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The progress of a project aimed at developing a decision support
svstem (DSS) for overall wellare assessment is described. We chose
the pregnant sow as a ‘case’ to develop the assessment method. First,
we designed and tested a very simple prototype DSS in order to
examine several basic ideas as to how welfare can be assessed on a
scientilic basis. In this prototype welfare assessment was based on the
needs of animals. The second version of the DSS. which extended the
approach taken in the first, included a wider range of housing systems
and an improved knowledge base. It used a rigid formal procedure to
construct the model. moving directly from scientific statements into
if-then rules. However, this extended version resulted in counter-intu-
itive scores for the seven main housing systems for pregnant sows. In
the third version of the DSS the complexity ol the model was re-
duced. if-then rules being excluded. It was based on more general
biological considerations (needs and sub-needs) and produced scores
which accorded better with expert opinion. Weighting was managed in
a simplified. but procedural wayv. For improved welfare assessment we

suggest that the method of ‘reflective equilibrium’ should be used.
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Introduction

When asked. most people involved in animal hus-
bandry will readily offer an opinion about the welfare
status ol farm animals and its relation to housing.
This opinion is generally based on beliefs about the
animals that may or may not be scientifically valid.
Science can and should play a role in making correct,
or best possible, assessments of welfare.

Although index systems have been developed (Bar-
tussek 1986: Sundrum et al.. 1994), we possess al
present no generally accepted method for assessing
the overall wellare status of farm animals which
systematically takes into account all the positive and

negative aspects of housing and management systems.
One reason is the so-called “weighting problem’: it
has been argued (see. e.g.. Fraser et al., 1997) that we
cannot assess overall wellare, because we cannot
weigh different aspects of welfare together.

In this paper we formulate a way to assess overall
welfare and discuss the weighting problem in the
context of an attempt to develop a decision support
svstem (DSS) for wellare assessment at system level.
Although. in this short paper, it is not possible to
explain fully how the DSS works, the various ap-
proaches taken in its development illustrate how one
could go about making the procedure for welfare
assessment more explicit.
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DSS development

At the Insttute of Agricultural and Environmental
Engineering. Wageningen. a project developing a
DSS to assess the wellare status of pregnant sows 1s
currently in progress. A DSS is a computer-based
svstem which is designed to assist in solving unstruc-
tured problems (Alter, 1996 p. 133). Welfare presents
such an unstructured problem. for no standard proce-
dure for assessing il exists.

The sort of DSS we are concerned with takes a
description of a housing and management system as
imput and produces a welfare score as output. It does
so on the basis both of scientific statements contained
in a ‘knowledge base” and one or more models con-
tained in a ‘model base’. In line with. for example.
Dawkins (1990). we define welfare as quality of life as
perceived from the animal’s point of view. i.e. the
level of satisfaction and frustration of the animal’s
needs. Welfare may be assessed via an assessment of
needs (Bracke et al., 1999a) that is itself derived from
the attributes of the housing and management
system.

Our DSS assesses welfare at system level. That is. it
applies to groups of farms sharing certain welfare-rel-
evant attributes rather than at the level of the individ-
ual farm or group. Nevertheless, although this is a
more general level than that of the farm or group, the
difference between them is a gradual one. It depends
on the degree of specification of the system or farm.
and proper assessment at farm level may benefit from
an understanding of the assessment at system level.

The development ol a DSS proceeds according to
the so-called Evolutionary Prototvping Method (Tur-
ban. 1995). This means that an initial prototvpe is
developed and improved with repeated updating.
This increases the likelihood that the final DSS will
be adaptable to change (e.g. to changes in our scien-
tific knowledge).

In our research the DSS has gone through four
developmental phases: a multifaceted structured en-
tity (MSE) modelling phase, and the subsequent de-
velopment of three consecutive versions of the DSS.

MSE modelling helps to decompose a complex
problem into its elements by arranging them in a
hierarchical way (Zeigler, 1984: Rozenblit & Zeigler.
1986). For example. welfare can be decomposed into
the various needs which animals have. Branches can
be decomposed further and further, and a certain
item can be located in more than one place in the
tree. Using MSE modelling we attempted to describe
the structural components of welfare (or needs) with-
out trving to weight them. Even this turned out to be
rather difficult. For example. experts disagree about
whether rooting should be classified as a need for
food. as exploration. or as a separate need altogether.
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Such problems indicate that the \\a‘i:_'hllll_g
may not be the primary problem in welfare asssss-
ment, in that other issues precede it. '

In the next phase we took a more g-oal-‘dn'eg
approach and built a prototype DSS. We did sc o
essed on an exjplic-
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find out whether welfare can be ass 0
itly scientific basis in principle. We described a ]1-\:-:_‘,_\-.
ing system for pregnant sows, made several “sclentiic
statements. and designed a procedure 1o calculate
welfare score. This procedure requires welfare-rele-
vant parameters to be ranked. It calculates overall
welfare from need scores. Although very limited in
scope. the procedure generated pl'Omi?i‘_]g results. For
example. when applied to one inddeml lmusm;
system and three group-housing systems for pregnai
sows. il showed clearly that the individual houang
system scored less than the three group housing
systems. g ;

As a next step we constructed a new .\_;crsmll with
the aim of integrating the procedure mto more
complete DSS. Here we drew on an EU report on [h"j
welfare of pigs (Anonymous. 1997). from which \'_\.e
extracted scientific statements. We analysed approxi-
mately 700 of these statements into if-thel} rules.
generating 500 attributes describing the housing svs-
tems and 600 welfare relevant parameters that mud§
up the welfare model. All parameters countec
equally. .

The seven principal housing systems for pre
sows that were included in the DSS as reference
svstems were as follows: two individual housing Sys-
tems (tethers and stalls); three intensive group-hous-
ing systems indoors without straw (free-access ?talls..
Biofix or trickle feeding and the electronic sOW feede
(ESF) system): and two more extensive systems (out-
door ]'IO.USi]]g with huts and the anjb" Pen S_\.’stem&
Descriptions of these systems can be found in the El
report mentioned above (Anonymous. 1997). T.m
results were in part counter-intuitive: we tquml onl;‘ 3
small difference between the more extensive ]]OI.ISIH:‘;
systems and the more intensive ones. but no differ-
ence between the two individual housing systems and
the three indoor group-housing systems. '_Flus was nol
only contrary to our personal expectations: It W
also at variance with the expectations of the 11
international pig-welfare scientists we had asked to
give welfare scores for these systems (Bracke et al..
1999hb).

This second version of the DSS enabled a strong
link between scientific statements and the wellare
model to be established. However, because e n]:lll]c;
ber of welfare parameters. at 600. was SO large, and
because a literature review such as the EU report 13
not well suited to the extraction of if-then rules. 1t
was verv difficult 1o make further adjustments 1@ Il?e
DSS. Indeed we failed to resolve the problematic
findings in a sausfactory way.
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of the DSS we reduced the
from 600 to

the third version
- of welfare relevant parameters .
ased on more general
different sub-
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17, These parameters were b
Sgical considerations about the
< that can be identified in pregnant SOWs. A:
. the link between the parameters in the welfare
| he knowledge

medel and the scientific statements in t : g
buse was much less rigid. However. we did derive
scores that accorded more closely with our (and the
pig-welfare scientists’) cxpecmlions: .—\llho.ugh‘ lhc
third version of the DSS requires further nnpm_u?-
ment. it does allow moderate optimism that welfare

assessment will be possible without usmng complex

welghtings.

From the discussion above it follows that \\'xj'xjghlmg Is
performed correctly only under certain sp‘ccmc condi-
tions. One criterion of success is that \\'ellar_c parame-
ters must apply across the domain ol hL_msmg
systems. So. for example, older ESE systems did not
h‘ﬂ\’tf a head-first exit: and because sOWwWs had to back
out. agonism and vulva biting problenlls were ele-
vated. The possession of a head-first exit cannot be
treated as a welfare parameter. because‘ it f.'ioes not
apply (o other feeding systems such as teedu'lg stalls
and floor feeding. Having a head-first exit doe_s.
however, affect the level ol agonism, and the lf'mer is
a candidate for welfare assessment. because It does
apply across housing systems.

Furthermore, the parameters should have proper
‘units” in which weighting can be performed.. For
example, square meters of space cannot be wc1ghed‘
against kilograms of food. Nor should the amount of
rooting sub&rute be allowed to load directly onto
welfare. because its effect depends. for instance. on
whether the sows have nose rings. Rather than hav-
ing metres of space or amounts of rooting SleSll‘i‘lle.
it is better to have the different needs in the welfare
model. .

Thirdly, it may not be correct 10 attach one weight
lo an entire parameter. For example. th_e sl-ﬂlemen.l
that food is important because animals die without 1l
seems (o make sense, but it is incomplete. Not all
increases in the amount of food are equally impor-
tant. This means that we should not only be careful
to select the parameters that must be weighed. b.ul
that the weighting itsell should involve dil‘ferem_ml
weighting 01? par:lmeter values rather than entre
parameters. This mayv be a difficult task. but there
may o ways of overcoming these diffculties.

Thers are several wavs to assign weighting tactors
(WF: . They can be assigned either intuitively. or on
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s of empirical data, or on the basis ol theoret-

Development of a decision support system

ical considerations. Intuitions may be valid. but they
may also be erroneous. Therefore. we would prefer a
more rational basis for assigning WFs if it were
available. Empirical data. such as preferences. oper-
ant conditioning. or elasticity ol demand would be
ideal. but owing to methodological difficulties, few
quantitative empirical data are available to assist with
weighting at present (e.g. Fraser. 1993). In the ab-
sence of such data - or when such data point in
different directions - we may have to resort to
theoretical considerations and assign WFs on the
basis ol concepts such as fitness value, the ability to
cope or adapt, and predictability and controllability.

In the second and the third version of the DSS we
calculated welfare as a weighted average of need
scores. We used the simplest weightings possible and
thus set all WFs at 1. Further refinement of the
weighting procedure would include setting minimum
requirements which have particularly high WFs such
that. when they are satisfied. their value determines
overall welfare. Furthermore. the various need scales
should be calibrated. Needs are expressed on a rela-
tive scale from 0 to 10, but some needs cover a wide
range (e.g. the need for food). Other needs count
mainly negatively (e.g. health or aggression). while
still others mainly count positively (e.g. the ability to
root). This implies that it may be necessary to trans-
fer need scores to a communal scale before calculat-
ing welfare. Finally. we may attempt to aggregate
arguments that are relevant to weighting.

Consider the following example: which is more
important for individually stalled sows: being able to
turn around or social contact? We can list the argu-
ments in favour of each alternative,

Turning is important to allow orientation towards
danger. It may be important for preparing the resting
area and for exploration. Turning also allows the use
of muscles and may improve bone strength. This adds
up to four advantages. By contrast. social contact
allows sows to establish a dominance hierarchy and
settle disputes. It also allows them to huddle. A
disadvantage of social contact is that sows which
have it are no longer protected from aggression. This
adds up to two advantages for social contact and one
disadvantage.

Of course, social contact involves the ability to
turn around. Therefore. when we look at social con-
tact and turning together, the former is better, even
though at the level of parameter values the ability to
turn is relatively more important for stalled sows — as
indicated by the number of advantages that can be
listed in its favour. Since it is possible that not all
arguments are equally important. more sophisticated
welghting may use a similar procedure to determine
the importance of each advantage and disadvantage
separately. However, even without this sophistica-
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tion, this example illustrates the fact that it is Possi-
ble. in principle. 10 quantify weightings in an ag-
gregative way.,

Such weightings can be implemented in a model in
order 1o calculate welfare scores. The output should
be in accordance with our most basic opinions. as
was illustrated for the three versions of the DSS. This
dialectic, in which a theory is developed from one's
most basic intuitions once these are harmonised with
each other and with other available knowledge, is
known in philosophy as the method of ‘reflective
equilibrium’. A contemporary philosopher who
applies this method (which is also called the coher-
ence model) to the field of animal welfare is De-
Grazia (1996). Although DeGrazia uses it primarily
for solving moral questions. the method of reflec-
tive equilibrium may also be suitable for assessing
farm animal welfare, because our most basic opinions
(about which consensus exists) play an important
role in validating welfare models. and because (as
a coherence model) it emphasises the role of mak-

ing overall (or all-things-taken-together) judge-
ments.
Conclusion

Our discussion of the various development stages of
the DSS shows that welfare is complex (Dawkins.
1997). MSE modelling proved difficult, and every
new version of the DSS contained both improve-
ments and setbacks. In particular, it proved useful to
test the model against our most basic opinions. which
1s a first step in trying to find a reflective equilibrium.

The weighting problem is challenging. but it should
not paralyse us. First. it must be established which
parameters are 1o be incorporated in a welfare model.
This requires careful attention to the reasoning steps
that are involved in welfare assessment. When neces-
sary, quantitative weighting procedures can be con-
structed. However, less complex models may already
achieve a reflective equilibrium — that is. when they
make use of available knowledge and generate output
that is in accordance with our most basic opinions
about animal welfare.
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