. This chapter 
describes a strategy to develop a decision-making aid, a decision support system, for 
assessment of farm-animal welfare based on available scientific knowledge. Such a decision 
support system allows many factors to be taken into account. It is to be developed according 
to the Evolutionary Prototyping Method, in which an initial prototype is improved in 
reiterative updating cycles. This initial prototype has been constructed. It uses hierarchical 
representations to analyse scientific statements and statements describing the housing system. 
Welfare is assessed from what is known about the biological needs of the animals, using a 
welfare model in the form of a tree that contains these needs as welfare components. Each 
state of need is assessed using welfare-relevant attributes of the housing system and 
weighting factors. Attributes are measurable properties of the housing system. Weighting 
factors are assigned according to heuristic rules based on the principle of weighting all 
components (attributes and needs) equally, unless there are strong reasons to do otherwise. 
Preliminary tests of the prototype indicate that it may be possible to perform assessment of 
farm-animal welfare in an explicit way and based on empirical findings. The procedure needs 
to be refined, but its prospects are promising. 

Keywords: animal welfare assessment, decision support system, pigs. 

Introduction 
Since the 1960s farm animal welfare has been the topic of moral and political debate (e.g. 
Harrison, 1964; Singer, 1975). It is a multifaceted concept, with both prescriptive and 
descriptive aspects (Fraser et al., 1997). The prescriptive aspect concerns questions of moral 
and political acceptability (Rushen and de Passille, 1992). The descriptive aspect concerns 
welfare assessment per se, i.e. it is concerned with the question of What is the welfare status?, 
rather than What ought the welfare status to be? 

A considerable amount of welfare research has been done; welfare reports (e.g. Scientific 
Veterinary Committee, 1997) and legislation, and codes of practice have been formulated, 
mainly attempting to establish minimum requirements for animal welfare. However, welfare 
is a quantitative variable and a standardised method (a welfare index) to assess the overall 
welfare status based on available scientific knowledge would have great political and moral 
(i.e. prescriptive) utility. It could be used to make legislation and product-quality control-

1 Paper by Bracke, M.B.M., J.H.M. Metz, A.A. Dijkhuizen & B.M. Spruijt, 2001. Development of a 
decision support system for assessing farm animal welfare in relation to husbandry systems: Strategy and 
prototype. Journal of Agricultural and Environmental Ethics: Accepted. 
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programmes less complex by prescribing one minimum overall-welfare level rather than 
minimum standards for many attributes of housing systems. This could give farmers the 
freedom to reach this minimum overall level in different, farm-specific ways. In addition, a 
welfare index could support decision makers to perform an integrated assessment of housing 
systems. Finally, it could be used to develop ethically defensible husbandry systems, when it 
shows that the animals' overall welfare status has indeed been improved substantially 
compared to conventional systems. 

One major problem is that welfare is an ill-defined problem. At present it is still not clear 
how assessment of overall welfare should actually be performed. However, there has been a 
steady increase of empirical data on animals and their welfare (cf. Fraser and Broom, 1990). 
There have also been interesting attempts to construct practical welfare-models (e.g. 
Bartussek, 1990; Baxter and Baxter, 1984; Mellor and Reid, 1994; Taylor et al., 1995). It is 
generally agreed that many factors have to be taken into account, but the problem of 
weighting different parameters has not yet been solved. Our working thesis is that if welfare is 
indeed an appropriate, quantitative predicate of animals (e.g. Vorstenbosch, 1993; Broom, 
1996), then it may be beneficial to use techniques from information technology. Welfare 
models must probably contain many parameters and employ complex calculation rules. 
Modern information technology is increasingly suited to collect and manage data (e.g. Date, 
1995) and to perform calculations with various alternative models for welfare assessment. It 
also forces the assessment procedure to be performed in an explicit and formalised way. With 
this in mind, we set out to develop a decision support system that can be updated with new 
knowledge and that can help the end-user (e.g. politicians, farmers or animal welfare 
organisations) to make decisions about animal welfare. This chapter describes the strategy to 
develop such a decision support system and a first prototype that outlines an approach to 
identifying an explicit overall welfare-assessment procedure. 

Strategy for decision support system development 
According to Turban (1995) a 'DSS [decision support system] is an interactive, flexible, and 
adaptable CBIS [computer based information system], specially developed for supporting the 
solution of a non-structured management problem for improved decision making' (p. 84). A 
decision support system for welfare assessment, then, will assist in decision making as 
regards the 'non-structured' problem of how to assess welfare. An unstructured task is a task 
that is so poorly understood that the information to be used, the method of using the 
information, and the criteria for deciding whether the task is being done well cannot be 
specified (Alter, 1996, p. 133). For structured tasks such as standard diagnostic procedures in 
medicine expert systems may be developed, but for an unstructured task flexibility and 
adaptability are more important requiring the development of a decision support system. 
Welfare is also an unstructured task as it is not known exactly how to assess the welfare status 
in a systematic and objective way. Therefore, when employing information technology to the 
problem of welfare assessment, the development of a decision support system would seem to 
be appropriate. 

A decision support system contains a knowledge base and a model base, which contain 
declarative knowledge and one or more models for problem solving respectively. 

To develop a decision support system the Evolutionary Prototyping Method is commonly 
used (Turban, 1995), which starts with the development of a prototype that deals with a sub-
problem or simplified version of the entire problem, and involves making a series of 
improved versions of the software based on immediate feedback from users. The steps taken 
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in each development cycle include conceptual analysis, design and construction, testing, 
evaluation, and (making suggestions for further) upgrading. This process is likely to increase 
the ability of the DSS to be adaptable to changes in information requirements. In the course of 
time new insights about welfare assessment may be generated and the decision support 
system must have the flexibility to accommodate them. 

In the first development cycle we produced a preliminary prototype to assess the welfare 
status of pregnant sows in a specified housing system, based on scientific statements and 
based on explicit calculation rules. We selected pregnant sows as a first 'case' to develop the 
methodology for welfare assessment in farm animals generally. Pregnant sows were chosen 
because relatively much is known about this group of animals. Below we will discuss the 
phases of conceptual analysis, design and construction, testing, evaluation, and upgrading for 
the prototype decision support system for pregnant sows. 

Prototype decision support system 
Conceptual analysis 
The decision support system must support welfare assessment in relation to housing on a 
scientific basis. This specifies the problem space: the decision support system must deal with 
housing systems, scientific knowledge and the concept of welfare. These are its three kinds of 
input (Figure 1). 

Statements 
describing a 
housing system 

Attributes 

Extended list 
ofattributes 

Welfare score 
for the housing 
system 

Scientific 
statements 
about welfare 

Welfare 
concept 

* Scientific attributes 
* If-then rules 
* Information about weights 

Welfare model 
* Needs 
* Attributes 
* Weightingfactors 
* Calculation rules 

Figure 1. Animal welfare assessment diagram, which shows how the welfare status of animals 
in a housing system can be assessed on the basis of scientific statements and a concept of 
welfare. 
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The first kind of input is a description of a housing system. The term 'housing system' is 
used in a wide sense to include aspects of housing, management as well as performance 
criteria of the animals. We develop a decision support system for assessment at the housing-
system level, but in such a way that individual farms can also be assessed. The description of 
the housing system must specify the living conditions of the animals. It must also allow 
making scientific inferences (see below). 

Scientific statements derive from empirical research. They may be collected from the 
literature and from interviews with experts, and are stored in the knowledge base. Scientific 
statements are used to construct the welfare model (see below) but also to infer new truth-
values about the attributes of the housing system. Inferring new knowledge is possible, 
because scientific statements often specify if-then relationships between the aspects of the 
environment and the welfare performance criteria of the animals, especially in terms of their 
behaviour, physiology, health and production. For example, in individual housing and when 
fed concentrates only, pregnant sows tend to develop stereotypic oral-behaviour patterns 
(Appleby and Lawrence, 1987). This allows inferring a truth-value about stereotypies based 
on information about housing and feeding. Ideally, a decision support system should allow 
this inferring function using scientific knowledge (Figure 1). The scientific statements and the 
statements describing the housing system together provide the objective basis for welfare 
assessment. 

The third kind of input is the concept of welfare. Welfare can be defined in many different 
ways. Each definition of welfare may give rise to its own welfare model, which may be 
collected in the model base so as to serve the end-user. However, for actual decision making 
in the public domain, at least two criteria can be formulated. First, the welfare model should 
be in accordance with how welfare is understood in this public domain (Rushen and de 
Passille, 1992). Scientists cannot just postulate some technical definition, e.g. that welfare is 
directly measurable as a function of Cortisol levels (cf. Barnett and Hemsworth, 1990). For 
application in the public domain the concept of welfare must acknowledge the role of 
emotional states or feelings (Dawkins, 1980, 1990; Duncan and Petherick, 1991; Sandoe and 
Simonsen, 1992; Sandoe, 1996; Fraser et al, 1997) and theories of the animal mind that 
correspond with folk-psychology (e.g. Dennett, 1989; DeGrazia, 1996). Secondly, a welfare 
model must be based on knowledge of the facts, i.e. it must meet higher standards of 
objectivity than those required for personal purposes. Therefore, only objectively measurable 
parameters, including animal-based performance criteria and environmental parameters, 
should be used as parameters in the welfare model. 

Even though at present there is no commonly accepted welfare theory available (Haynes, 
2000), welfare scientists agree that animals have evolved cognitive and emotional systems 
('needs') that help them to cope with changes and problems that threaten reproduction and 
survival in their natural environment (Wiepkema, 1987; Anon., in press). These cognitive and 
emotional systems are still operational, even in domesticated animals that are housed in 
environments that differ considerably from the natural environment. A pragmatic solution, 
therefore, is to assess animal welfare in a way that incorporates the animal's emotional states 
using the concept of needs. Needs are 'requirements, which are a consequence of the biology 
of the animal to obtain a particular resource or respond to a particular environmental or bodily 
stimulus' (Broom and Johnson, 1993). When scientists measure aspects of biological 
functioning (i.e. behaviour, physiology, pathology and production), they collect information 
that can be used to assess the animal's need states. Needs such as the need for food, water, 
thermal comfort, and social contact are the 'components' of welfare in that the overall welfare 
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status of the animals is a function of their need states. Using needs for welfare assessment 
constitutes a form of functional decomposition, which entails a 'divide and conquer' strategy 
to solve complex problems by breaking them down into smaller sub-problems. The technique 
of functional decomposition is commonly used in systems science and in information 
technology (e.g. Cooper, 1992; Alter, 1996, p. 425). It can be used for welfare assessment 
when the complex problem of welfare assessment is broken down into a number of relatively 
more easily solvable assessments of need states. In this way the welfare model is based on 
biological processes and (neural) structures mediating the satisfaction of needs. A needs-
based approach also supports completeness, because the various needs together must cover all 
aspects of welfare. 

Needs may themselves be composed of sub-needs and must ultimately be determined from 
measurable attributes of the housing system. At the welfare side the needs in the welfare 
model will be relatively general for all species. At the attribute side, however, they will be 
more species specific (Baxter and Baxter, 1984). In assessing welfare from needs, and needs 
from attributes, weighting factors may be used. They should also be based as much as 
possible on the biology of the animals (Broom and Johnson, 1993). Since objective evidence 
for weighting factors is largely lacking (e.g. Taylor et al., 1995) we resorted to a (temporary) 
procedural solution, which will be explained below. 

These deliberations about the modelling of housing systems, scientific knowledge and 
welfare underlay the construction of the prototype decision support system. 

Design and construction 

Since our main goal is to develop an explicit and formalised procedure for welfare 
assessment, the scope of the prototype was limited. It was restricted to only one housing 
system (individual housing) and contained only a small number of scientific statements. For 
knowledge representation we used a hierarchical representation-formalism, the 'tree'. 

The prototype contains two tables with statements. One table contains 14 statements 
describing the housing system. The other table contains 36 scientific statements about pig 
behaviour, physiology, health and performance. Both tables were analysed in one tree, which 
has the term 'housing system' as root and attribute levels, i.e. properties of housing systems, 
as leaves (Figure 2). The tree contains a list of 56 attributes. Each of these attributes has two 
or more levels. For any one housing system only one level is true per attribute, thereby 
specifying one of its properties. 

In total 34 out of the 56 attributes are relevant for welfare. The other, not directly welfare-
relevant attributes in the tree help to determine what is true in the housing system about the 
welfare-relevant attributes. This is done by inference using if-then rules derived from the 
scientific statements (as described in the previous section). 

To qualify as relevant for welfare an attribute must be a scientifically measurable 
parameter and it must be relevant in relation to at least one of the needs in the welfare tree. 
For example, attributes relevant to assess the need for food include regularity of feeding 
(predictability), meal size (controllability) and phasicity (pigs are biphasic animals, which 
means that they have two activity periods during the day, one in the morning and one in the 
evening, e.g. Horning, 1992). The welfare-relevant attributes were incorporated into the 
welfare model. 
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Housing system has environment has objects can be food has food type can be concentrates only 

also roughage 

meal size can be ad lib 

much smaller than ad lib 

floor has floor type can be half slatted 

rooting substrate can be yes 

no 

COnspeciflCS can be ... 

climate has temperature can be... 

animal has identity can be Species can be pig can be sow 

production stage can be pregnant 

behaviour can be eating has meal frequency can be twice daily 

once daily 

regularity can be regular 

not regular 

eating tendency can be low 

high 

physiology can be thermOCOmfort can be ... 

health status can be lameness has incidence can be... 

performance can be body condition can be OK 

thin 

Figure 2. Hierarchical representation of the entity 'housing system' in which the animals and 
their living environment can be described fully. The tree is read as 'a (housing) system has 
animals and environments, and the environment has objects, and the objects can be food, a 
floor, rooting substrate, conspecifics, the climate' etc. 
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Welfare has needs can be food has attributes can be meal size can be ad lib 
much smaller than ad lib 

water has attributes... 
thermocomfort 
health... 
resting... 
social contact. 
moving... 
rooting... 
body care can be grooming... 

wallowing... 

phasicity can be biphasic 
monophasic 

day activity can be day active 
not day active 

regularity can be regular 
not regular 

stereotypies can be absent 
present 

Condition can be OK 
thin 

eating tendency can be low 
high 

Figure 3. Illustration of the prototype welfare tree. The decomposition of the need for food 
into its attributes is also included. 

The main welfare model also has the form of a tree (Figure 3). It has 12 component needs, 
one for every behaviour system. The welfare tree is used to compute a welfare score by 
calculating weighted averages for every tree node from its components. Welfare is calculated 
from need scores, and need scores are calculated from attribute scores. The general formula 
is: 

Sc = -
YWF, 

where Sc = node score; WF, = weighting factor of component;; Sct = score of component^ n: 
number of components connected to the node in the welfare tree; i: component number, with 
1 < i < n. 

The attribute scores are derived proportionally from the welfare rank of the attribute levels 
within one attribute, and expressed on a scale from 0 to 10. For example, the attribute 'meal 
size' has two levels in the present prototype: 'ad lib' (i.e. 'all you can eat') and 'much smaller 
than ad lib'. The first level ranks higher for welfare than the second. (In the present stage of 
decision support system development we keep the rules simple and accordingly we ignore 
exceptions such as adverse consequences of inappropriate diets for ad lib feeding that should 
certainly be taken into account in a later stage.) The welfare ranks, rather than the absolute 
quantities of substrate, are transformed linearly into a numerical scale ranging from 0 
(minimal, worst) to 10 (maximal, best). Accordingly, the attribute levels 'ad lib' and 'much 
smaller than ad lib' get scores of 10 and 0 respectively. An intermediate level would be 
assigned a score of 5, and so on. 

Weighting factors are assigned to each attribute according to heuristic rules that are based 
on the principle of weighting attributes equally unless there are reasons to do otherwise. Such 
reasons are specified. For example, abnormal behaviour and pathological states receive a 
higher weight that is specified as equal to the number (n in the formula above) of attributes in 
the same list. Need scores for animals in a particular housing system are calculated for each 
need from its attribute scores and their weighting factors (cf. Table 1). 
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Table 1. Calculation of the state of the need for food in the prototype. The attributes of this 
need are assigned an equal weighting factor (WF) with the exception of 'stereotypies', which 
gets a high WF. The levels within every attribute get an attribute score on a scale between 0 
(worst) and 10 (best). Since exactly one level per attribute is true for a housing system, we 
can determine its weighted attribute scores (shown in column 'housing system'). The score for 
the need for food is calculated as the weighted average attribute score (40 divided by 13 = 
1.3, on a scale from 0 to 10). 

Attribute 
Meal size 

Phasicity 

Day activity 

Regularity 

Stereotypies 

Condition 

Eat tendency 

Total 

WF Attribute level 
1 Ad lib 

much smaller than ad lib 
1 Biphasic (two activity peaks 

Monophasic (one 
1 Day active 

Not day active 
1 Regular 

Not regular 
7 Absent 

Present 
1 OK 

Thin 
1 Low 

High 
13 

per day) 
activity peak) 

Attribute score 
10 
0 

10 
0 

10 
0 

10 
0 

10 
0 

10 
0 

10 
0 

Housing system 

0 
10 

10 

10 

0 
10 

0 
40 

The overall welfare score (also scale 0 to 10) is calculated from the need scores in a 
similar way. The equality rule is also applied at the level of needs: equal weighting factors are 
attributed in principle to all needs on the same branch in the welfare tree. For example, the 
two components of the 'body care' need are 'grooming' (i.e. scratching in pigs) and 
'wallowing'. These two needs are weighted equally to derive the score for 'body care. In turn, 
this need is weighted relative to the other needs at its own level (Figure 3). By continuing to 
calculate node scores as a weighted average from component scores, welfare is calculated in 
our prototype as a function of the (weighted) number of positive and negative attributes of the 
housing system. 

Testing 
The prototype was tested in four ways: a. by calculating the net weights of attributes, b. by 
constructing several versions of the welfare model, c. by applying the assessment method to 
compare housing systems and d. by comparing calculated scores with expert opinion. 

a. The net weight of an attribute, i.e. its overall effect on welfare, can be calculated from 
its weighting factor and the place of that attribute in the welfare tree. The net weights range 
from 0.0038 to 0.083. This means that even the most important attribute contributes less than 
10% to overall welfare. 

b. Four versions of the welfare model were constructed and compared. In the main model 
the needs are ordered according to the behaviour systems. In another model the welfare tree 
was rearranged creating three main branches that represent physiological, behavioural and 
pathological needs. The third model skips the calculation of intermediate need-scores and 
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calculates welfare directly from attribute scores. The fourth model is the TGI-200 
(Tiergerechtheitsindex) model (Sundrum et al., 1994). This is a welfare assessment scheme 
that can be used for on-farm application, but it lacks a systematic account for the attributes in 
the model. The four models were (re)scaled to produce output on a scale between 0 and 10. 
For the (individual) housing system as described within the prototype, the TGI model 
generates the lowest score (2.3), the main model generates an intermediate score (3.4), and the 
other two models generate the highest scores (4.4 and 4.5). These model variations illustrate 
the principle of how, using information technology, different versions of the model can be 
generated and tested. 

c. The calculation procedure was applied (outside the prototype) to four housing systems 
for pregnant sows: one individual and three group-housing systems, all without straw. In 
accordance with expectations, the system with individual housing received a lower score than 
the three group housing systems (Figure 4). 

d. Finally, the calculated scores were compared with subjective scores obtained from an 
experienced pig-welfare ethologist. He was presented with a description of the housing 
system as analysed in the prototype and asked to rate both overall welfare and the different 
needs (Figure 5). There was a reasonable fit for some scores, e.g. for overall welfare, food, 
water, and grooming, but a difference for other scores such as health. 

10 

8 6 

£ 4 
o 

individual A B 

Housing systems 

Figure 4. Welfare assessment of four housing systems for pregnant sows (one individual 
housing system and three strawless group-housing systems (A, B and C). Welfare scores (on a 
scale from 0 to 10) were subjectively assessed by a pig expert (dark columns) and calculated 
with the model (light columns). 
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Figure 5. Comparing the welfare model with expert opinion. Scores for overall welfare and 
several needs for the housing system described in the prototype. Dark columns represent the 
subjective scores given by one pig expert. Light columns represent scores calculated with the 
welfare model in the prototype. 

Evaluation and upgrading 
The scope of the prototype is limited (only about pregnant sows, only one housing system and 
a limited number of scientific statements). The calculation procedure is simple. It uses a 
generic principle of calculating weighted averages, which is ultimately based on the ranking 
of levels within attributes. The more difficult task of comparing weightings between items 
(attributes or needs) is solved in a procedural way, by formulating heuristic rules based on the 
equality principle. Using procedures is one of the ways to improve decision making (Alter, 
1996, p. 210). According to the equality principle, two items are given equal weight unless 
there are rational or scientific reasons for doing otherwise. This principle allows ignoring 
those instances where there may be some intuitive temptation to insert differential weightings, 
but where rational or scientific arguments for doings so are lacking. The equality principle 
provides a rational starting point for assigning weighting factors. 

To further improve weighting rules, we are currently examining non-linear weighting 
(possibly in a hierarchical way, e.g. as suggested by Maslow, 1970). This may solve a 
potential problem for further development of the prototype procedure, which is that the 
weights of some attributes may become unacceptably small when the total number of 
attributes in the model increases. 

Some differences were found between the calculated scores and expert opinion (Figure 5). 
The strength of the calculation procedure in the prototype is that all steps are made explicitly. 
This enables pinpointing the origin of such differences. Once the sources have been found, 
either the welfare model or the subjective assessment may require adjustment. The differences 
we found may have arisen because the number of attributes in the prototype was limited: each 
need score is derived from an average of only 2.4 attributes (range 1-7). As a result, the 
calculated need-scores tend to be either 0, 5 or 10. An expert, by contrast, is likely to take 
more aspects into account and to differentiate in greater detail. This problem may resolve 
when the prototype is developed further. 
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In the prototype we used a hierarchical representation-formalism (cf. Bracke et al., 1997). In 
principle, such a formalism can handle every possible statement concerning scientific 
knowledge or describing housing systems in a systematic way. In addition, trees seem suitable 
for constructing variations of the welfare model. The hierarchical organisation also facilitates 
evaluation of the welfare model, e.g. whether the model is complete, or whether important 
attributes are missing, and whether the model is balanced. In addition, the problem of 
multifunctionality of concepts can be handled. For example, the attribute 'day activity' (pigs 
are active during the light period) is relevant both for the need for food and for the need to 
rest, in that it is better for their welfare to have light during feeding and dark periods for 
resting. Such multifunctionality can easily be handled in our welfare tree by linking the 
attribute 'dayactivity' to both needs with reversed welfare-ranking of its levels. In general, 
trees were found to be valuable for welfare assessment, but other representation formalisms, 
such as procedural rules, fuzzy logic, (relational database) tables or object-oriented frames, 
may also be explored. In fact, we also used (if-then) procedural rules and had cast the tree in 
tables (cf. Table 1), but our main representation formalism was the tree. 

The four welfare models in the prototype all had outcomes below 5. Roughly, a score of 5 
means that only half of the relevant (weighted) attributes were fulfilled according to the sows' 
needs. This indicates that the housing system in the prototype, keeping sows individually 
without straw, is far from ideal for animal welfare. This conclusion is also supported by the 
results of applying the assessment procedure to the four existing housing systems (Figure 5). 
However, the scores generated by the models must be interpreted with care. From the scale 
that was used (between 0 and 10) it cannot be inferred where the threshold of acceptability 
should be drawn; this certainly does not have to be at the 5 level. The question what level is 
acceptable is logically distinct from the assessment of the welfare status, and is affected by 
factors other than animal welfare such as effects on human welfare and available alternatives. 
Furthermore, for proper comparison of scores a wider range of housing systems, including 
positive and negative controls (Wechsler et al., 1997) will have to be included in the analysis. 
It is important that a welfare model allows making proper distinctions between housing 
systems. In this respect the initial results of the prototype procedure, i.e. when applied to the 
four housing systems, showed promising results. The various outcomes also accord 
reasonably well with our own intuitions and with the opinion of the external expert. However, 
methodological concerns may be justified. It has been argued that scientists should not 
attempt to assess overall welfare objectively, because this is not possible (Fraser, 1995). 
However, in our opinion the practical utility of overall welfare assessment justifies making a 
serious attempt. Welfare assessment will always be relative to our present state of knowledge 
and our concept of welfare, but this should not refrain us from trying to reach consensus on 
these important issues. 

Conclusions 
In the prototype decision support system we developed a procedure to perform assessment of 
overall welfare in an explicit way that may, in the end, benefit actual decision making in 
politics and society. The prototype uses explicit statements describing a housing system and 
statements derived from empirical research, and it uses explicit procedural rules to assign 
scores and weighting factors. To our knowledge, such a procedure is unique in the field of 
animal welfare. However, the prototype is only the first cycle in the process to develop a 
decision support system according to the Evolutionary Prototyping Method. Further cycles 
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will again include the stages of conceptual analysis, design, construction, testing, evaluation 
and upgrading before a final validation can be performed. 

In the prototype a hierarchical representation formalism was used. Functional 
decomposition was used to dismantle the complex problem of welfare assessment into smaller 
sub-problems, namely the assessment of needs. The weighting problem was solved in a 
procedural way, using the equality principle. The test results of the prototype augur well for 
further development cycles. 

The next step is to work at a more theoretical level on the welfare model and the 
weighting rules, using both further literature research and interviews with experts to find 
useful solutions. In addition, housing systems will be inventoried and the knowledge base will 
be extended. In this way, the present prototype will be the starting point for developing an 
adaptable decision support system in which the welfare status of farm animals can be assessed 
explicitly on the basis of available scientific knowledge. Such a system can be updated with 
new scientific data, even after the final validation has been completed. 
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Is it possible? 

Chapter 3. Review part 1: Is overall welfare 
assessment possible?1 

Abstract 
Several authors have concluded that scientists should not attempt to perform overall animal 
welfare assessment (OWA). They argue that scientists have continued to fail to make progress 
in this area and that value judgements are inherently involved in OWA for which science 
cannot provide answers. We take a more positive attitude toward OWA and argue that 
scientists should avoid creating a self-fulfilling prophecy. OWA is necessary for making 
actual moral and political decisions. Science has already accumulated much relevant 
information about welfare and this information should be applied in decision making. 

The task of OWA is to assess welfare based on knowledge of the biological needs of 
animals. Weighting of welfare-relevant factors constitutes a problem. However, when 
scientists cannot provide empirical data to solve weighting issues, this does not mean that 
rational answers cannot be found, e.g. in the form of procedural rules. OWA is conceived as a 
problem of multi-criteria decision making with fuzzy information. It focuses on the descriptive 
aspect of welfare, i.e. on what the welfare status of the animals really is without taking an 
ethical stance. The welfare status of animals depends on their biology and on the way animals 
assess their own welfare. It does not depend on how it happens to be perceived by us. Even 
though OWA necessarily remains a human activity, it is not arbitrary, nor does it allow of 
multiple 'correct' answers. OWA is a descriptive activity that can achieve more and more 
accuracy as science proceeds. 

Keywords: welfare assessment, housing, decision support, weighting, ethics. 

Introduction 
Concern for animal welfare is an issue for many people. Expressing concern about welfare 
often presupposes making an assessment of the overall welfare-status. Many people are 
convinced about the validity of their personal assessment of the welfare status of animals. 
However, differences in opinion appear hard to resolve. 

To help resolve these differences we are presently working on a model to assess the 
welfare status of farm animals on a scientific basis. Our goal is to develop a tool to perform 
overall welfare assessment (OWA), which can be used to support moral and political 
decision-making. For this purpose we are developing a kind of expert system, a decision 
support system (Bracke et al, 1999). Such a system requires a method to assess welfare in an 
explicit way and on a scientific basis. 

In this and the two following chapters we will discuss various considerations for 
performing OWA. The chapters 4 and 5 deal with available assessment tools and the 
biological basis for OWA respectively. In the present chapter we will discuss the 
methodological question whether it is theoretically possible to perform OWA on a scientific 

1 Paper by Bracke, M.B.M., B.M. Spruijt & J.H.M. Metz, 1999. Overall animal welfare assessment 
reviewed. Part 1: Is it possible? Netherlands Journal of Agricultural Science Al: 279-291. 
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