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Abstract

A computer-based model was constructed to assess enrichment materials (EMats) for intensively-farmed weaned, growing and
fattening pigs on a scale from 0 to 10. This model, called RICHPIG, was constructed in order to support the further implementa-
tion of EC Directive 2001/93/EC, which states that “pigs must have permanent access to a sufficient quantity of material to
enable proper investigation and manipulation activities”. This paper describes the underlying conceptual framework for assessing
EMats and explains the concepts, procedures and calculation rules used for semantic modelling. A (parsimonious) weighted
average calculation rule was used to calculate enrichment scores from assessment criteria scores (which specify welfare relevant
material properties of EMats) and weighting factors (WFs, which specify the relative importance of the assessment criteria). In
total, 30 assessment criteria were identified and classified as object design criteria (eg novelty and accessibility), behavioural
elements (eg nose, root, chew), biological functions (explore and forage), manipulations (ie object-directed behaviours), other (non-
manipulative) consequences (eg aggression and stress) and object performance criteria (eg changeability/destructibility and
hygiene). WFs were calculated from a systematic analysis of 573 scientific statements collected in the database, using I | so-called
weighting categories (Wcat, ie scientific paradigms to assess welfare such as the study of natural behaviour, consumer demand
studies and stress-physiology) to assign Wcat level scores (which indicate the intensity, duration and incidence of a welfare impact)
to the assessment criteria. The main advantages of the RICHPIG model are that it is based explicitly on available scientific infor-
mation, that it has an explicitly formulated conceptual framework, is transparent, disputable, upgradeable, robust and reasonably
in accordance with expert opinion. Major scope for improvements exist in the form of the need for further upgrading with new
knowledge, empirical validation and (further) implementation in political decision-making processes.
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laying hens (FOWEL), (De Mol et al 2006 ). The most
recent model was designed to assess enRICHment materials
for PIGs. It is called RICHPIG. This model has a refined
underlying conceptual framework, which resulted in a new
classification of criteria to assess enrichment value and it has
improved calculation rules, eg taking into account the levels
of (un)certainty of the underlying scientific information.

Introduction

The growing field of applied ethology, which deals with
assessing farm animal welfare, does not always provide the
required answers for science-based political decision
making. ‘Semantic modelling’ tries to help bridge the gap by
developing procedures and computer-based tools (so-called
decision support systems) for quantifying welfare assess-

ment based on the available scientific literature. In brief,
semantic modelling can be defined as formalised welfare
assessment based on available scientific information.

The methodology was originally developed for overall
welfare assessment at system level in dry sows, showing that
semantic modelling was possible in principle and that it
correlated reasonably well with expert opinion (SOWEL),
(Bracke 2001; Bracke et a/ 2002a, b). Subsequent work on
tail biting in pigs showed that the method could also be
applied to other, related issues and that validation could be
performed empirically (PIGTAIL), (Bracke et al 2004a, b).
An independent research group constructed a semantic
model to evaluate newly-designed housing systems for

RICHPIG was constructed to support the Dutch Ministry of
Agriculture with the further implementation of EC
Directive 2001/93/EC. This directive states that: “Pigs
must have permanent access to a sufficient quantity of
material to enable proper investigation and manipulation
activities, such as straw, hay, wood, sawdust, mushroom
compost, peat or a mixture of such, which does not
compromise the health of the animals”. The interpretation
of this directive was not straightforward due to words like
‘such as’, ‘proper’ and ‘sufficient’. The modelling was
intended, more specifically, to generate operational assess-
ment criteria that determine the enrichment value of toys
and substrates for intensively-housed pigs.
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Conceptual framework for welfare assessment (adapted from
Wiepkema 1987 and Anonymous 2001a).

Spoolder et al (2003) formulated criteria to evaluate
methods for integrated welfare assessment; a model should
be valid, reliable and feasible. Validity implies that the
model should be in accordance with the present state in
(biological) science. To this end, the model should be
objective, reflecting what (is known about what) matters to
the animals, rather than reflecting the personal opinion of
the modeller, and it should be transparent, such that it can
be disputed and, if necessary, upgraded.

The objective of this paper was to explain RICHPIG’s
structure in the hope of allowing critical evaluation, identi-
fication of the scope for further improvements and imple-
mentation in (policy-making) practice.

Overview of RICHPIG

The model was designed to formally derive enrichment scores
for enrichment materials (EMats) on a scale from 0 (worst) to
10 (best) from scientific information collected in a database.

Figure 1 shows RICHPIG’s main components and proce-
dures. RICHPIG is a decision support system programmed
as a so-called relational database in the software Microsoft
Access and Excel.

In order to assess a new EMat the user must assign a set of
criteria scores (one for each assessment criterion) based on
the material properties of the EMat. RICHPIG then multi-
plies the criteria scores and pre-determined weighting
factors (WF) to generate an enrichment score. The user is
assisted in assigning criteria scores and in interpreting the
enrichment score by a ‘feedback’ loop called ‘bench-
marking’, which involves a comparison with benchmark
(example) EMats in the model.

For each assessment criterion a WF was calculated based on
a formal analysis of the scientific information using so-
called weighting categories (Wcat) such as (the study of)
natural behaviour, preferences, frustration/aversion, produc-
tion, health and fitness.

RICHPIG’s structure (Figure 1) closely resembles its under-
lying biological conceptual framework for animal welfare
assessment (Figure 2). This follows from the common
objective of assessing welfare as what matters to the
animals from their point of view (Bracke ef al 1999a, b, c).
The conceptual framework and RICHPIG’s components
(EMat treatments, calculation rules, assessment criteria,
weighting factors, weighting categories, scientific state-
ments and scientific references) will be described in more
detail below and include a reference to the underlying prin-
ciples, main shortcomings and scope for improvement.

EMat treatments used for benchmarking

The model was designed for intensively-housed, weaned,
growing and fattening pigs that are kept in a so-called
‘reference pen’ without EMat (Bracke et al 2006; Table 1).
The provision of an EMat in the reference pen was called an
‘EMat treatment’. EMat treatments were included in
RICHPIG for benchmarking, ie to ‘see’ the model work and to
provide operational support for the assessment of new EMats.

In the model 130 different EMat treatments were listed. They
were derived from the literature and from the need to illus-
trate assessment principles. A large subset of 74 EMats were
derived from van de Weerd et a/ (2003b) and used for the
‘empirical’ validation (described below). Another (slightly
overlapping) subset of 64 EMats were used for validation
against expert opinion (Bracke ef a/ 2007a).

The EMat treatments were described with reference to the
type of material, its dimensions, amount, provision frequency,
position in the pen and the pigs’ age/size for which the EMat
was designed. Examples of EMat treatment descriptions and
calculated enrichment scores are given in Table 1.
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Table | Example descriptions and enrichment scores of several enrichment materials in RICHPIG.

Enrichment material Score Description

Reference pen (no enrichment) .46  Pen without enrichment material, otherwise (just) meeting minimum legal requirements for animal
welfare. Typical/standard pen for weaners (as of 25 kg), growers and fatteners (up to 100 kg),
respectively. Pen surface for fatteners 0.7-1 m pig. Pigs typically fed ad libidum pellets, partly slatted
concrete floor, stable group of approximately 10 pigs per pen.

Metal chain 224 A metal chain, hung vertically, at shoulder height, some 20 cm off the back of the pen.

Plastic ball 232  Heavy plastic ball (35 cm diameter) free on the pen floor.

Rubber hose cross 3.04  Two rubber hoses, fixed in the form of a cross, suspended on a chain, slightly above shoulder
height.

Rope 3.29  Straight sash cord (cotton | cm diameter, 40 cm long) suspended from the pen gate at shoulder
height (daily) adjusted according to consumption.

Pinewood beam 425  Pinewood beam (13 c¢cm diameter, |.5 m long) suspended by chains to the wall, at ‘knee’
(carpus) height.

Earth 4.71 Earth in a small trough (dimensions: 15 x 20 cm).

Foodball 520  The Edinburgh Foodball®, containing food pellets that drop out when the ball is rooted
upon (refilled once daily).

Mushroom compost 6.53  Spent mushroom compost on a horizontal metal rack (I m* above the pigs’ heads), grid
size 30 mm?, compost refreshed daily, approximately 1/3 kg pig"' day'.

Strawrack device 6.54  Coarse chopped straw from a rack with a trough, a chain (to facilitate sliding of the straw)
and a soft-wood beam (8 cm diameter, 50 cm long) hung horizontally above the trough on
two chains (straw use: 10-20 g pig"' day™'; straw length: || cm).

Straw twice daily 7.08 A handful of long straw provided twice daily (approximately 20 g pig™' day™').

Fodderbeets 7.09  Roughage, chopped fodderbeets (low DM) in a trough, provided ad libidum once daily.

Long straw and branches 834  Long straw provided once daily in a pen with two fir branches (which are renewed every
month or when destroyed).

Straw and beet roots 8.54  When whole straw mixed with chopped beet roots provided ad libidum on the pen floor

once daily.

An enrichment score expresses an EMat’s enrichment
value on a scale from 0 (worst) to 10 (best). This formally-
derived score is designed to express the overall level of
satisfaction and/or frustration of the pigs’ (welfare) needs
to explore, play and forage.

When we compared the preliminary model’s overall
enrichment scores for 64 EMats with expert opinion
(senior applied ethologists presented with the EMat
descriptions and their model scores) a high correlation
(r=10.97, P <0.05) was found (Bracke ef a/ 2007a). The
present model had a slightly lower, but still very high
correlation (r = 0.96, P < 0.05).

How enrichment scores were calculated

Enrichment scores were calculated from so-called assess-
ment criteria scores and their weighting factors (WFs) using
a weighted average calculation rule. This rule had been used
successfully earlier (Bracke et a/ 2002a); it is very simple (ie
parsimonious) and it has been widely used (eg in education).

Figure 3 shows the breakdown of the enrichment scores of
the example EMats introduced in Table 1. Each assessment
criterion contributes to the overall scores (upper line) with
normalised assessment criteria scorings which are the
products of the normalised WFs and the assessment criteria

scores. The assessment criteria scores (scale 0 to 10, see
Table 2) represent the degree to which the EMat fulfils the
criteria. The normalised WFs represent the proportional
importance of the assessment criterion relative to the other
assessment criteria in the model. Normalised WFs for all
assessment criteria together add up to 1 and are shown in
Figure 3 under the label ‘Max scores’, which add up to a
total enrichment score of 10 and where, by definition, an
assessment criteria score of 10 was given for each assess-
ment criterion. Normalised WFs are the products of the WF
of an assessment criterion divided by the sum of WFs of all
assessment criteria in the model.

Since the normalised assessment criteria scorings in
Figure 3 (which range between 0 and normalised WF for
each criterion) have been stacked, the lines can
converge, but they cannot cross each other. This follows
from the weighted average calculation rule to calculate
overall enrichment values.

The relatively large distances between one assessment
criterion’s line and the previous, lower line in Figure 3
shows, for example, that ‘earth’ benefited considerably
from being rootable, compared to its adjacent EMat treat-
ments (‘foodball’ and ‘woodbeam’). In accordance with
current expert opinion (Bracke 2006), it also shows that the
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better, straw-based EMats, in general, benefited from being
ingestible, changeable (ie destructible), chewable, inter-
actible (AMI), explorable, forageable and rootable (see later
discussion of the choice of the assessment criteria).

Figure 3 illustrates, thus, that overall enrichment scores for
EMats derive from the degree to which each criterion is
fulfilled (criteria scores) and from the relative importance of
each criterion (normalised WFs).

Table 2 shows some (unweighted) assessment criteria scores
for the example EMats. They were derived from an evalua-
tion of the material properties of the EMats in relation to the
science-based assessment criteria (see below).

These scores were assigned on a scale from 0 to 10, prefer-
ably using the 5 points 0, 2.5, 5, 7.5 and 10, indicating
minimal (0) to maximal (10) satisfaction of the criterion.

The scores in Table 2 have been used in Figure 3. For
example, the first score of 7.5 shown in Table 2 (for EMat
‘straw and roots’ and ‘smell’, which expresses the degree to
which the EMat has an attractive smell for the pigs) is repre-
sented in the upper left corner of Figure 3 as 0.75 times the
distance for ‘Max scores’ between the lines for ‘smell’ and
‘taste’. A more detailed explanation of the assessment
criteria (scores) however, requires, first, a more detailed
description of the underlying conceptual framework.

Conceptual framework for welfare assessment

The conceptual framework for modelling environmental
enrichment in pigs derived from Wiepkema (1987). It was
previously formulated as a commonly-used framework for
animal welfare assessment in Anonymous (2001a), had
been used for semantic modelling of welfare in pregnant

© 2008 Universities Federation for Animal Welfare

https://doi.org/10.1017/50962728600032218 Published online by Cambridge University Press


https://doi.org/10.1017/S0962728600032218

RICHPIG model to assess pig welfare 293

Table 2 Examples of assessment criteria and their scores for enrichment materials (EMats) in RICHPIG.

EMats Smell Novelty Access Root Chew Change Move
Straw and roots 7.5 7.5 10 10 10 10 7.5
Straw and branches 7.5 7.5 10 10 10 10 7.5
Fodderbeets 10 7.5 7.5 7.5 10 10 5
Straw twice daily 7.5 10 7.5 7.5 7.5 10 7.5
Compost rack 10 7.5 10 10 2.5 5 5
Strawrack device 5 5 75 75 7.5 7.5 5
Foodball 5 75 25 75 2.5 25 10
Earth 75 5 7.5 10 25 2.5 2.5
Woodbeam 5 2.5 5 5 5 5 5
Rope 2.5 2.5 2.5 0 5 5 2.5
Rubber hose 0 0 5 0 5 2.5 2.5
Ball 0 0 2.5 2.5 0 0 7.5
Chain 0 0 2.5 0 0 0 2.5
Reference pen 0 0 0 0 0 0 0
Figure 4
Schematic representation of the concep-
tual framework for assessing environ- Design Phylogeny (eg rooting for food, breeds selected for growth)
mental enrichment for pigs. EMat: enrich- criteria Ontogeny (life history, previous experience with EMat)
ment material; AMI: animal-material
interactions; I: Istwert, the environment
as perceived by the animal; S: Sollwert, S: Need to explore/ forage
setpoint or norm of the animal.

EMat I: see, smell, (Welfare -)

(novelty, hear, taste, physiology Performance

amount, touch the EMat

etc) T

Enrichment
EMat- value

performance (eg
destroyed, eaten)

T AMI, eg nosing, rooting, biting, ‘consumption’/ learning, demand

Pen-directed behaviour, aggression

Tail biting, (other) harmful social behaviour, stereotypies, injury/illness

<
<

sows (Bracke et al 2002a, b) and was described in relation
to natural behaviour in Bracke and Hopster (20006).

Figure 4 shows the basis for the conceptualisation of the
(classes of) assessment criteria in the model. ‘Design
criteria’ represent the environment in the widest possible
sense. It includes both the here-and-now environment as it
impinges upon the animal (Istwert, reference pen
with/without EMat, conspecifics, stockpersons) and the past
environments (including both the animal’s ontogeny/life
history and its phylogeny/evolutionary history). The past
environments co-determine the norms/Sollwerte of the

animal here and now (through, eg natural selection and
conditioning). The here-and-now environment is perceived
by the animal through its perceptual system, which includes
its ability to smell, see, hear, taste and touch.

The animal’s behavioural and physiological responses form
its (welfare) performance output which can be measured
and grouped into a number of motivational systems/welfare
needs (Bracke et al 1999¢) that involve emotions and that
are regulated with feedback loops (making predictability
and controllability so important for animal welfare),
(Wiepkema & Koolhaas 1993).
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Within the conceptual framework, the concept of ‘proper
investigation and manipulation’ as used in directive
2001/93/EC, implies functional behaviours that meet the
animal’s ‘enrichment’ needs, especially its ethological needs
to explore, play and forage, and its associated emotions of
curiosity and boredom, while other needs were excluded from
being modelled. Pigs are motivated to explore, play and forage
and they need objects or substrates to satisfy these needs (eg
Wood-Gush & Vestergaard 1991). More satisfaction may be
anticipated when behaviours have functional consequences,
eg when they are performed as a functional chain of behav-
iours (eg rooting is more valuable when it leads to obtaining
food). In general, the more the animals are motivated to
perform the (various component) behaviours and the more
severe the negative consequences when prevented performing
the behaviours (eg increased tail and ear biting), the more
important these behaviours must be to the animals.
Accordingly, weighting factors (WF) can be derived from the
intensity, duration and incidence of the behavioural and phys-
iological (including stress, reproductive and patho-physiolog-
ical) responses and their biological significance.

The feedback loops in Figure 4 show different stages of the
animal’s engagement with EMats. For example, when an
animal is provided with an EMat (design criterion) the
EMat will be explored (performance, AMI). When EMats
are absent or inadequate, the animal may show primary
feedback, eg search behaviour and pen-directed behaviour.
When it fails to find a suitable substrate, secondary strate-
gies will develop such as tail biting and/or stereotypic oral
behaviour patterns. Finally, the problem may escalate, eg
when cannibalism develops.

The conceptual framework thus identifies different sources
of information that are relevant to assess environmental
enrichment for pigs. Starting from the framework’s input
side these include object design criteria, behavioural
elements, biological functions, manipulations (of EMats,
pen and animals), other (non-manipulative) consequences
and object performance criteria. These define the 6 classes
of the assessment criteria in the model.

Assessment criteria

‘Assessment criteria’ are material properties, ie descriptors
of an EMat, that may be regarded as factors contributing
(additively) to welfare/enrichment value, ie ‘proper investi-
gation and manipulation’. Assessment criteria include both
design criteria and performance criteria. Note that these are
related by the feedback in the conceptual framework and
this allows, for example, the translation of the statement
‘straw elicits rooting’, where ‘rooting’ is a behavioural,
animal-based performance criterion, into the statement
‘straw is a rootable material’, where ‘rootability’ is an envi-
ronment-based design property of the material ‘straw’. In
total 30 assessment criteria were formulated in RICHPIG.

The class of object design criteria includes 6 different
perceptual causes of enrichment: ‘smell’, ‘taste’, ‘visi-
bility’, ‘novelty’, ‘nutritious’ and ‘accessible’. These items
were formulated based on an analysis of the pigs’ senses
(‘smell’, ‘taste’, ‘see’, ‘hear’ and ‘touch’), an attempt to

avoid overlap with other criteria (eg ‘touch’ was already
covered by the ethogram-based criteria ‘nose’, ‘bite’ and
‘chew’; and ‘hearing’” was subsumed under ‘sound
producing’, which was classified as object performance
criterion, see below) and aspects encountered in the litera-
ture specifically recognised as being important (eg
‘novelty’, ‘being nutritious’ and ‘accessible’).

Behavioural elements form a class of 5 assessment criteria
that are ethological elements of ‘proper investigation and
manipulation’. These are: ‘nose’, ‘root’, ‘bite’, ‘pull’ and
‘chew’. This included the main behavioural elements. It
excluded minor elements such as ‘paw’ as these lacked
scientific support in the RICHPIG database, eg indicating
lack of evidence that ‘pawability’ significantly contributed
to overall enrichment value.

Biological functions form a class of 2 assessment criteria
identifying enrichment goals (Sollwerte). These are:
‘explore/learn’ and ‘forage’. Here ‘play’, which was
restricted to ‘object play’ (as a result of the definition of the
domain of investigation in relation to EMats), was
subsumed under ‘explore/learn’.

Manipulations form a class of 5 assessment criteria that
refer to interactions of the animals with the EMat, the pen
and penmates in relation to (seeking) enrichment. These are:
‘animal-material interactions’ (AMI), ‘pen-directed
behaviour’, ‘abnormal behaviour’ (eg belly nosing), ‘tail
(and ear) biting” and (other) ‘penmate-directed behaviour’.

Other (non-manipulative) consequences form a class of
7 assessment criteria that are non-manipulative (potential)
consequences of (the lack of) enrichment. These are:
‘activity’, ‘production’, ‘fear’, °‘stress’, ‘aggression’,
‘disturbance’ (as when pigs playing with a chain on the floor
disturb the resting behaviour of penmates) and ‘health’.

Object performance criteria form a class of 5 assessment
criteria that refer to the way the EMat responds to manipu-
lation. Such responses are indicative of a certain level of
control by the pig. Object performance criteria are: ‘sound’,
‘move’, ‘change’ (which includes flexibility and destructi-
bility of the EMat), ‘ingest’ and ‘hygiene’.

Each assessment criterion specifies some aspect that
contributes additively to enrichment value. This implies
that, contrary to what the term ‘criterion’ may suggest, a
single assessment criterion as used here, is neither necessary
nor sufficient for overall enrichment. This is because in the
model, enrichment scores are calculated as a (weighted
average) function of the degrees of satisfaction of all assess-
ment criteria together. Each assessment criterion is only
necessary and sufficient to determine the component of
enrichment value it represents.

The formulation of the assessment criteria started with an
inventory of the measures used for studying EMats for pigs
(Bracke et al 2006). In an email questionnaire, experts were
also asked to identify material properties/criteria they
considered important to assess the enrichment value for pigs
(Bracke 2006). Subsequently, the lists were related to the
conceptual framework for welfare assessment. Finally, the
assessment criteria were shaped further during modelling
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when they were applied to many (130) EMat treatments and
when they were functionally related to the scientific state-
ments in the database, following a procedure derived from
Bracke et al (2002a); (where an ‘assessment criterion’ was
called an ‘attribute’) and described in more detail below.

Together, the assessment criteria in the model were intended
to cover all aspects that contribute to enrichment, according
to the conceptual framework and according to the scientific
information collected in the database, and they were formu-
lated in such a way that their scores could be ‘added up’ to
determine the overall enrichment value/score of the EMat.

Formally, each assessment criterion contains two or more
levels that can be ranked from worst to best and that
together match the range of conditions (to be) encoun-
tered in the assessment domain (here, the range of EMat
treatments for which the model is designed). Each
criterion, therefore, can be applied to every EMat in the
assessment domain, by declaring identity to exactly one
level for each criterion (ie criteria apply across EMats).
This makes enrichment calculations possible since each
ranked level has an assessment criterion (level) score
attached to it (eg 0, 2.5, 5, 7.5 and 10 for a criterion with
five levels ranked from worst to best), expressing the
within-criterion rank. For example, the criterion ‘roota-
bility’ was assigned the level ‘not rootable’ (score 0) for
the treatment ‘rubber mat’ and ‘highly rootable’ (score
10) for the treatment ‘earth trough’ (see Table 2). Some
criteria scales were also reversed. For example, the ‘tail
biting’ scale was reversed because higher levels of tail
biting indicate lower levels of welfare/enrichment.

The procedure ensured that the assessment criteria scores
were normalised ‘from the animal’s point of view’. For
example, the criterion ‘change’ (destructibility) does not
imply that the more destructible the better for enrichment
(as materials can also be too destructible for the pig).

Whenever possible, various related aspects of an assess-
ment criterion were grouped into one concept. For example,
measures of the duration and frequencies of tail-biting
behaviour as well as tail lesion scores, all loaded onto the
criterion ‘tail biting’. Not all 30 assessment criteria formu-
lated in RICHPIG were functional for calculating enrich-
ment scores. When adequate information was lacking to
assign scores to the benchmark EMats for an assessment
criterion, then default values were given, sometimes even
for all EMats. A default assessment criteria score of 5’ was
given when it was expected that future information could be
associated with both higher and lower levels compared to
the level in the reference pen. The development of animal-
based measures for on-farm welfare assessment was not an
objective of RICHPIG’s construction but would certainly be
a welcome supplement of the model as well as providing a
potential instrument for empirical model validation. The use
of default values resulted in parallel lines shown in Figure 3
(and as detailed below).

Functional sets of assessment criteria scores were given for
the classes ‘object ‘design’ criteria (perceptions)’, ‘behav-
ioural elements’, ‘biological functions’ and ‘object perform-
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ance criteria’. Out of the class ‘manipulations’ only the
assessment criterion ‘AMI’ was fully used. The other
criteria in this class and the class ‘other (non-manipulative)
consequences’ was used only sparsely (as little was known),
while the 5 criteria ‘activity’, ‘production’, ‘fear’, ‘stress’
and ‘aggression’ were not used, receiving a default score of
‘5’ for all EMat treatments.

A factor analysis of the assessment criteria scores of all
EMats in the model (PCA, using SPSS 13.0) (Anonymous
2001b) revealed that 4 factors explained 56.6, 8.7, 6.4 and
5.0% of the variation.

Factor 1, which could perhaps be labelled ‘manipulation’,
contained all 6 perceptual causes of enrichment (with
coefficients between 0.59 and 0.82), two behavioural
elements (‘nose’ and ‘root’, with coefficients of 0.70 and
0.87, respectively), each of the two biological functions
(‘explore/learn” and ‘forage’, with coefficients of
0.58 and 0.86, respectively), all 5 criteria in the class
‘manipulations’ (with coefficients between 0.69 and 0.90)
and it contained the criteria ‘disturbance’ (0.81), ‘change’
(0.53) and ‘ingestion’ (0.73).

Factor 2, which could perhaps be labelled ‘biteability’,
contained the criteria ‘bite’, ‘pull’, ‘chew’ and ‘change’
(with coefficients between 0.73 and 0.86) and, to a lesser
extent, ‘AMI’ and ‘ingest’ (with coefficients of 0.53 and
0.56, respectively).

Factor 3 contained the criteria ‘sound’ (0.71), ‘move’ (0.73)
and the negatively loading ‘hygiene’ (—0.68). This factor
could be called ‘loose’, where the negative loading of
‘hygiene’ can be explained as the result of reduced
‘hygiene’, ie enhanced soiling with excreta, due to being
‘loose’ in the pen.

Factor 4 contained the criterion ‘health’ (0.89).

A multiple-stepwise regression analysis showed that
‘forage’, ‘change’, ‘AMI’, ‘root’, ‘nutritious’, ‘pull’, ‘tail
bite’, ‘chew’, ‘explore/learn’, ‘novelty’, ‘bite’, ‘ingest’ and
‘accessibility’ were subsequently selected.

While the factor analysis identified sets of criteria that point
in a similar direction, the stepwise regression identified the
criteria that most contributed to the overall scores. Both
analyses provide scope for further simplification of the
model. At present, however, no attempts were made to
further reduce the model because it was considered most
important to maintain the full relationship with the under-
lying conceptual framework and because application of the
model has already been made fairly simple.

When assessing a new EMat using RICHPIG the user must
specify its relevant material properties. This requires
assigning one assessment criteria score (scale 0 to 10) to
each of the 30 assessment criteria in the model (including a
default score of 5 for each of the 5 non-functional criteria).
This task is not as difficult as it may seem, as the user must
select and copy the scores of the most similar benchmark
EMats already scored in the model. This is because, for
optimal scoring and maintaining the model’s
integrity/coherence, the user must treat similar cases
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Figure 5
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Absolute scores of (positive and negative) maxima of weighting category level scores for each assessment criterion in the RICHPIG
model. The criteria have been sorted according to their overall weighting factors (WF) from left to right. The weighting categories
(Wocat) have been stacked in the order of presentation in the legend. The 3 upper Wcat all load positively and are identified by solid
lines. The remaining Wcat load negatively and are identified by dotted lines. ‘d": directed; ‘b’: behaviour.

similarly, ie he/she must follow the scorings of similar
cases, unless there are good reasons to divert from that
scoring. This reduces both the knowledge requirements
demanded from the user as well as the potential impact of
his/her subjective opinions and interests.

Weighting factors were derived from weighting
categories

In RICHPIG the relative importance of each criterion for
assessing enrichment value (compared to the other criteria
in the model) was expressed with a weighting factor (WF).

WFs were derived from so-called weighting categories
(Wcats). The 11 Wcats formulated in RICHPIG were all
(higher-order classes of) performance criteria that refer to
the different methodologies/paradigms used for studying
animal welfare, including the study of natural behaviour,
preference tests, consumer demand studies, the study of
abnormal behaviour, stress physiology, etc. The Wcats
derived from previous work, where they were functional for
deriving WFs for assessing the overall welfare status of
pregnant sows (Bracke et al 2002a, b). In RICHPIG each
Woeat had 3 levels (ranked and scored from 1 to 3) which
were attributed to assessment criteria in the analysis of the
scientific statements in the database. These Wcat level

scores were assigned on the basis of an interpretation of
scientific statements reporting a given level (in terms of
intensity, duration and incidence) of some measure taken
within a Wcat study paradigm.

WFs were multiplied with assessment criteria scores to
calculate overall enrichment scores. WFs were themselves
calculated from so-called weighting category level scores
that were assigned when the scientific information on
consequences for different aspects of enrichment value (pig
welfare) in the database was systematically analysed during
modelling (as will be explained in the sections below).

Figure 5 shows the WFs for the assessment criteria in the
model, as well as how the scores were built up from
component scores for underlying weighting categories
(Wcat). For example, ‘tail bite” had the highest WF (12.5),
which is represented in the figure as the stacking of the
absolute values of the negative scores (—11.3) and the positive
scores (1.2). The figure shows, for example, that the criterion
‘tail bite’ generates a high WF mainly due to negative
loadings (dotted lines), while the next important criterion
‘AMI’ generates its WF mainly due to positive loadings.

The resemblance between Figures 3 and 5 is not a coinci-
dence. The enrichment scores in Figure 3 are derived from
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stacking weighted assessment criteria scores, while the WFs
in Figure 5 are derived from stacking (maxima of) Wcat
level scores. In fact, Wcats and assessment criteria serve a
similar function at a different level of abstraction. The WFs
in both figures are mathematically related, in that the
normalised WF for (the ‘Max scores’ of) ‘tail bite’, for
example, in Figure 3 is the total score shown in Figure 5 (ie
12.5) divided by the sum of the WFs of all assessment
criteria (ie 12.5 for ‘tail bite’ + 12.4 for AMI + 12.2 for
‘explore/learn’ + ... + 1.2 for ‘move’).

Figure 5 does not show the ‘Max scores’, as the Wcat were
all scored on a 3-point scale (‘low’, ‘moderate’ and ‘high’),
ie +3 for each positive Wcat (ie ‘natural behaviour’, ‘pref-
erence’ and ‘demand’) and —3 for each negative Wcat (ie
“frustration/aversion’, ‘abnormal behaviour’, ‘aggression’,
‘reduced fitness’, ‘pain’, ‘illness’, ‘stress’ and ‘reduced
survival’). The absolute total of 33 (11 Wcat X 3 points) is
much higher than the highest WF shown in Figure 5 (12.5
for ‘tail bite’) because the Wcat level scores (on the 3-point
scales) were corrected for uncertainty and because the
highest possible score (3 or —3) was not often supported by
the underlying scientific information (see below).

The WFs were found to be moderately correlated to expert
opinion (Spearman Rank = 0.63, P < 0.001; Bracke et a/ 2007b).

A more detailed explanation of obtaining the (positive and
negative) loadings will be given below, after an introduction
of the scientific information in the database.

Scientific references

Scientific references were regarded as the primary source of
information for modelling because they provided the most
reliable and valid information available.

Scientific references were classified broadly as method-
ological publications and publications on environmental
enrichment. Methodological publications included papers
describing principles of semantic modelling (eg Bracke et a/
2002a, 2004a) and papers describing the biological concep-
tual framework that made an interpretation of the (welfare-
relevant) ‘facts’ possible (eg Anonymous 2001a).

Publications on environmental enrichment contained ‘facts’
in the form of scientific statements that were relevant for
assessing EMats for pigs. Publications on enrichment were
grouped into 3 so-called ‘paper classes’: A) Full scientific
papers and dissertations reporting unconfounded studies
providing EMats for intensively-farmed weaned, growing,
or fattening pigs. Class A references were analysed in detail,
extracting all reported and relevant scientific results and
scientific statements; B) Abstracts or proceedings papers
reporting unconfounded effects of EMats for intensively
farmed pigs. Class B references were analysed for reported
results and major statements and C) Other review-type
papers and conceptual papers with high standing in science
(eg Fraser [1987], on the taste of blood), papers on organic
pigs (eg Olsen et al 2000) and relevant reviews (eg
Sambrook & Buchanan-Smith 1997; SVC 1997). Class C
references were analysed for major statements.
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Scientific publications were searched using WebSpirs 5.0 with
the Cab-Abstract databases from January 1972 to December
2004, using keywords such as ‘enrichment’, ‘toys’ and ‘pigs’,
supplemented with searches on the website of the British
Society of Animal Science (BSAS) and an email questionnaire
asking experts for additional publications (Bracke 2006).

Retrieved papers were analysed, starting with the identifica-
tion of (potentially) relevant scientific statements (as mainly
found in the ‘Introduction’ and ‘Discussion’ sections of the
papers), scientific results (as described in the ‘Materials and
methods’, and in the ‘Results’ sections) and new scientific
papers (in the ‘References’ list).

Although paper selection stopped in December 2004,
progressive analysis of retrieved papers resulted in a certain
degree of saturation of information, whereby new state-
ments often appeared repetitious. This implied that the latter
statements appeared to be of limited value in upgrading the
(formulations of the) assessment criteria and (the calcula-
tions of the) weighting factors (WFs).

The total number of potentially-relevant papers was consid-
erable. More than 100 references were registered. Since full
analysis of all references was not feasible, within the
constraints of the project, only 55 references were analysed
in detail. The remaining papers could, perhaps, be used for
analysis at a later date (eg for validation; testing the robust-
ness of the model in the light of this ‘new’ information).

From the 55 analysed references, 7 were later discarded
for formal reasons (paper classification), leaving
48 references generating scientific statements that were
transcribed into RICHPIG.

Class A references generating scientific statements were the
following (where the number between brackets represents
the number of scientific statements incorporated into
RICHPIG’s database): Apple & Craig 1992 (8); Beattic et al
2001 (20); Blackshaw et al 1997 (12); Bolhuis et al 2003
(4); Courboulay et al 2004 (9); Day et al 2002a (22); Day
et al 2002b (8); Feddes & Fraser 1994 (21); Fraser et al
1991 (8); Hill et al 1998 (14); Jorgensen 2003 (7); Krotzl
et al 1993 (15); Lyons et al 1995 (20); McKinnon ef al/ 1989
(11); Pearce & Paterson 1993 (17); Pearce et al 1989 (20);
Petersen et al 1995 (20); Sambraus & Kuchenhoff 1992
(26); Schaefer et al 1990 (9); Stubbe 2000 (107); van de
Weerd et al 2003b (62); van Putten 1980 (18); van Rooijen
1981 (5); Wood-Gush & Beilharz 1983 (13).

Class B references were: Arey & Maw 1995 (4); Beattie
et al 1996 (13); Boe 1992 (4); Buré et al 1983 (16); Day
et al 2001 (28); Gonyou & Bench 2002 (1); Grandin &
Curtis 1984 (2); Grandin et a/ 1987 (1); Heizmann et al
1988 (15); Hoges 1991 (6); Horrell & Ness 1995 (1); Kress
et al 1999 (2); Meyer et al 1984 (1); Moore et al 1994 (1);
van de Weerd et al 2003a (3); van Rooijen 1982 (3);
Zonderland et al 2003a (2); Zonderland et al 2003b (4).

Class C references were: Beattie ef al 1998 (2); Fraser 1987
(26); Olsen et al 2000 (19); Olsen et al 2002 (2); Sambrook
& Buchanan-Smith 1997 (2); SVC 1997 (45).
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Scientific statements

A scientific statement describes a scientific finding, obser-
vation and/or explanation concerning environmental enrich-
ment in pigs. Scientific statements typically specify
relationships between design criteria and (welfare) perform-
ance criteria, eg ‘Straw provided twice daily decreased tail
biting compared to a straw rack, rubber hose or metal chain’
(Zonderland et al 2003a). The statements were transcribed
as much as possible from the formulation used in the source
document, supplemented with context-relevant information
required for ‘stand-alone’ intellegibility. Scientific state-
ments were subsequently analysed for information they
contained on assessment criteria, Wcats and EMats. Pure
opinions from authors, eg about what constituted suitable
EMats, were not analysed.

Two randomly chosen statements may serve as an illustration:
Hill et al (1998) found that growers/finishers manipulated a
rubber hose considerably more than a chain, whereas in
weaners there was no difference. This was presumed to be due
to the relatively large diameter hose (Hill et a/ 1998, p 66);
Beattie et al (1993) showed that growers housed indoors and
given a rooting substrate, such as peat, increased exploration
and decreased inactivity and penmate-directed behaviour such
as ear and tail chewing (Beattie ef al 1998, p 27).

The first example statement (from Hill ef al 1998) was linked
to the assessment criteria ‘biting” and ‘AMI’. With respect to
‘biting” (ie biteability of EMats) it specified that object
dimensions and the size of the pigs were relevant. The
statement also loaded on ‘biting’ through the Wcat ‘prefer-
ence’ with a Wcat level score of 1, while it loaded on ‘AMI’
through ‘preference’ with a score of 2. For both scores the
certainty code was specified as ‘ref, exp’, indicating that the
statement contained a reference and reported an experiment.

The second example statement (from Beattie et al/ 1998)
had the same certainty code but loaded on six different
assessment criteria, namely ‘rooting’,
‘exploration/learning’, ‘activity’, ‘AMI’, ‘tail biting’ and
‘penmate-directed behaviour’. On the first four criteria it
loaded with a Wcat level score of 1 for ‘preference’, while
it loaded on the two latter criteria (‘tail-biting’ and
‘penmate-directed behaviour’) with a score of —1 for the
Woecat ‘frustration/avoidance’.

The Wcat level scores of 1 (for positive welfare contribu-
tions) and —1 (for negative contributions) represent definite,
but minimal loadings (as these scores range from 1 to 3, and
—1 to -3, respectively). The higher score of 2 in the first
example statement derived from the fact that there was not
just a difference in manipulation between chain and hose,
but there was a large difference. This score loaded on ‘AMI”
through ‘preference’, implying that the statement was inter-
preted as supporting the view that pigs prefer more, rather
than less, interaction with an object such as a rubber hose
(provided it was an appropriate size).

In this way, scientific statements provided arguments for

‘adding’ weights to assessment criteria. However, WFs were
not derived by adding all Wcat level scores as this could

result in double counting. Instead, the maximum Wcat level
scores for each Wcat assigned to an assessment criterion were
selected and these were added to generate WFs. This could
mean that a single extreme finding could outweigh a body of
more moderate responses, unless the single finding was clas-
sified as ‘reduced certainty’. The certainty classification was
used to correct the WF loadings following the principle that
uncertain statements (as defined in the next section) resulted
in a downward correction of the scores. In this way, design
criteria were weighted, based on what was known about their
relationship to performance criteria, while performance
criteria were weighted based on what was known about the
intensity, duration and incidence of the underlying emotions
(cf Willeberg 1991; Anonymous 2001a).

In total, 679 different statements were transcribed into
RICHPIG’s database. These were analysed into
3,437 records specifying some relevant property for
assessing enrichment. Out of these, 1,759 records were
relevant for calculating WFs by specifying a relationship
between an assessment criterion, a Wcat and a Wcat level
score. For these 1,759 records, 573 statements were used.
The other 1,678 records and the other 106 statements
were used for other purposes, eg to further specify the
meaning of the assessment criteria (without loading on
their WFs), to specify (classes of) EMats and to specify
background conditions (eg about the approach, the
reference pen and the reference animal).

Out of 311 logically possible combinations of an assessment
criterion and a Wcat (30 x 11) only 130 were actually used
for weighting because they had received a Wcat level score
and a certainty classification. The other logically-possible
combinations generated a score of 0 by default.

‘Preference’ was by far the most frequently used Wecat
(1,020 records), followed by ‘frustration/aversion’
(335 records) and ‘natural behaviour’ (122 records). Least
frequently used were the Wcats ‘survival’ (10 records) and
‘illness’ (13 records). The frequent occurrence of ‘prefer-
ence’ is not surprising as many scientific statements
concerning EMats for pigs indicate a (relative) level of
occupation, ie preference, of the EMat.

The most frequently encountered assessment criteria were
animal-material interactions (‘AMI’, 369 records), ‘rooting’
(n = 142), ‘explore/learn’ (n = 141), ‘tail biting’ (n = 139)
and ‘chewing’ (n = 122). The least frequently encountered
criteria were ‘sound’ (n = 8) and ‘disturbing’ (n = 9).

Even though WFs were not directly derived from the
number of statements or the number of relationships
(records in the database), the Pearson’s correlation coeffi-
cient between the number of relationships and the calcu-
lated WFs was reasonably high (» = 0.83, P < 0.001),
while only one clear outlying value was observed in the
scatterplot, namely for the assessment criterion ‘AMI’,
where the number of relationships overestimated its
calculated WF. This indicates that, in general, but not
always, the more had been published about an assessment
criterion, the more important it turned out to be, using the
model’s algorithm (which will be described more
formally in the following section).
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Calculation rules

For calculating WFs, the maximum Wcat level scores per
Wecat were selected per assessment criterion. From this
maximum Wcat level score, a score between 0 and 1 was
subtracted depending on the level of uncertainty of the
analysed relationship. This procedure was an attempt to build
differences in certainty between different statements into the
WEF calculation procedure. The calculation of the certainty
score (0 for most certain statements and 1 for least certain
statements) was derived from the certainty classification iden-
tifying different types of arguments concerning the reliability
of the scientific statements. This involved information about
the number of citations (which was called the ‘reference
class’), about (the level of) ‘scientific proof” (labelled ‘obser-
vation class’), about the relevance of the subject matter, ie
welfare effects of EMats for intensively-farmed pigs (labelled
‘subject class’), and the quality of the paper in which the
statement was retrieved (labelled ‘paper class’).

For example, the statement “movement and exploration
have been suggested to be behavioural needs” (Fraser 1988)
includes the term ‘needs’, which refers to a strong welfare
claim. At the same time the statement says ‘it has been
suggested that’, indicating that it is still only a hypothesis
(and not ‘scientific proof”). This ‘discounted’ some of the
importance generated by the term ‘need’.

The certainty score was set at 1 as a maximum, because
subtracting 1 point from a Wcat level score of 1 (which was
the most frequently assigned score on the 3-point scale) would
reduce the score to a limit value of 0 (no effect) and would
reduce Wcat level scores of 2 or 3 to 1 and 2, respectively.
This seemed reasonable as it equated a certain Wcat level
score with a highly uncertain Wcat subscore one level up.

The maximum weighting scores corrected for certainty scores
were then ‘added’ into the WF for the assessment criterion.

More formally, the weighting factor (WF,) of the i-th
criterion in the model was calculated as:

WF, = { Z ( Mpcvvc (WcatLech - CerSc))] - [
Wearso NPret

Where WF: weighting factor (scale 0-33); WcatLevSc:
weighting category level score (scale 1-3); CerSc:
certainty score; positive Weats (Wcat > 0) were ‘natural
behaviour’, ‘preferences’ and ‘demand’, while the
negative Wcats (Wcat < 0) were ‘survival’, ‘illness’,
‘pain’, ‘stress’, ‘fitness’, ‘aggression’, ‘abnormal
behaviour’ and ‘frustration/aversion’.

z (P%ZI(WcatLech + CerSc))]

weat<0

Certainty scores (CerSc, scale 0—1) were calculated as follows:
CerSc = ((([RC] + [OC] + [SC] + [PC])/4)-1)/(3.5-1)

Where, RC: ‘Reference class’, in which 1 point was assigned
to ‘many references cited’, 2 points were assigned to ‘more
than one reference’, 3 points were assigned to ‘one
reference’ and 4 points were assigned to ‘any statement
without references’ (which was the default). Note: the
direction of the scale was adjusted to the principle that more
points indicated less certainty. OC: ‘Observation class’, in
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which 1 point was assigned to an ‘experiment’, 2 points to a
‘consensus statement’, 3 points to a ‘casual observation’,
4 points to a ‘hypothesis” and/or to a ‘default statement’ and
5 points were assigned to a ‘statement classified as ‘MB’, ie
a statement decomposition according to the scientific
opinion of the modeller (ie MB). SC: ‘Subject class’, in
which 1 point was assigned to ‘intensively-farmed pigs (and
default)’, 2 points to ‘other category of pig’ or ‘other
reference pen’ or to statements that applied ‘across species’,
and 3 points were assigned to ‘statements that both
concerned other reference pens and another category of pig’.

PC: ‘paper class’, in which class A and class C papers
received 1 point, while class B papers received 2 points.

To calculate the certainty score the sub-class points were
added, divided by 4 (which was the number of sub-classes)
and transformed to a scale from 0 to 1 (which required the
‘3.5’ to be inserted into the formula as this happened to be the
maximum sum of sub-class points in the present dataset).

The certainty scores were subtracted from absolute maxima
of the Wcat level scores per Wcat, and the resulting scores
were added to calculate the WFs, which were subsequently
used to calculate enrichment scores.

This procedure deviates considerably from the conventional
statistical expressions of error and uncertainty. The main
reason for this was that the modelling focused on a
pragmatic attempt to capture a biological reasoning process
and that the information required for making these more
formal calculations is lacking at present.

Formally, the overall enrichment score for an EMat
treatment (ES,,, , on scale 0 to 10) was calculated in the
model as weighted averages, ie as the sum of the assessment
criteria scores (4CS) multiplied by the weighting factor
(WF) of each assessment criterion in the model, divided by
their total sum of WFs:

Sucs,-wr)

ES =2
S,
i=1

Emat

Where ACS, is the assessment criterion score (between
0 and 10) representing the degree to which the enrichment
material (EMat) satisfies assessment criterion i; WF’ is the
weighting factor of the i-th assessment criterion; m is the total
number of assessment criteria in the model ie 30; i< [1, 30].

Some additional ‘validation’ results

Validation of a (semantic) model can take 3 forms: comparison
with expert opinion; empirical validation and (sensitivity)
analysis (Bracke et al 2002a). Validation of enrichment scores
and weighting factors in relation to expert opinion was reported
in two papers (Bracke et al 2007a, b). In these studies, some
overlap between the experts (senior applied ethologists) and
authors of publications used for modelling was unavoidable
but this was not considered unacceptable because expert
opinion was expressed at a group level. In another paper, a
preliminary empirical study was reported (Bracke 2007) where
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support was found for 2 criteria in the model (‘change/destruc-
tibility’ and ‘hygiene’), but less so for a third, less important
criterion (‘sound’). In addition, the absence of significant inter-
actions in this study, as well as in a second study (Bracke &
Spoolder 2008), was interpreted as providing some support for
the assumption that (for the time being) interactions may be
ignored for modelling. The results of a third empirical valida-
tion study, using an existing dataset from a study by van de
Weerd et al (2003b) and the results of (sensitivity) analysis on
robustness of the model, will be reported here.

The procedure of selecting maxima per Weat for the calcu-
lation of weighting factors ensured that only the strongest
statements counted within each subdomain (Wcat). This
procedure was designed to avoid double counting of
arguments that supported the weighting. The ‘double’ and
less strong statements in the database, however, are not
redundant as they provided a kind of robustness to the
RICHPIG model. When the (analysis of the) stronger state-
ments would have to be disqualified (based on some kind of
criticism), these ‘backup’ statements could ‘take over’,
limiting the breakdown of the model.

Out of the total of 130 primary weighting records (which
were used for actual weighting) 18 records were backed up
by at least 1 other record/statement (ie a scientific statement
linked to an assessment criterion, Wcat, Wcat level score
and certainty classification) such that deleting the primary
record would not change the calculated WF. In total,
77 records were backed up by a statement that would result
in a reduced WF when the primary statement would be
deleted (median reduction: 0.2, range: 0.05 to 2.1). The
remaining 35 records were not backed up (resulting in a
median score reduction of 0.5 (range: 0.3 to 1.4).

When all primary records (ie those statements’ decomposi-
tions used for the calculation of WFs in RICHPIG) were
deleted, then (a) the median decrease in WF was 1.2 (range:
0.2 [for ‘palatability’]—4.4 [for ‘explore/learn’]) and (b) the
Pearson’s correlation coefficient of the two sets of WFs (for
all 30 criteria) was 0.96 (which is very high; P < 0.05).

The Pearson’s correlation coefficient between the WFs
with and without correction for (un)certainty of the
underlying scientific statements was also very high,
namely 0.99 (P < 0.05).

A final indication of robustness of the model presented here
is that when all WFs were set at 1, then the correlation coef-
ficient of EMat scores calculated with and ‘without’ WFs was
again very high (namely: » = 0.99, P < 0.05). This indicates
that WFs may be considered to be redundant from a statistical
(but perhaps not from a [bio]logical) point of view.

An empirical validation study involved the dataset from van
de Weerd et al (2003b). These authors supplied 74 different
EMats to 222 groups of 3 weaned pigs and 222 groups of
3 growing pigs. They measured the total interaction time
with the materials (AMI) on day 1 and day 5 using focal
sampling, and used a Multiple Stepwise Regression analysis
(MSR) to determine which of 28 descriptors characterising
the materials (using a 1-0 scale) most affected AMI.

A multiple linear regression analysis on all the characteris-
tics showed that the maximum amount of variation (R°) that
could be explained for day 5 was 35.9% and for day 1 R’
was 35.3%. MSR generated R’ values of 25 and 29% for
days 1 and 5, respectively.

The overall RICHPIG enrichment scores for these EMats
were compared with the AMI values on days 1 and 5 using
a General Linear Model (REML) and cube-root transforma-
tion with Genstat 7 (Anonymous 1993).

The R* of the RICHPIG scores to explain AMI measured on
days 1 and 5 were 26 and 53%, respectively. The higher
value for day 5 compared to day 1 indicates that RICHPIG
is better able at assessing the longer-term enrichment for
which it was designed. The score for day 5 was moderately
high (53%) and slightly higher than the R”’s obtained by
MSR, indicating that both methods are only moderately
suitable to predict AMI. From the modelling perspective,
this may be explained by the fact that RICHPIG was
designed to assess overall enrichment value, in which AMI
was regarded as only one component. In this context, it may
be noteworthy that the R* of the AMI values of days 1 and 5
was 48%, indicating that AMI on day 1 is not a very good
predictor of day 5 either (which is not surprising since EMats
may change considerably over time due to the interaction of
the pigs with the EMats). Finally, it was noted that MSR only
partially resulted in the selection of descriptors that were
also important in RICHPIG (especially ‘ingestible’ and
‘destructible/change’). Most notably, MSR indicated that
being rootable had a negative relationship with AMI (on both
days 1 and 5), whereas in RICHPIG rootability was posi-
tively related to enrichment. This was caused by the fact that
in the study by van de Weerd et a/ (2003b) hanging,
ingestible objects (that were very popular with the pigs, eg
carrots) were not being scored as ‘rootable’. As van de
Weerd et al (2003b) noted in their discussion, the positive
relationship between rootability and enrichment is more in
accordance with the current views of applied ethologists.

Discussion and conclusions

The objective of this paper was to explain RICHPIG’s
structure, including its underlying principles, conceptual
framework, procedures, calculation rules and concepts,
such as assessment criteria, weighting factors (WF) and
weighting categories (Wcat). The paper should make it
possible for critical evaluation to occur as well as helping to
identify scope for further improvement and implementation
in (policy-making) practice.

RICHPIG is a semantic model to calculate enrichment
scores (scale 0 to 10) for enrichment materials (EMats) for
intensively-housed, weaned growing and fattening pigs.
The model contains 30 assessment criteria that were
weighted based on a formal analysis of scientific informa-
tion collected in the database.

The modelling methodology was derived from previous
work (Bracke 2001; Bracke et al 2004a, b) and had several
new features, including an enhanced implementation of
the underlying biological assessment framework and an
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incorporation of a measure of uncertainty in the assess-
ment algorithm. Both innovations were intended to
address frequently received questions from scientists on
semantic modelling. Neither, however, pretends to deliver
definite answers. The present description gives an illustra-
tion of how enrichment materials for pigs can be assessed
formally, based on available scientific information. The
model is not ‘finished’ in that it did not prove feasible to
incorporate the latest publications on enrichment materials
for pigs, nor is the model designed, at present, for
addressing individual- and time-dependent variation in
great detail (ie the model applies more to ‘pigs in
general’). This indicates an important drawback:
modelling takes time, is dependent on the state of the art
in science, and may require periodic updating with new
knowledge (depending on the rate of scientific progress).

The methodology and computer-based environment support
the transparency of the model, allowing criticism of under-
lying principles and concrete choices made during
modelling. An important advantage of this kind of
modelling is that different points of view, eg with respect to
the use of WFs, can be compared quantitatively. In the case
of weightings, this resulted in the perhaps somewhat
surprising result that the model is fairly robust. As with
previous semantic models, RICHPIG is constructed so as to
allow upgrades with new scientific information. This
applies not only to new studies on EMats for pigs, but also
to new ways in which the reasoning process from scientific
‘facts’/findings to welfare conclusions can be represented.

At present the empirical support for the model is moderate
and the congruence with expert opinion is reasonable. This
may be taken to imply that the modelling could, in theory,
be used to search for gaps in knowledge and improved fact
finding (ie finding those facts that divert the most from
current expert opinion). This would appear to be a sensible
way forward for applied ethological science, resulting in
testing predictions rather than merely comparing EMats.

RICHPIG was designed primarily to support the further
implementation of EC Directive 2001/93/EC in the
Netherlands. This directive states that: “Pigs must have
permanent access to a sufficient quantity of material to
enable proper investigation and manipulation activities,
such as straw, hay, wood, sawdust, mushroom compost,
peat or a mixture of such, which does not compromise the
health of the animals”. The modelling work generated
scope for further implementation of this directive as it
generated model scores and expert scores for a long list of
EMats (which were mostly in accordance with the
directive); (Bracke et al 2007a) and it generated a list of
assessment criteria and their weighting factors (see also
Bracke ef al 2007b). The weighting factors can be used to
select (the most important and feasible) assessment
criteria which can be used to further specify the require-
ments for EMats for pigs. This latter approach could give
room for innovations in farming practice because the
model could allow prescribing policy targets in terms of
assessment criteria and/or enrichment scores rather than
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in terms of policy means (such as a listing of EMats
which are prescribed, eg straw, and which are forbidden,
eg chains). Prescribing that EMats must, for example, be
rootable or destructible, or that EMats must generate an
overall score of at least 5 on a scale from 0 to 10, could
give farmers the opportunity to enrich their pens with
farm-specific solutions. It could also motivate them to
design new and (ultimately) better alternatives, when they
know what aspects are important and when they can
anticipate the level of improvements made by such inno-
vations. The benchmark materials assessed in RICHPIG
provide an easy starting point for designing and evalu-
ating new enrichment materials. RICHPIG has been used
to evaluate welfare impact in relation to other values
(such as economics and food safety issues); it has been
used to formulate a policy statement regarding enrich-
ment materials in the Netherlands and it has been used to
design new rooting equipment which is presently being
tested. Further application of semantic modelling in
support of political decision-making, concerns the input
provided by semantic modelling methodology and
previous models (SOWEL and PIGTAIL) in European
Food Safety Authority (EFSA) working groups
addressing risk assessment in general (Bracke ef al, a, b in
press) and for pig welfare (EFSA 2007) in particular.

A major criticism of semantic modelling is that it is believed
to be subjective. This objection is valid in that it is ulti-
mately based on an interpretation of the meaning of scien-
tific information and this implies, for example, that the
quality of the model will depend on the quality of the infor-
mation, the modeller and the user. However, the information
and the procedures used should themselves be ‘objective’,
ie based on valid science and the procedures are designed to
take the modeller’s point of view, as much as possible, out
of the equation. In fact, the model makes it possible to
quantify the degree of similarity. For example, a correlation
0f 0.92 (P < 0.05) was found between the model scores and
the subjective scores given by the modeller (MB) for the
EMats submitted to the experts (Bracke et al 2007a). In
addition, the model contains prescriptions to limit the
impact of the subjectivity of the user, eg that criteria scores
for benchmark EMats must be used and that the integrity of
the whole system must be maintained. This latter require-
ment also applies to the modelling and upgrading activities.
For example, when one statement would be criticised effec-
tively, this would not only lead to a disqualification of that
statement, but it would require a critical re-evaluation of all
other statement decompositions to which the same
argument applies. This is necessary to maintain the internal
consistency and reliability of the model.

Several areas of further work in semantic modelling can be
identified. The model can (always) be upgraded with new
information (following the rules described in this paper for
modelling) and more validation studies can be designed to
test (and upgrade) the model. In addition, the underlying
modelling methodology could be applied to other areas, eg
other species and (integration with) other values such as
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environmental, economic and fair trade concerns (see
Bracke et al 2008). When a balance is maintained between
feasibility on the one hand and validity (and reliability) on
the other, semantic modelling activities can be used to
organise the (scientific) facts into quantified assessments
that can support political and ethical decision-making.
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