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Abstract

The past 30 years has seen an increased willingness for scientists to assess the subjective experiences of

animals. There are good reasons to believe that domesticated animals are sentient beings, capable of having

feelings. The study of feelings is central to the assessment of animal welfare. Feelings are not directly

observable, but have measurable correlates or consequences. They can be assessed either by giving animals

some control over their environments and observing the choices and decisions they make, using preference

and motivation tests (including aversion tests), or by looking for signs of deprivation, frustration or distress

when the animal is confined in an environment or subjected to a treatment without any means of control.

Preference and motivation tests assess motivation, defined operationally as the tendency for an animal to

perform a behaviour, but understood as reflecting the animal’s desire to do so. These tests are used to address

four distinct research questions: (1) whether an animal is motivated to obtain or avoid a resource; (2)

whether it has a preference amongst alternative resources (i.e., whether it is more motivated for one than the

other); (3) how strong its motivation or preference is and (4) whether its preference, or the strength of its

motivation or preference, is altered by changes in its internal or external environment. Methods that have

been used to answer these questions fall into two overlapping categories: choice tests and operant tests. A

wide array of such tests has been employed, each with its own strengths and weaknesses. We describe

individual methods, indicating the research questions they have been designed to address, list their

limitations and discuss methodological problems that are not yet fully resolved. Preference and motivation

tests are techniques that are still under development. However, if carefully interpreted and properly

integrated with other measures of welfare, they constitute a powerful tool for the assessment of welfare.
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1. Introduction

Although the scientific investigation of animal feelings, defined here as affective states, dates

back at least to Darwin, a reluctance to consider subjective experiences developed in the late 19th

and 20th century as a manifestation of positivism. Positivists attempted to create a clear

separation between science and metaphysics by excluding unobservable processes from

scientific inquiry (Rollin, 1990; Fraser, 1999). Positivism influenced psychology, where it led to

behaviourism. It also influenced some of the pioneers of ethology (Burkhardt, 1997). For

example, Tinbergen (1951) wrote:

‘‘Because subjective phenomena cannot be observed objectively in animals it is idle to

either claim or to deny their existence.’’

As a result, both behaviourists and many ethologists took the view that the subjective

experiences of animals have no place in scientific explanation.

The past 30 years has seen a renewed willingness to use scientific methods to understand the

subjective states of animals (Duncan, 1970; Griffin, 1976; Cabanac, 1979; Dawkins, 1980) and

has led to the development of numerous scientific approaches to understanding the emotional

states of animals and assessing their welfare.

The direct observation of an animal’s subjective experiences is not possible. However, there

are good reasons to presume that feelings exist in many non-human species, including

domesticated animals. Similarities across vertebrate species in their neural anatomy and their

behavioural and physiological responses to stimuli that elicit feelings in humans strongly suggest

a widespread capacity for feelings (Dawkins, 1980; Toates, 1987).

Fraser et al. (1997) describe three conceptions of animal welfare that have been proposed or

implied by scientists. These define animal welfare in terms of feelings, functioning of the body

and ability to express natural behaviours, respectively. These different conceptions influence the

criteria for variables used by scientists, and ultimately the overall assessment of an animal’s

welfare. Different animal welfare scientists and philosophers emphasise different concepts, or

combinations of them. Most consider feelings to be an important aspect of welfare (e.g., Fraser

et al., 1997; Broom, 1998) and some regard them as the sole criterion of welfare (e.g., Duncan,

1996). Individuals who emphasise natural behaviour or functioning may believe that feelings are

irrelevant, unmeasurable, or so closely correlated with other welfare measures that their

assessment is redundant. The first is a rather singular claim, at odds with most ethical views, the

second is a positivist stance and the third is demonstrably false (see Fraser et al., 1997).

Whilst it cannot be proven that feelings play a role in the causation of behaviour, even in

humans (Fraser and Duncan, 1998), it is widely suggested or assumed that at least some affective

states do play a role (e.g., Broom, 1998; Fraser and Duncan, 1998) and hence that they have

observable effects (Dawkins, 1993). Even if feelings do not have observable consequences, the

correlation between reported feelings and behavioural responses to stimuli in humans (e.g.,

Cabanac, 1979) suggests that behavioural and physiological responses reflect the strength of

associated feelings.

2. Feelings are linked to motivation and preference

Scientific definitions of motivation tend to be operational: if an animal is motivated to do

something, this means it is likely to. Thus, for example, scientists define motivation as ‘the

process within the brain controlling which behaviours and physiological changes occur and
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when’ (Fraser and Broom, 1990) or ‘a construct used to describe the strength or willingness with

which an animal engages in behaviour’ (Toates, 1986, p. 7). In contrast, in everyday speech we

often equate motivation with feelings. For example, when we are motivated to drink we may

describe ourselves as thirsty, or when motivated to flee we may describe ourselves as afraid.

These approaches are not mutually exclusive and some motivational theorists have combined

them in hedonic models of motivation (e.g., Young, 1959; Herrnstein, 1977; Toates, 1987;

Cabanac, 1992).

Animal welfare scientists also make use of both types of definition. Operational definitions are

useful, because they link motivation to a measurable outcome. However, the objective is to find

out what things animals want and how much they want them. Formally, animal welfare scientists

may take the position that animals generally have subjective experiences of their motivations.

Thus a motivation to feed, defined formally as a tendency to feed, is said to be accompanied by

hunger. Many take the stronger view, either implicitly or explicitly, that feelings are the

motivations that cause most behaviour to occur and when the term ‘motivation’ is used it is often

intended to refer to desires.

Motivations can be positive, for example, the desire to consume a commodity or perform a

behaviour (the term ‘resource’ will be used hereafter to refer to both of these outcomes), or

negative, for example, the desire to avoid a painful or frightening stimulus. Positive and negative

motivations are also known as appetitive and aversive (or defensive) motivations (e.g., Konorski,

1967, p.10; Masterson and Crawford, 1982; Lang et al., 1990). In operational terms, they describe

the tendency to approach or avoid resources and stimuli, respectively. It should be noted that this

classification of motivations does not map in a simple way onto positive and negative feelings

(Berridge, 1996; Fraser and Duncan, 1998). For example, feeding motivation may involve both

negative feelings (hunger) and positive feelings (sensory pleasure).

Motivations can also vary in strength. When animal welfare scientists study motivation, they

are often interested in finding out how strong it is. This is because if an animal is strongly

motivated to do something, but the environment in which it is kept prevents it from doing so, then

its welfare is likely to be poor (Dawkins, 1990).

The term ‘preference’ denotes a difference between the strength of motivation to obtain or

avoid one resource or stimulus and the strength of motivation to obtain or avoid another. It is

distinct from the term ‘choice’ in that it describes characteristics of animals (e.g., this animal

prefers bananas to oranges), whereas choice is an operational term describing instances of

behaviour (e.g., the animal chose to turn right rather than left). Moreover, one can speak of

preferences only in cases where the resources are alternatives. The term ‘alternatives’ has two

possible meanings in this context. The resources could be alternatives from the animal’s point of

view, i.e., different ways to satisfy the same positive motivation (termed ‘substitutes’), or

contributing to a common negative motivation. Arguably, a preference between non-substitutes

has little meaning from an animal’s point of view, for example, a preference for food over litter,

since the animal would prefer food for eating, but litter for resting. Here, the comparison is not

really between resources, but between the strengths of different motivations. Alternatively, the

resources could be alternatives from the animal user’s point of view; for example, where it is

decided that the animal will be given access either to one resource or the other, but not to both. In

this case, alternative resources that satisfy positive motivations need not be substitutes. These two

definitions have different implications for the kinds of resources that are compared in tests of

preference, and for the methods that are used to compare them. When animal welfare scientists

refer to preference tests (e.g., Duncan, 1992; Fraser and Matthews, 1997), the methods that are

usually described (simple choice tests) are suited to the comparison of substitutes rather than
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non-substitutes (see below). Thus, the narrower definition of alternatives, which refers to

substitutes, would bring the term ‘preference’ into line with the usage of ‘preference tests’.

However, the broader definition, that includes non-substitutes, is probably more consistent with

the general use of the term ‘preference’. Preference will therefore be defined here as the

difference between motivations for alternatives, where ‘alternatives’ will be taken to mean either

substitutes or non-substitutes.

3. Assessing feelings

There are two main approaches to assessing feelings. One approach involves giving the animal

some control over its environment and observing the decisions it makes. The other involves

observing the animal’s responses when it is confined in an environment or subjected to a

treatment without any means of control.

In the first approach, feelings associated with obtaining desired resources and avoiding

unpleasant stimuli are investigated using procedures known as preference tests, motivation tests

and aversion tests. These procedures will be the focus of this paper.

Preference tests focus upon choices made between alternative resources or stimuli and simply

rank them, whereas motivation tests quantify the strength of motivations and do not necessarily give

animals choices (Fraser and Matthews, 1997). A key feature of motivation tests is that the animal is

required to pay a cost of some kind (e.g., operant ‘work’ or loss of another resource) to gain access to

or consume the resource of interest (Duncan, 1992; Fraser and Matthews, 1997), but this is not

sufficient to ascertain whether motivation is strong. In order to quantify the cost to the animal (e.g.,

how hard it perceives a given amount of operant responding to be) it is also necessary to use as a

comparator a resource of known value and, when comparing positive motivations, to use a

comparator that is not a substitute for the resource of interest. For example, a comparison between

bedding and social contact cannot reveal whether motivation for bedding is strong if the value of

social contact is unknown, nor can a comparison between foodstuffs of low and high palatability

reveal whether motivation for either of the foodstuffs is strong. Thus, motivation tests should

proceed by comparing the resource of interest with a non-substitute of known value.

A related way to classify preference and motivation tests is in terms of the type of research

question they are designed to answer. There are four distinct questions:

(1) whether an animal is motivated to obtain or avoid a resource;

(2) whether it has a preference amongst alternative resources;

(3) how strong is its motivation or preference;

(4) whether its preference, or the strength of its motivation or preference, is altered by changes in

its internal or external environment.

This classification extends the accepted dichotomy between preference tests and motivation tests.

Methods used to address question (2) often give animals choices and in this case would be defined

as preference tests, while procedures used to address question (3) would be termed motivation

tests. However, the methods used to address questions (1) and (4) are more difficult to fit into this

dichotomy because these methods do not quantify motivational strength and do not necessarily

give animals choices. Cases where question (2) is addressed without giving animals choices (e.g.,

where the alternatives are not substitutes) are also exceptions; here a preference is assessed

without using a ‘preference test’.

Cutting across the operational distinction between preference and motivation tests, a

distinction is also made between tests of aversion and tests of positive motivation. Aversion tests
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investigate negative motivations. They can focus either upon choices between stimuli, or upon

the measurement of motivational strength (Rushen, 1996) and may be regarded as a subset of

preference and motivation tests (Fraser and Matthews, 1997). To assist with classification,

preference and motivation tests that investigate positive motivations will be termed ‘appetence

tests’. Appetence is defined in the Oxford English Dictionary as ‘the action of seeking for or

longing after’. In psychology, the terms ‘appetence’, ‘appetency’ and ‘appetition’ have been used

interchangeably to refer to appetitive motivations and to distinguish them from aversion (e.g.,

Baldwin, 1901; Dussault, 1996; Cacioppo and Berntson, 1999; Gable et al., 2003).

Because feelings are not directly observable, their assessment is always a two-part process.

One part involves measuring a behavioural or physiological response; the other involves

interpreting the response (Kirkden et al., 2003). Thus, preference and motivation tests can also be

classified according to the kind of response that is measured and the way responses are

interpreted.

In terms of the kind of response that is measured, these tests are often classified into choice

tests and operant tests. Choice tests, as the name suggests, give animals choices between different

environments or resources. All preference tests and some motivation tests are choice tests.

Operant tests train animals to perform or refrain from performing responses such as lever

pressing for access to desired outcomes. These include most motivation tests. In practice, there is

a fair amount of overlap between these procedures, since some choice tests incorporate operant

responding. In terms of the four types of research question listed above, questions (1) and (2) are

most often addressed by choice tests, while questions (3) and (4) are most often addressed by

operant tests. Hence, the classifications by kind of response and research objective tend to

converge.

Finally, preference and motivation tests can also be classified in terms of the way the measured

responses are interpreted. The interpretation of appetence tests designed to answer questions (1),

(4) and in many cases (2), as well as the interpretation of aversion tests, tends to be relatively

straightforward, because the resources or stimuli of interest address a single positive motivation,

or are assumed to contribute to a common underlying negative motivational state (Rushen, 1990).

Such tests will be called ‘single-motivation’ appetence tests and aversion tests. The interpretation

of appetence tests designed to answer question (3), and in some cases question (2), can be more

complex, due to the comparison of different motivations, and is presently the subject of some

controversy. These will be termed ‘between-motivations’ appetence tests. The differences

between these tests will be illustrated later.

In the second approach to measuring feelings, the animal is simply put in an environment

containing or lacking certain stimuli and its responses are observed. Feelings associated with

being unable to obtain desired resources are investigated by placing the animal in an environment

that lacks the resource and looking for signs of deprivation or frustration, such as redirected

behaviours, stereotypes and physiological stress responses. Feelings associated with being

unable to avoid unpleasant stimuli are studied by exposing the animal to the stimulus and looking

for signs of fear or distress, such as escape attempts and physiological stress responses.

The two approaches complement one another. Preference and motivation tests have several

strengths compared with measures of deprivation, frustration and distress. First, they are more

sensitive than some measures of deprivation and frustration, since bad feelings do not always

result in major behavioural disturbances such as redirected behaviour and stereotypy. Second, as

Dawkins (1988, 1990) has pointed out, motivation tests are able to quantify the strength of

feelings, whereas it is unclear how much abnormal behaviour or physiological stress must be

shown before feelings can be said to be strong.
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However, appetence tests also have an important weakness that measures of deprivation and

frustration are capable of addressing. When deciding whether to gain access to a resource,

motivation is invariably influenced by cues emanating from the resource or associated with it.

Hence, appetence tests may overestimate the strength of an animal’s feelings compared with an

environment in which the resource is absent and unavailable, where out of sight may be out mind

(Petherick et al., 1990b; Warburton and Mason, 2003). Measures of deprivation and frustration

are an important tool to explore this possibility.

4. Single-motivation appetence tests

4.1. Choice tests

In a single-motivation choice test, an animal may be required to make a series of discrete

choices between alternative environments or resources, often using a T- or Y-maze (e.g.,

Dawkins, 1977, 1983; Petherick et al., 1990a). Alternatively, it may be allowed to divide a fixed

amount of time between the alternatives (e.g., Hughes and Black, 1973; Dawkins, 1977; Nicol,

1986). The resource that the animal chooses more often, consumes in a greater quantity, or spends

more time with, is said to be preferred. Studies of this kind can ascertain whether an animal is

motivated to obtain a resource (Q1), by offering a choice between the resource and no resource.

They can also identify a preference between two different resources (Q2).

However, single-motivation choice tests have a number of limitations. First, motivation and

preference depend on context. Both external and internal variables must be considered. For

example, ambient temperature determines whether pigs prefer straw bedding over bare concrete

for lying (Q4, Fraser, 1985), while female rats prefer access to a male over another female only

when in oestrus (Gilman and Westbrook, 1978). Second, preference depends on experience.

Animals may initially prefer environments they are used to (Dawkins, 1977). Third, care must be

taken when offering discrete choices, since access times may not coincide with times of peak

motivation (Fraser and Matthews, 1997). Fourth, when attempting to identify a preference

amongst resources (Q2), it may be difficult to interpret non-exclusive choices, in which subjects

do not allocate all of their choices or time to a single resource. The resource that is chosen more is

not necessarily preferred. In some cases, preference may fluctuate in response to a changing

external variable, for example, pigs prefer to rest on straw in the morning when it is cold, but not

in the evening when it is warmer (Steiger et al., 1979). In other cases, a non-exclusive choice may

occur because the different resources have different uses or properties. For example, a large cage

might be preferred for exercise while a small cage is preferred for nesting. This is the most

important limitation of single-motivation appetence tests. A preference can only be established

among resources that are unidimensional substitutes, i.e., those that differ along a single

motivational dimension (Nicol, 1997).

4.2. Operant tests

Single-motivation operant tests typically give animals access to only one environment or

resource of interest at a time, the starting location serving as a reference or control environment.

Subjects are required to perform a response for access, such as pressing a lever. If the response is

acquired, this demonstrates that a motivation exists (Q1: e.g., Baldwin and Start, 1981; Dawkins

and Beardsley, 1986; Hutson, 1989). Moreover, the greater the number of responses performed,

the stronger motivation is said to be. Occasionally this method is used to compare different
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resources presented serially, in order to ascertain a preference (Q2). More often it is used to

compare the strength of motivation for a single resource before and after some change in the

environment (Q4: e.g., Lawrence et al., 1989; Arey, 1992).

Single-motivation operant tests have several limitations. As with single-motivation choice tests,

motivation depends on context and experience. There is also concern that an innate predisposition

to associate responses (e.g., pecking) with particular outcomes (e.g., food rewards) may render

operant tasks easier to learn for access to some resources than others (Dawkins and Beardsley,

1986). One further limitation applies when attempting to assess a preference between different

resources (Q2). Measures of the number of rewards earned can be misleading when used to assess

preference between non-substitutes, because different resources are often required in very different

quantities to satisfy their respective motivations. A similar problem applies when comparing

substitutes that are not available concurrently: the alternatives may be required in different

quantities to satisfy a common motivation. If only one resource is available, then a need to satisfy

the motivation, using whatever quantity of the resource is necessary, may obscure the subject’s

preference for how to satisfy it. For this reason, it is preferable to make resources that are substitutes

available concurrently (Sørensen et al., 2001, 2004). An operant test employing concurrent

schedules can be used (e.g., Sørensen et al., 2001, 2004), in which the subject is required to perform

a discrete response for access to each of several alternative resources. However, it is not clear that

this has any merit over a simple, single-motivation choice test.

5. Between-motivations appetence tests

Single-motivation appetence tests must be modified to allow the assessment of preference

between multidimensional substitutes, or non-substitutes (Q2) and to measure the strength of

motivation or preference (Q3). The modifications required to address these two research questions

are similar. First, in order to measure the strength of motivation or preference, it is necessary to

compare resources that satisfy different motivations (i.e., resources that are not substitutes) and the

strength of motivation for the comparator must be known a priori. For example, Dawkins (1983)

compared motivation for access to litter in hens with motivation to feed at various hunger levels.

Second, when comparing resources that are either multidimensional substitutes or non-substitutes,

a simple measure of response magnitude, such as the number of times a resource is chosen, the

amount of time spent with it, or the quantity consumed, is not a valid measure of motivation or

preference. This is because different motivations may satiate at different rates and may require very

different quantities of their respective resources (e.g., drinking versus nest-building; lying in straw

versus foraging in straw). It is necessary to employ a measure that is independent of the magnitude

of resource use. A number of measures have been proposed, most of which can be understood as

estimates of how much an animal is willing to pay for access to a resource.

Between-motivations appetence tests retain all of the limitations that apply to single-

motivation appetence tests, except that their modifications enable them to compare resources that

are not unidimensional substitutes. Moreover, different approaches vary in the types of resources

they are best suited to comparing and in their general validity.

5.1. Operant tests

The most straightforward approach and the least problematic employs an ascending series of

schedules, in which the cost of access to the resource is increased from one experimental session

to the next. Cost may be manipulated by increasing the number of responses required (the fixed
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ratio or FR schedule), or increasing the amount of effort required to make a single response, such

as when pushing through a weighted door. The highest schedule that the subject completes is a

direct measure of how much it is willing to pay for a single visit, known as the reservation price or

the highest price paid (e.g., Manser et al., 1996; Mason et al., 2001; Olsson et al., 2002; Kirkden

and Pajor, in press). It estimates the value that the animal attaches to access to the resource after a

specific period of deprivation (Kirkden et al., 2003), determined by the session duration and the

period between sessions.

A measure that is sometimes confused with the reservation price (e.g., Matthews, 1998) is the

break point. The break point is the highest schedule that the subject completes on a progressive

ratio (PR) schedule, in which FR is increased after every reward during the course of a single

session. This approach may fail to measure motivation independently of resource use, since the

subject may approach satiation during the session.

The reservation price index is a special case of a family of measures known as the consumer

surplus (e.g., Mason et al., 2001). Consumer surplus measures are obtained from a demand curve,

which is a plot of demand (number of rewards earned) against price (FR schedule). They

correspond to areas under the demand curve, with boundaries on the demand axis (see Kirkden

et al., 2003). A particular consumer surplus area estimates how much an animal is willing to pay

for access to a specific quantity of a resource (e.g., to a single measured reward during the course

of a day, or to the first 10 rewards, or to a satiating quantity), or for access to a single reward at a

specific level of prior consumption (e.g., to the 10th reward of the day). The advantage of

working with a demand curve is that is possible to evaluate multiple quantities or prior

consumption levels using a single data set. However, the demand curve approach is not suitable

for all resources. In order to generate a valid demand curve, it is necessary to hold reward size

constant, but doing so may devalue some resources, such as access to a social partner (Mason

et al., 1998). Demand curves also yield approximate measures of willingness to pay, because the

income effects of price changes are ignored (Kirkden et al., 2003). The consumer surplus has

sometimes been measured incorrectly, with boundaries on the price axis instead of the demand

axis (e.g., Sherwin, 2004; Jezierski et al., 2005), and its ability to distinguish between quantities

or prior consumption levels has not yet been exploited.

A more widespread measure, that is also obtained from a demand curve, is the price elasticity

of demand (e.g., Matthews and Ladewig, 1994; Sherwin and Nicol, 1997; Mason et al., 2001),

defined as the slope of a plot of the log of demand against the log of price. The slope of the

untransformed demand curve has also been used (e.g., Cooper and Appleby, 1996; Sherwin and

Nicol, 1996; Warburton and Nicol, 2001), but is less valid, since the bilogarithmic transformation

converts absolute changes into proportional changes, rendering them independent of the units in

which demand and price are measured. The elasticity of demand approach assumes that the slope

of the bilog curve is linear and proposes that the shallower the slope, the stronger the animal’s

motivation for access to the resource. If demand changes little as price increases, the animal is

said to be prepared to work hard to defend some preferred consumption level. Some researchers

have suggested absolute cut-off points for the price elasticity or slope of the demand curve, below

which a resource is said to be highly valued without referring to a comparator, for example, a

price elasticity of less than 1 (e.g., Matthews and Ladewig, 1994; Holm et al., 2002), or a slope

not significantly different from zero (e.g., Cooper and Appleby, 1996; Sherwin and Nicol, 1996).

The elasticity of demand approach has a number of limitations. First, it employs a demand

curve, which means it is not suitable for all resources and is subject to inaccuracies arising from

income effects. Second, the assumption that the bilog curve is linear is frequently violated

(Hogan and Roper, 1978; Hursh et al., 1988; Foster et al., 1997; Sumpter et al., 1999). Variants on
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the price elasticity of demand have been used to interpret non-linear bilog curves, including point

elasticity values obtained at specific prices (Jensen et al., 2004b) and a measure known as Pmax,

defined as the price at which work done reaches a maximum (Patterson-Kane et al., 2002). Third,

this approach seeks to assign a single value to each resource, ignoring the effects of prior

deprivation or consumption and quantity available, which is not realistic. Fourth, it fails to

measure motivation independently of resource use, since the slope of the curve is influenced by

its starting height. Fifth, it is not clear that it measures motivation at all, since the slope of the

bilog demand curve may instead reflect the rate at which satiation occurs (Kirkden et al., 2003).

Sixth, the use of absolute cut-off points is not valid. The price elasticity of demand is influenced

by procedural variables such as reward size (Matthews and Chandler, 1996; Jensen et al.,

2004b,c) and the type of operant task (Sumpter et al., 1999; Hansen et al., 2002) and for a given

resource it can vary widely between studies. For example, the price elasticity of demand for food

has been found to range from 0.02 (pigs pressing a nose-plate for access to 27 g rations of their

normal pelleted diet: Matthews and Ladewig, 1994) to 1.10 (mink pulling a chain for access to

0.5 g rations of their normal meat paste diet: Hansen et al., 2002). Moreover, practically every

resource that has been evaluated in an operant test exhibits a price elasticity of demand below 1.

A survey of the literature found 16 studies (Matthews et al., 1993, 1995, 1998; Matthews and

Ladewig, 1994; Ladewig and Matthews, 1996; Matthews and Chandler, 1996; Sherwin and

Nicol, 1997; Gunnarsson et al., 2000; Hansen et al., 2002; Holm et al., 2002; Ladewig et al.,

2002; Pedersen et al., 2002; Jensen et al., 2004a,b,c; Sherwin, 2004) that had obtained correct

measures of the price elasticity of demand for a total of 50 resources. Of these, only one resource

exhibited a demand elasticity greater than 1. This was the case cited above, of demand for food in

mink (Hansen et al., 2002). In all other cases, demand elasticity was less than 1, even demand for

a 15 s view of an inaccessible empty pen, which had a price elasticity of 0.63 (Matthews and

Ladewig, 1994)! It seems clear that an elasticity value of 1 is not a useful cut-off point.

5.2. Choice tests

Between-motivations choice tests are used less frequently than between-motivations operant

tests. Because they present resources concurrently, they are particularly suitable for the

assessment of preferences (Q2). However, when measuring the strength of a motivation or

preference (Q3), it is often inadvisable to make several resources of interest available

concurrently, since the availability of one resource may influence the value of another.

A straightforward modification to a choice test that may free responding from the magnitude

of resource use is to use widely spaced discrete trials (e.g., Hughes, 1975). This ensures that

during a period in which the subject is motivated for two different resources, only one can be

chosen. The resource that is not chosen is effectively ‘spent’ on the other. Moreover, by

presenting choices between one location containing a fixed quantity of the resource of interest

and another containing a variable quantity of the comparator, it should be possible to measure

how much of the comparator the subject is willing to spend on this quantity of the resource of

interest.

A limitation of this approach is that even with widely spaced trials non-exclusive choices

might occur. One reason could be that the time course of deprivation exceeds the spacing between

trials, so that the animal is able to avoid maximal deprivation for one or both resources by

choosing them alternately.

Another approach has been to impose a variable cost on resource consumption (as opposed to

access) and to use a variant on the price elasticity of demand. Costs include exposing the animal
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to an unpleasant stimulus while interacting with the resource of interest (e.g., Faure and Lagadic,

1994), or inducing a state of deprivation for the comparator (e.g., Dawkins, 1983). The time spent

with the resource (expenditure), or the quantity consumed (demand), is plotted against price to

obtain a demand curve or an analogue of one. Imposing a cost upon consumption rather than

access avoids the need to hold reward size constant, but for the demand curve to be valid it is

necessary to verify that the rate of resource use does not increase with price.

Other methods have also been used to impose a variable cost on access or consumption,

yielding variants on a measure known as the income elasticity of demand, defined as the slope of

a plot of the log of demand against the log of income. For example, session duration (income)

may be reduced (Dawkins, 1983; Warburton and Nicol, 2001), or an operant task may be used to

impose a uniformly increasing cost on access to all resources. The latter method has frequently

been interpreted as an increase in price (e.g., Sherwin, 1996; Sherwin and Nicol, 1996; Cooper

and Mason, 2001; Mason et al., 2001; Warburton and Mason, 2003), but it in fact leaves relative

prices unchanged and constitutes a reduction in income (Lea, 1978, p. 456; Varian, 1996, p. 25).

The income elasticity of demand is interpreted in the same way as the price elasticity of demand

and has the same limitations, except that income effects do not apply (Kirkden et al., 2003). In the

approach where access cost is increased, reward size must be held constant, whereas in cases

where session duration is reduced, it must be verified that the rate of resource use does not vary.

6. Aversion tests

Aversion tests designed to assess whether a preference exists (Q2), or to measure the strength

of a motivation or preference (Q3), do not require the same level of complexity as appetence tests.

This is because the difficulties involved in comparing resources that satisfy different positive

motivations probably do not apply to negative motivations. It is assumed that all negative stimuli

contribute to ‘distress’, a common motivational state underlying the specific states of fear, pain,

anxiety, frustration and boredom (Rushen, 1990). This means that any state can be compared with

any other. Furthermore, since animals do not satiate differentially (or at all) for different negative

states, a simple comparison of response magnitudes is sufficient. Hence, in aversion tests, there is

much less distinction between procedures designed to ascertain whether a preference exists (Q2)

and those designed to measure the strength of preference (Q3).

6.1. Choice tests

Choice tests designed to ascertain whether an animal is motivated to avoid a stimulus (Q1), or

to identify a preference between two different stimuli (Q2), are often very similar to single-

motivation choice tests designed to investigate positive motivations and preferences. The

stimulus that is chosen fewer times (e.g., Rushen, 1986b; Abeyesinghe et al., 2001a; Pajor et al.,

2003), or with which less time is spent (e.g., Raj and Gregory, 1991; Jones et al., 1996; Sherwin,

1999), is said to be more aversive. If enough is known a priori about the aversiveness of the

comparator (e.g., electric shock: Rushen, 1990), then conclusions can also be drawn about the

strength of aversion (Q3).

Alternatively, choice tests can be modified to measure the strength of an aversion relative to

motivation for access to a positive comparator. In this approach, the subject is offered a choice

between one location in which the negative stimulus and positive comparator are both present

and another location in which they are both absent. If the negative stimulus is more aversive than

the comparator is attractive, then the animal will avoid both (e.g., Cooper et al., 1998; Jones et al.,
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1999; Raj and Mason, 1999). Some studies have presented different quantities of the comparator

in the two locations (e.g., Phillips and Morris, 2001), but the principle is the same.

Like single-motivation choice tests used to assess positive motivations and preferences,

choice tests used to measure aversion have several limitations. Their findings are influenced by

context and experience. Also, non-exclusive choices may be difficult to interpret, since they

could be caused by fluctuations in the animal’s internal or external environment.

6.2. Operant tests

Because negative stimuli are not substitutes, in the sense that exposure to one does not

increase satiation for the other, a preference signifies nothing more than a difference in

motivation and there is no need to present alternative stimuli concurrently. Accordingly, operant

tests are used at least as often as choice tests to investigate preferences.

As in single-motivation appetence tests, subjects may be required to perform a response, such

as pressing a lever or traversing a runway, to avoid exposure to a stimulus (e.g., Stephens et al.,

1985; Rutter and Duncan, 1991). If the response is acquired, this demonstrates that the stimulus is

aversive (Q1). Furthermore, if the response magnitude is greater for one stimulus than another,

then the former stimulus is more aversive (Q2).

Alternatively, a passive avoidance procedure may be used, in which the animal is first trained

to perform a response for access to a positive resource, then the stimulus of interest is substituted

for this resource, or paired with it, and the decline in responding is measured (e.g., Petherick

et al., 1992; Rutter and Duncan, 1992; Jones et al., 1998). In a common variant, subjects are

forced to traverse a runway without having been trained to perform the response and their

reluctance to move is measured (e.g., Rushen and Congdon, 1987; Hargreaves and Hutson, 1990;

Pajor et al., 2000).

The same procedures can also yield information about the strength of aversion (Q3), for

example, by pairing the negative stimulus with a positive resource and looking for a substantial or

complete loss of responding (e.g., Randall et al., 1997; Jones et al., 1998; Abeyesinghe et al.,

2001b), or information about the effect of changes in the internal or external environment upon

the strength of aversion (Q4: e.g., Hutson, 1985; Stephens et al., 1985; Hargreaves and Hutson,

1990).

The limitations of operant tests used to assess aversion include the effects that context and

experience have upon motivation. Also, animals may be innately predisposed to respond in

different ways to different stimuli. Thus, where a freezing response is normal, a passive

avoidance task would be readily learned, whereas in cases where an active response is normal, an

active avoidance task might be more appropriate (Rutter and Duncan, 1992). In active avoidance

tests, preferences may sometimes be obscured by a ceiling effect limiting response rate.

7. Future directions: techniques for measuring motivation

The different techniques have distinct limitations that make them suitable for addressing

different research questions and for investigating different resources. For example, a simple,

single-motivation choice test can establish a preference amongst unidimensional substitutes,

whereas an operant, demand curve approach can measure motivational strength for access to any

quantity of a resource whose value is not affected by limiting reward size, and an operant,

reservation price approach can estimate the value of a single visit to any resource at a specific

deprivation level. Having such a wide array of techniques to choose from is useful, provided the
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techniques are valid and are used appropriately. The critical evaluation of methods in preference

and motivation testing is an ongoing process that has run alongside their practical use, but has not

always kept pace. A growing number of theoretical papers (Duncan, 1978, 1992; Dawkins, 1980,

1983, 1988, 1990; van Rooijen, 1982; Rushen, 1986a, 1990, 1996; Houston, 1997; Mason et al.,

1997, 1998; Kirkden et al., 2003; Jensen et al., 2004d) have recently been complemented by

experimental studies aimed primarily at validating methods (Foster et al., 1997; Sumpter et al.,

1999; Hansen et al., 2002; Ladewig et al., 2002; Olsson et al., 2002; Pedersen et al., 2002;

Sørensen et al., 2001, 2004; Sherwin, 2003; Warburton and Mason, 2003; Jensen et al., 2004a,b),

which is an important development. A combination of theoretical and empirical inquiry is

leading to more sophisticated thinking about the limitations and appropriate use of existing

methods, as well as the development of new approaches. The following methodological issues

are currently of interest.

7.1. Interpretation of demand curves

Many studies infer the value of a resource from the price elasticity of demand or the slope of

the demand curve, following Dawkins (1983, 1988, 1990) argument that it measures an animal’s

willingness to defend its consumption of a resource against price rises. A different approach,

based on economic theory (Kirkden et al., 2003), infers the value of a specific quantity of a

resource at a particular level of prior deprivation or consumption from the reservation price or

consumer surplus. It has been argued that the consumer surplus and reservation price have greater

internal validity as measures of motivational strength than the price elasticity of demand

(Houston, 1997; Kirkden et al., 2003), although empirical support for these arguments is still

limited. To date, neither the consumer surplus nor the price elasticity of demand has been

experimentally validated. Experimental evidence bearing on the validity of the price elasticity is

mixed. Some studies have found that the price elasticity of demand for resources declines

(indicating increasing motivational strength) as prior deprivation time increases (e.g., Roper,

1975; Faure and Lagadic, 1994), while others have found that it shows no change (e.g., Meisch

and Thompson, 1973; Jensen et al., 2004b,c). Sørensen et al. (2004) reported that the price

elasticity of demand ranked quinine solution above distilled water in rats, contrary to the

preferences they exhibit in choice tests. The validity of the reservation price has some

experimental support. Olsson et al. (2002) showed that the reservation price for food in hens

increased with prior food deprivation time, while Cooper and Appleby (1996, 1997) found that

hens’ reservation price for access to a nestbox was greater before oviposition than afterward.

7.2. Effect of deprivation level on motivation

It is often assumed that deprivation level does not need to be specified. The price and income

elasticities of demand, the reservation price and even the consumer surplus have been used to

assign single values to resources. This assumption may be linked to the use of closed economies,

in which animals control their own deprivation levels by weighing up motivation against cost.

Deprivation is seen as a dependent, not an independent variable (Logan, 1964). Thus, in the

elasticity of demand approach, a low elasticity is said to indicate that the animal is highly

motivated to avoid deprivation (Dawkins, 1988). However, deprivation is not entirely under the

animal’s control, except with 24 h sessions. Furthermore, deprivation level is different at

different points on the demand curve. Over the range of prices at which demand is maintained at a

relatively high level, the animal is expressing its motivation to avoid mild deprivation, whereas in
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the region where demand is moderate to low, the curve reveals motivation to avoid severe

deprivation. This creates a problem, even for the elasticity of demand approach, when the price

elasticity of demand is not constant, or when only part of the curve is known. Strategies include

manipulating experimental variables in an attempt to obtain demand curves with constant

elasticity (Jensen et al., 2004b,c), specifying a standard point on the curve at which to measure

price elasticity, Pmax (Hursh et al., 1988; Sumpter et al., 1999; Patterson-Kane et al., 2002), or

measuring motivation at specific deprivation or prior consumption levels, using the reservation

price or consumer surplus (Kirkden et al., 2003; Warburton and Mason, 2003; Kirkden and Pajor,

in press). It has been argued that the last approach increases the external validity and versatility of

the results (Kirkden et al., 2003).

7.3. Control of reward size

Restricting reward size can devalue some resources. However, when animals are given control

of reward size, they sometimes take larger rewards when cost is high without paying more,

invalidating the demand curve approach (Mason et al., 1997, 1998). Some researchers routinely

restrict reward size (e.g., Ladewig and Matthews, 1996), while others prefer to give the animal

control (e.g., Sherwin and Nicol, 1995, 1998). Each strategy is effective only for some resources.

One solution is to give the animal control, then to use the demand curve approach if reward size

does not vary with price and the reservation price index if it does (e.g., Cooper and Mason, 2001;

Hovland et al., in press).

7.4. Effect of reward size and response type on demand curves

When reward size is controlled, different reward sizes can produce different demand curves

(Jensen et al., 2004b,c), even for resources such as food (Hursh et al., 1988) where a small reward

size does not interfere with consummation. Likewise, different response types or force

requirements can produce different demand curves (Hursh et al., 1988; Sumpter et al., 1999;

Hansen et al., 2002). These factors appear to be confounds, but there is evidence that animals

respond to them in a rational way and that a unit price analysis, in which reward size and response

effort are incorporated into measures of demand and price, can unify demand curves (Hursh et al.,

1988; DeGrandpre et al., 1993; Sumpter et al., 1999; Madden et al., 2000).

7.5. Out of sight, out of mind

Warburton and Mason (2003) have shown that motivation for access to some resources is

increased when animals are exposed to resource cues while responding. They argued that

exposure to resource cues is appropriate if the study is designed to measure the pleasure gained

from making a resource available, but not if it is attempting to estimate the level of need for

access to a resource when it is unavailable.

In practice, it may not be possible to eliminate all cues from some resources, whereas

conditioned stimuli are always unavoidable. Thus, motivation tests will tend to overestimate the

need for resources and may perhaps, if out of sight is out of mind, even indicate that a motivation

exists where none does. Methods to address this problem include minimising exposure to

resource cues (Warburton and Mason, 2003), ascertaining whether motivation is influenced by

deprivation level (Widowski and Duncan, 2000), and looking for signs of deprivation or

frustration when the resource is unavailable (e.g., Mason et al., 2001).
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7.6. Response-reinforcer compatibility

It has been argued that animals may find it more difficult to associate certain operant responses

with access to some resources than others, thus biasing measures of motivation and preference

(Dawkins and Beardsley, 1986). Some operant tasks, such as key pecking in birds, could be

problematic because they incorporate elements of feeding or drinking behaviour (Moore, 1973).

However, the extent to which these responses are a problem when used in appetence tests is

unknown and some researchers use tasks of this kind (e.g., Savory and Duncan, 1982; Faure,

1986; Gunnarsson et al., 2000). In contrast, others prefer to use responses that do not resemble a

particular appetitive behaviour, such as pushing through a weighted door, or squeezing through a

narrow gap (e.g., Petherick and Rutter, 1990; Sherwin and Nicol, 1995). In aversion testing, there

is evidence that animals find it easier to learn passive avoidance responses than active responses

to avoid frightening stimuli that would normally cause freezing (Rutter and Duncan, 1991, 1992).

It has been suggested that active responses might be more readily learned for avoidance of

frustrating stimuli (Rutter and Duncan, 1992).

7.7. Testing animals in groups

It has been found that social isolation can influence measures of motivation (Pedersen et al.,

2002; Sherwin, 2003). Motivation tests have generally tested animals in isolation, due to the

practical difficulties of distinguishing responses made by different subjects and ensuring that the

correct subjects are rewarded. However, several recent studies have succeeded in testing

individuals in a group context (Sherwin, 2003, 2004).

8. Conclusions

Techniques for the assessment of motivation are still under development. Standard approaches

have been worked out for the assessment of simple preferences between substitutes (e.g., Blom

et al., 1995) and some aversion testing procedures are well established (e.g., Pajor et al., 2000,

2003), but much work still needs to be done on the refinement and validation of methods for the

measurement of motivational strength. Nevertheless, with the increasing number of studies that

are focusing on methodology, there is reason to expect significant developments and perhaps

some movement towards a consensus.

The use of motivation and preference tests to investigate feelings is a very important technique

for the assessment of animal welfare. It has both strengths and weaknesses compared with other

approaches and should be used in conjunction with these methods to provide information that

they cannot. The relative merits of motivation and preference tests versus measures of

deprivation or frustration have already been discussed. It is also important to complement

motivation and preference tests with an assessment of the health consequences of allowing

animals to obtain or avoid things, since there are some situations in which an animal’s

preferences and priorities are not good for it in the long-term (van Rooijen, 1982; Duncan, 1992).

Provided that preference and motivation tests are carefully interpreted, they have many

strengths compared with other approaches. First, they allow animals to express their own

priorities, giving us the most direct insight into what is important to them (Dawkins, 1988, 1990).

Second, preference and motivation tests are highly sensitive to differences between treatments

(Rushen, 1996). Third, some tests are easy to interpret (Rushen, 1996). Fourth, single-motivation

appetence tests and aversion tests are quick to carry out, although between-motivations
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appetence tests can be very time-consuming. Fifth, methods designed to measure the strength of

motivation are able to ascertain whether a deprivation or aversive stimulus is severe enough to

cause suffering (Dawkins, 1988, 1990) and to map out the effects of varying levels of resource

provision upon welfare (Kirkden et al., 2003). Sixth, aversion tests are capable of comparing

widely different treatments (Rushen, 1996), although there may be difficulty in assessing

treatments that affect memory (Rushen, 1990) or motor performance, such as stunning

techniques. Seventh, measures of preference and motivation reflect how an animal feels about an

environment as a whole and can estimate the net value of an environment that contains both

positive and negative stimuli, such as a group pen that offers space and social contact but also

competition for resources (Kirkden and Pajor, in press). Alternatively, if the stimuli in the

environment are carefully controlled, preference and motivation tests can be used to evaluate

individual features of the environment (Fraser and Matthews, 1997).
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