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ABSTRACT 

An important objective of animal welfare science is the development of indicators 
of putative subjective emotional (affective) states. To this end, Paul et al (2005) 
have proposed devising animal-based measures sensitive to changes in certain 
cognitive processes found to be biased in characteristic ways across affective state 
in humans. This thesis investigates the application of this approach. 

The first three experimental chapters examine judgements of ambiguous stimuli in 
rodents. In the first two of these studies, it was hypothesised that a treatment 
designed to induce a positive, or negative, change in affect would be associated 
with a higher, or lower, probability (respectively) of responding to ambiguous 
stimuli in a manner in keeping with a bias towards optimism; such biases, across 
affect, have been found in humans. These hypotheses were not supported, at 
least not in simple terms, with the results revealing counter-intuitive treatment 
effects, and variation in response accuracy and efficiency. In the last of these 
three experimental chapters, we applied a treatment designed to induce a change 
in food motivation. This altered rats' operant responses in a manner suggesting 
their behaviour was a least partly goal-directed, and also suggesting that the 
possibility of motivation-related confounds, when studying responses to ambiguity, 
was real. 

The final experimental chapter investigated affect-related biases in the foraging 
behaviour of domestic chicks. We hypothesised that chicks undergoing a 
treatment designed to induce a negative change in affect would attack fewer red 
crumbs (a colour commonly associated with aposematism), and more green 
crumbs, than a control group. We found the opposite: i. e. the former treatment 
group attacked significantly more red crumbs. This curious finding was reconciled 
with reference to the functional architecture of the attentional processes implicated 
in foraging behaviour. 

In the final chapter, the implications of these, and related, findings are discussed. 
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A NOTE FOR THE READER 

Please note, that in keeping with recent trends in scientific prose, portions of this 

thesis are written in the first person. Furthermore, since I wrote this document with 

a view to adapting parts of it for co-authored publication, I often use the plural 

pronoun, ̀ we'. 

In addition, I hope you are not too daunted by the length of this document. The 

appendix takes up a considerable portion of it, and this requires only cursory 

glances, at most. Furthermore, I have employed a number of footnotes; these are, 

of course, optional reading: asides, or minor clarifications, which are not central to 

the understanding of the main text, but which will hopefully be of interest to some. 
Finally, a few of the Results sections are rather in-depth; whilst that's not a bad 

thing, where they risk becoming too dense, however, I have placed summaries at 
the end of subsections, and have otherwise endeavoured to explain the techniques 
I have used as clearly as possible. 
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CHAPTER 1 General Introduction 

CHAPTER 1 

GENERAL INTRODUCTION 

PROLOGUE 

You might think I'm writing this consciously: i. e. that I'm subjectively aware of my 

surroundings, the screen, the flow of words as I edit them in my'mind's eye' before 

putting them on the page, but actually I'm not - I'm not consciously aware of any of 

those things, nor the fact that there's a dog barking in the distance, nor that my feet 

are a bit cold. In fact, I'm not conscious of anything: never have been, never will 
be. You can find out for yourselves: whilst I'd appreciate it if you didn't open my 
brain up, I'll happily let you see the results of a whole range of scans and tests I've 

recently undergone. To be honest, they all show the same thing: everything you 

need to know about how I work (how I type, think, react, speak, play, moan, smile, 

etc. ) is right there (or here), in my body: i. e. it's all in the bag of molecules and 

matter which make up me. It's very clever, the way my body does it, and whilst 

scientists are still sketchy on some of the details, if you just open up a textbook on 

physiology or anatomy, maybe one on neuronal functioning, cognitive science, 

endocrinology, perhaps even a couple on basic physics, you'll find all the answers 

you need there; OK, maybe not all of them, but they'll at least give you a 

reasonable idea about what those sketchy details might turn out to be. 

In fact, I used to think I was conscious, but then a scientist pointed out that I 

wasn't: she used a clockwork toy to show me - she opened it up, pointed at the 

wind-up mechanism, noted how it connected to the monkey's arms and legs, how it 

made them move, and the cymbals beat, how it transformed stored energy, how 
the cogs told the arms to move at a particular rate, how the gears co-ordinated all 
the actions, how a bit of oil helped it along from time-to-time, and how the whole 
thing stopped of its own accord; her explanation was certainly comprehensive - 
after she'd talked me through it, I was satisfied I knew how the toy worked. 

Then she showed me the results of those scans and tests, and also those 
textbooks I was talking about: she explained how I sensed what was going on 
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around me, how that information was streamed, processed, integrated; how my 
body gained energy, then burnt it up; how and where my body made decisions; 
how I learnt, remembered, and forgot things; how I moved, acted, spoke; how I 

grew, adapted, degenerated; and also how some of these processes changed 
when the state of my system changed: e. g. when I was hungry (i. e. energy- 
depleted), in pain (maybe neurons were delivering messages from a toe I stubbed 
earlier), 'anxious' (perhaps I'd just seen a bear, or remembered the deadline for 
thesis submission), and so on, key aspects of my body changed in an adaptive 
way (I told you it was clever! ) 

As with the clockwork toy, her explanation of how / worked seemed pretty 

comprehensive, but of course she'd left out the 'conscious' bit: the part of me that 

was 'subjectively aware', the experiential 'I' that conducted all those mechanical 
instruments. Not so, she said: recall we found no such 'conscious' or 'subjective' 

element in the clockwork toy, nor did we need to cite it when explaining how it 

worked: we were quite happy and satisfied that what we saw was all there was to 
know about the toy, so why should the rules be changed for humans? Clearly, she 
didn't think I was conscious at all! I objected, of course, protesting that I really was 
'aware', and my consciousness definitely did something - surely it would be there if 

we looked hard enough... but then she told me exactly how I was protesting (she 

got the books and charts out again... ), and that if she had enough time and money, 
she could get the clockwork toy (or a sophisticated version of it) to protest that it 

was in fact conscious too: yet when we opened it up again, we'd still find just the 

mechanisms, nothing else, and we'd know exactly how they (and she) had done it. 

And actually, when she put it like that, there didn't seem to be any room for 'me' at 
all: no role for the conscious, 'subjective' bit I used to think did all those things! It's 
a bit disconcerting at first, but when you look at the machine closely, the ghost just 

seems to disappear. So, anyway, that's how I became non-conscious. Just like a 
tree, a table, a rock, and that barking dog. 
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THE PROBLEM 

Whilst these opening lines contain a conceit or two, they nevertheless illustrate 

some issues peculiar to the study of the mind, consciousness', subjective 

awareness, and emotion. Science is an objective endeavour; putting aside the 

problematic caveat that it is conducted by people who inevitably engage with 

science through the prism of their (apparently! ) subjective experiences, it's 

nevertheless concerned with establishing common consent about what is going on 

in the (apparently! ) objective world: what can be observed, repeated, measured, 

proven (as much as that is possible), and so on. When we study biological 

systems closely: be it our own, or that of other animals, we can, to our satisfaction 
(or at least we can anticipate how we might find satisfactory answers in the future) 

account for how those biological systems operate in physical terms (e. g. Chalmers, 

1995): for example, how they grow, learn, communicate, evolve, and do all those 

other things we listed above. If we weren't human ourselves, we might be wholly 

satisfied with those answers, but in fact we know (or at least think we do) that this 

objective account appears to be missing something out, and furthermore, what it's 

missing out is, for many people, the most important thing. We encounter the 'mind- 

body problem', an 'explanatory gap', or the 'hard problem' (e. g. Blackmore, 2003; 

Chalmers, 1995; Levine, 1983): i. e. the feelings and subjective awareness each of 
us has about the world around us, and of our own thoughts, motivations and 

emotions, appears to be the most real thing, yet such experiences seem to be 

qualitatively different from the physical world: i. e. they seem to be different in kind 

from the only world which scientific proof and measurement pertains to. In fact, we 

know we're in trouble as soon as we try and explain what it's like to have those 

experiences: we typically talk in circles, trying to point to such phenomena using 
the inadequate tools of our spoken language (e. g. Block, 1995), and settling for 

'Conscious(ness)', In this sense we'll be using the term In this Introduction, refers to subjective experience, i. e. that there Is 
'something it is like' to be conscious (after Nagel, 1974). Of course, the word can be used In slightly different contexts (e. g. 
Blackmore, 2003), for example referring to a state of 'wakefulness' (e. g. as In the anaesthetic slowly wore off, and the dog 
regained consciousness"), or 'knowingness' (e. g. as in "I was conscious of the danger I was in, so kept my distance from the 
dog, and stood near the door! "). There's nothing obviously peculiar and special about these latter contexts: we could 
perhaps refer to a computer being conscious (as in 'awake'), after we've turned It on and booted it up, and for It to be 
conscious (as in 'having knowledge') of an attached printer's status (e. g. that It is out of paper); we're making a very different 
Inference if we were to suggest it was conscious in a 'subjective experience' sense, though - i. e. that there Is 'something it is 
like' to be the computer (note, I'm not taking a position on this: there might be! ) 
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(perhaps honest, but unhelpful) terms such as 'ineffable' (e. g. Blackmore, 2003). 

Good science prides itself on defining, unambiguously, and in fine detail, the 

subject(s) of its enquiry, none more so than the psychological and behavioural 

sciences; clearly, if we stumble so badly on that first block, we're off to a peculiarly 
bad start. 

Animal welfare scientists & their problems 

For much of science, this doesn't matter a great deal (although, of course, such 

experiences matter personally to the scientists): one can ask questions - and find 

good answers to them - in academic fields as diverse as biochemistry, cognitive 

science, computing, physiology, and so on, without encountering such 'explanatory 

gaps'. or 'hard problems'. In animal welfare science, however, the 'problem' 

matters a great deal; in fact 'animal welfare science', as a discipline would likely 

not exist at all if subjective experience didn't 'matter' (e. g. Dawkins, 1990; Mendl & 

Paul, 2004). 

To put it in relatively crude terms, whilst we wouldn't think twice about taking an 

axe and chopping off the legs of an old wooden table to make a bonfire, all else 
being equal, most of us certainly would think twice before doing the same to a live 

(non-human) animal, or indeed to each other. So, what's the difference? Well, I 

personally know that if I were undergoing the 'firewood' treatment (i. e. being 

chopped up! ), I'd find the experience horrible: I'd feel intense pain and despair, and 
indeed there are few things worse I could anticipate happening! Whilst, as our 

example above implied, arguably I cannot know for sure whether you (or any other 
human) is actually conscious (insofar as I may not be able to prove it), I (perhaps 

implicitly) note aspects of your anatomy and, behaviour (maybe cross-referencing 
them with my own) which suggest that you, like me, are indeed similarly conscious, 

and would similarly suffer; as such, I would decline giving you the 'firewood' 

treatment. 2 By seeing what other objects satisfy my 'it seems conscious' checklist, 

2Of course, knowing an object is capable of suffering might give some people all the more reason to consign it to the bonfire: 
perhaps If one wanted to punish it for political transgressions, for example (it's no accident that Guy Fawkes, rather than a 
wooden table, Is the focus of activities on the 5'" November! ) 
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I might well extend this net of compassion to many (maybe all) non-human 

animals, but not to the table, nor to the clockwork toy (although of course others, 

albeit a minority, might). However, how widely that net is cast is clearly based on a 

hunch on my part, perhaps combined with an appreciation of the ethical costs of 

being wrong3, and with a variety of other factors that inform that hunch (e. g. 

cultural milieu, etc. ) Others, famously, would disagree with my judgement: 

Descartes, for example, argued all non-humans were non-conscious automata 

(e. g. Descartes, 1968), different in form from the clockwork toy (with different 

behaviours, anatomy, etc. ), but equal in every other sense: i. e. the same in kind, 

without any subjective element. 

So, as this suggests, people are concerned about the 'welfare' of non-human 

animals in a manner which differs from their concern about non-living objects, 

because they (or at least some of them) think that animals may be conscious, as 

we ourselves are (although the content and structure of this 'consciousness' may, 

of course, differ between species), and capable of experiencing negative emotional 

states, such as fear, anxiety, depression (or something akin to them), as well as 

more positive ones, such as pleasure, contentment, elation, and so on. However, 

since people differ in their hunches, and how far they would cast this net of 

compassion themselves, it would be very useful if animal welfare scientists could 

tell us for sure which animals were, in fact, conscious, so we could all agree, and 

adjust our ethical debate, and husbandry procedures, accordingly. 

As our opening example implies, though, as soon as we ask such questions, an 

_ 
`explanatory gap' appears before us. As Velmans (2000) notes, "viewed from a 

first-person perspective, consciousness appears to be necessary for most forms of 

complex or novel processing. But viewed from a third-person perspective, 

consciousness does not appear to be necessary for any form of processing" 
(quoted in Blackmore, 2003). It doesn't (necessarily) follow that being able to 

3 For instance, if I had to put a bet on it (and knew nothing 'bad' would happen to sparrows as a consequence), I might say 
that a sparrow, for example, is not 'conscious': i. e. there is 'nothing it is like' to be a sparrow (after Nagel, 1974); however, If 
the direction of my bet condemned thousands of sparrows to the bonfire, the ethical implications of being wrong might 
expand the significance, for me, of the low probability I estimated of 'sparrow consciousness', a probablity which would 
otherwise have informed my bet. 
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smile, wake up, talk, remember things (including specific events; e. g. Clayton et al., 

2007), decide, know things (even knowing what you don't know; e. g. Smith & 

Washburn, 2005), run away, learn, and so on, means that one has subjective 

experience; it's not obvious why all these things could not occur "in the dark" 

(Chalmers, 1995) (as perhaps they might do for a sophisticated clockwork toy). 

Similarly, it does not necessarily follow that having a particular brain part, which 

studies of lesion patients (for example) might suggest to us is important for certain 

aspects of subjective experience, means an animal (human or non-human) is 

necessarily subjectively-aware. 4 

Towards a pragmatic solution 

The 'problem', as we've described it, may be insurmountable for animal welfare 

science: we might never know, for sure, whether another animal is conscious or 

not. However, perhaps this shouldn't concern us too much, since, as we've noted, 

we may never know for sure whether another human is conscious or not - we can 

only ask them about . 
the experiences and feelings they are having, and cross- 

reference this with our own subjective states, and accept that circumstantial 

evidence as proof that they are conscious, as we know ourselves to be. So maybe 

we can build up a convincing dossier of circumstantial evidence that a non-human 

animal is conscious. That evidence will be rather harder to come by, though, as 

non-human animals do not have the capacity of verbal, report, which is probably the 

most informative reflection of subjective experience we can get (e. g. Paul et at., 
2005). 

So, how might we go about building that dossier for non-human animals? Well, as 

our above discussion suggests, we might -look for functional, or. anatomical, 

correlates, whilst keeping in mind that if we find neural structures (for example) in 

animals which are (anatomically, or functionally) similar to those which seem very 

closely involved in conscious experience in humans, or perhaps find that animals 

4 These arguments (and one's position with respect to them) relate to 'philosophical zombies': i. e. the 'thought experiment 
that a 'person' might exist that was able to do all the things you and I do, behave in exactly the same way (and is perhaps 
even constructed Identically, in certain versions of the argument), but had absolutely no subjective experience (e. g. Moody, 

, 1994). "' ,' 
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(or maybe only some species) can do a certain thing that we ourselves can only do 

consciously (perhaps we might even cross-reference such functional correlates 

with neural correlates; e. g. Cowey & Stoerig, 1995), it doesn't necessarily follow 

that a particular anatomical structure, or a particular function, could not exist, or 

occur, without any associated subjective experience at all (as it is equally not 

obvious with regard to our own neural structures, and functioning); that may seem 

a pessimistic caveat, but the strength (or otherwise) of such circumstantial 

evidence may mean the final dossier is very convincing. 

So, the state of that dossier, which is being constantly built, and revised (e. g. Butler 

& Cotterill, 2006; Edelman et al., 2005; Seth et al., 2005; Weiskrantz, 2001), has 

important implications for animal welfare scientists. Clearly, though, we can't just 

wait until that dossier delivers a convincing verdict either way before we start 

concerning ourselves with the welfare of animals, particularly those under our care; 

rather, we give them the 'benefit of the doubt' (as we do, arguably, with each 

other), and take the following position: if we assume animal 'A' is 'conscious', what 

can we do which is likely to have a positive impact on that animal's subjective 

experiences, and what are the best objective measures we can use which can tell 

us, by (objective) proxy, what animal 'A' is likely to be feeling? These two 

objectives are closely related, since it's often far from obvious what's 'good' for an 

animal, in terms of its welfare, and it's very useful to have good 'proxy' measures 
so that we can cross-reference these with our interventions. 

Objective (proxy) measures of subjective states 

As such, a range of such proxy measures have been developed over the past few 

years, and their design partly reflects the observation that in humans, at least, 

subjective emotional experiences co-vary in characteristic ways with other aspects 
of our physical functioning. So, typically, when we ourselves feel anxious (e. g. 
perhaps we're in the dentist's waiting room, following a period of dental neglect), 
certain physiological processes might change (e. g. our heart rate may increase, we 
may sweat more, certain hormones might be released in greater quantities, etc. ), 

and also aspects of our behaviour might change (e. g. we might seek reassuring 
shelter behind a magazine in the furthest corner of the waiting room, we might 
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jump when the receptionist calls our name, we might be very slow to approach the 

dentist's chair, and so on). Proxy measures of animal emotional states measure 

objective changes which are somewhat analogous to such human-based indices, 

albeit developed and interpreted with each particular species' biology in mind. So, 

there are proxy measures based on physiological change (such as hormonal 

levels, heart rate, volume of visible eye white, etc. ) (e. g. Krohn et at., 2003; 

Menargues et al., 2008; Sandem et al., 2006), and proxy measures based on 
behavioural change (approach/withdrawal behaviour, response to novel objects, 

startle responses, vocalisations, play behaviour, thigmotaxis, and so on) (for 

reviews see, for example, Ohl, 2003; Paul et al., 2005). 

Some limitations of existing proxy measures 

Many of these existing proxy measures provide a lot of very valuable information 

about the state of an animal, but some have important limitations. For example, - 
certain proxy measures may be sensitive to the 'intensity' of an emotional state 
('arousal': e. g. feeling 'activated', 'excited', etc., vs. 'relaxed', 'calm', and so on), 

rather than its 'direction' ('valence'; i. e. whether it's negative or positive). Others 

measure certain physiological changes in animals which, in humans at least, 

appear not to, be consistently correlated with subjective experience. Sometimes 

taking the measure itself can change an animal's emotional state, for example if we 
have to restrain an animal, and/or inject it: in such instances, we may be getting a 

measure of the animal's response to the measure itself. More generally, there's 

been greater focus on the development of measures of negative emotional states 
(e. g. anxiety, fear, depression, etc. ), rather than more positive states, even though 

good -welfare might involve both the - attenuation of - the former, and the 

enhancement of the latter. In addition, certain measures might be sensitive to 

relatively acute changes in emotional state, rather than longer-standing, chronic 
'moods' or 'affective traits'. Finally, some behavioural measures,. in particular, 

suffer from a lack of clarity regarding a priori predictions: i. e. before we conduct a 
test, we can't unambiguously predict which behavioural result would correspond to 

an assumed (subjective) emotional experience of given valence and intensity (e. g. 
Burman et al., 2008b; Mason & Mendl, 1993; Paul et al., 2005). 
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A `cognitive', or `information-processing' approach to non-human animal 

emotion 

In an attempt to address some of these limitations, Paul, Mendl and their 

colleagues, have recently advocated paying closer attention to the substantial 
(human) psychological literature relating to subjective emotional experience and 

certain cognitive processes, and to develop and refine proxy measures in light of 
this (Paul et al., 2005). Some of this literature pertains to the characteristic biases 

which occur, across emotional state, in the way we process information. In our 
anecdotal illustration above, in which we felt anxious in the dentist's surgery, we 

might, for example, have a greater tendency to recall negative memories (e. g. we 

might remember the last time we made an unpleasant visit to the surgery), our 

attentional processes might select particular threat-related stimuli on which to focus 

(e. g. our attention may be more greatly drawn to the drill by the side of the dentist's 

chair), and the interpretations we make of ambiguous stimuli in our environment 

might be biased (e. g. we might have a greater tendency to interpret the dentist's 

laugh following the assurance 'this won't hurt' as sadistic pleasure signifying the 

very opposite); if such biases characteristically correlate with how we feel, then 
there is the potential to develop objective measures of emotional state which are 
faithful correlates of subjective experience. 

COGNITION & EMOTION 

Definitions of cognition, and how to measure it 

So, what is cognition? As Barnard (2004) notes, some conceive of it as 
"sophisticated information-processing" which a mind, or cleverly-designed 
computer might do, and might not be consciously-experienced, whereas others, 
perhaps especially those from an ethological tradition, view it as almost 
synonymous with consciousness (see, for example, Dawkins, 2001 for a 
discussion). The former conception is dominant in psychology, and is reflected in 
Sara Shettleworth's book Cognition, Evolution and Behavior (1998), in which she 
defines cognition as referring to "the mechanisms by which animals acquire, 
process, store, and act on information from the environment... [including] 
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perception, learning, memory and decision making" (as quoted in Paul et al., 
2005). We favour the latter conception of the word, which does not imply any 

subjective experience when we talk of 'cognition' (indeed much of human cognitive 

psychology concerns the study of processes which are not conscious). 

How might we measure such 'cognitive' processes? Neuroimaging techniques, at 

least in humans, are beginning to allow researchers to directly measure the 

physical changes associated with such processes (e. g. Cabeza & Kingstone, 

2006); this is perhaps somewhat akin to opening up a computer, and using devices 

which allow us to see in which direction, and in which pattern, electrons flow 

around its circuitry, whilst relating this to the computer's functioning. Such 

techniques are confined to very specialist situations, and so for practical, everyday 

purposes, inferring the architecture of cognitive processes in animals (both human 

and non-human) generally involves the observation of behavioural output. By 

designing appropriate experiments, and analysing behavioural output carefully, we 

can infer the nature of the mediating cognitive processes. Similarly, in the absence 

of a user's manual, we might try to work out how a given software programme 

processes data by performing designed 'experiments', and observing changes in 

the computer's output. 5 

Some features of emotions and related phenomena 

So, now we've talked a little about cognition, let's also discuss emotions, and 

related processes, in some more detail. Emotions are evolved phenomena which 

are adaptive features of the functioning of an organism (e. g. Ekman, 1999). That's 

not to say that they always operate in a manner likely to enhance an individual's 

fitness, as certain emotional disorders pay testimony to (e. g. Nettle, 2004). They 

are elicited by stimuli in the external, and internal environment, and they involve, or 

are manifested in, changes in a range of biological processes which enable the 

organism to adaptively respond to the eliciting stimuli, and the change in 

circumstances they herald (e. g. Rolls, 2005). ' Those biological, processes (or 

° e. g. if we were unsure whether a computer was checking spelling with reference to an American, or British English 
dictionary, or weren't sure what base it used when calculating logs, we could find out by 'experimentation'. 
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`components' or 'aspects' of an emotional response) include subjective experience, 

physiology, cognition, and behaviour (see Paul et al., 2005, for a discussion of a 

'multicomponential' view of emotions). It's important to note that people may differ 

in which of these components they characterise as being the emotional `bit': some 

may think it's solely a subjective state (this perhaps best characterises the 

everyday, 'folk psychology' sense of the word), or solely a particular physiological 

profile, and so on (e. g. Paul & Mendl, in prep. ). Such debates are, at least in part, 

a matter of semantics, and somewhat reflect the academic backgrounds of those 

involved in such discussions. More practically, whether we were to define emotion 

as solely subjective, or as involving all (or some) of these other components, the 

changes animals (human and non-human) undergo when in a particular emotional 

state will still be the same. For our purposes, it is simply important, and useful, to 

note that a change in a range of processes occurs across emotional state, and 

some of these might be more (e. g. physiology, behaviour, cognition) or less 

(subjective experience) amenable to direct scientific enquiry. Since we are privy to 

our own private experiences, we know that one such component in humans 

concerns subjective experience; we're less sure whether the same might be true of 

non-humans, but we can objectively measure the other components and make an 
informed judgement as to how well these correlate with any conscious experiences 
that animal might be having. 

Bringing emotion back into cognitive science 

As our earlier analogy implied, the cognitive approach to the understanding of mind 
and behaviour owes much to its use of the computer as a metaphor. The 
'cognitive revolution', which took place in the 1950's and 60's, superseded the 

previously dominant doctrine of behaviourism. In confining experimentation to 

what could be objectively measured - namely behaviour ('output') and stimuli 
('input') - behaviourism helped to develop psychology as an empirical science (prior 
to then it had been a more philosophical, introspective endeavour). However, it 
became apparent that there were important limitations of the behaviourist approach 
which meant it could never provide a comprehensive theory of mind and behaviour, 
and it was replaced by a doctrine which allowed the internal architecture of 
biological information-processing systems (some of which could not be understood 
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with sole reference to an animal's experience - i. e. the stimuli it had previously 
been exposed to), to be modeled and tested; importantly, such modeling and 

testing could occur without a loss of ernpicncat ttgor, nor an appeal to Introspection. 

'Consciousness' and subjective experience are problematic issues for science, and 
the cognitive revolution owes its considerable success, in part, to being able to 

circumvent such phenomena: as our `clockwork toy' anecdote illustrated, by 

confining our approach to modeling how information is processed (in the example 
of the clockwork toy: the design of the cogs, the speed with which they rotated, the 

connections they had with various gears, and so on; in the example of biological 

systems: the architecture of neuronal networks, patterns of inhibition and 
excitation, and so on) we can happily proceed without recourse to subjective 
experience. 

Since subjective - phenomena are an important part of how we tend to 
conceptualise . 

'emotions', they received comparatively little attention by cognitive 

scientists, at least at the start of the 'cognitive revolution' (e. g. Gray, 1999). In fact, 

such -states were sometimes regarded as nuisance -variables: 
biological 

phenomena of primitive origin, compromising the rationality of 'pure' cognitive 

processes, such as thought, attention, perception, and so on (e. g. Loewenstein & 

Lerner, - 2003). More recently, this attitude has changed, and experimental 

psychology has widened the scope of its enquiry to include 'consciousness', and 
also emotions, mood and affect (including their subjective components). In an 
interesting echo - of the circumstances . surrounding the cognitive revolution, 
psychologists are increasingly appreciating that the neglect of emotion as a 
variable means the 'classical' cognitive approach to the understanding of mind and 
behaviour will only be able to tell part of the story. Importantly, there has been a 
realisation that by bringing emotion back into psychological theories and models, 

rather than introducing 'noise' which clouds our ability to clearly see the rational 

processes of cognition, it may actually enhance our -understanding ý of those 

cognitive processes (e. g. Forgas,. 2003; Loewenstein et, al., 2001) , (much as 
introducing cognition developed our understanding of key (otherwise inexplicable) 

phenomena uncovered during the behaviourist period. of experimentation)., 
Perhaps coupled with an increasing appreciation that cognitive processes aren't 

12 



CHAPTER 1 General Introduction 

always 'rational' (e. g. such processes may 'make decisions', for instance, in a 

manner quite different from how a computer, designed to take full account of, and 

weigh up, all available information prior to making a 'decision', would do), an 

understanding of the adaptive significance of emotional states means greater 

attention has been paid to the role of emotions in 'tuning' cognitive processes in a 

manner which enables the organism to better respond to a changing (external and 

internal) world: making better decisions, and so on (e. g. Clore & Huntsinger, 2007; 

Damasio, 1994; Finucane et al., 2000). More generally, the historical delineation 6 

between emotion and cognition is being revised in favour of a view emphasising 

the integration of the two (e. g. Duncan & Barrett, 2007; Eder et al., 2007; Ochsner 

& Phelps, 2007; Pessoa, 2008; Phelps, 2006). 

Conceptually, the various components of an emotional response could be regarded 

as different 'bits', or (as a slight variation) as different ways of looking at the same 

thing; e. g. one could take a 'physiological approach' to emotion (and measure the 

change in neuronal activity, endocrinological functioning, and so on), one could 

take a 'cognitive approach' to emotion, and examine changes in the operations, 

and functioning, of parts of the 'software' running on the neuronal hardware, etc. In 

part, the merits of a particular 'approach' depend on the types of questions one's 

asking, and also the scientific progress achieved through adopting a particular 

paradigm (e. g. Dalgleish, 2003); historically, the 'cognitive approach' has been very 

successful in both posing scientific questions, and in finding answers to them (e. g. 

Byrne & Bates, 2006). So a 'cognitive approach'7 to understanding emotion may 

serve us well, but of course it won't tell the 'whole' story of 'emotion', nor will it be 

the best approach in all circumstances. 

° Perhaps originating In classical Greek philosophy: Scherer (2003), for example, notes that "in arguing for a tripartitite model 
of the soul, Plato created the concepts of 'cognition', 'emotion', and 'conation' (motivation), and placed them In partial 
opposition to each other. ' As mentioned in the main text, some argue the historical boundaries between emotion and 
cognition should now be revised (with some suggesting that 'affect' Is a form of 'cognition', for example: e. g. Duncan & 
Barrett, 2007), plus other aspects of Plato's model are being questioned too, with some proposing that classical 
'motivational' states, such as hunger, thirst and pain, may be better conceptualised as emotions (e. g. Tsuchiya & Adolphs, 
2007). 
1 Incidentally, some people instead refer to an 'information-processing' approach to emotion (e. g. Dalgleish, 2003); this 
perhaps allows us to circumvent any debates concerning where (classically) cognitive processes end, and (classically) 
affective processes start (each of which may Involve the processing of information); such debates are historically a prominent 
feature of psychological theorising (for a review, see e. g., Panksepp, 2003). 
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Emotions, moods, and affect - some notes on terminology 

As Paul et al (2005) note, the words 'affect' and 'emotion' are often employed 

synonymously (e. g. Pessoa, 2008) as catch-all terms for phenomena such as 
transient responses to particular emotive events, longer-lasting moods, and so on. 
We take Paul et al's lead, and use the terms in this interchangeable manner too, 

but it's important to note that 'emotion' is occasionally used in a more specific 

sense, to refer to object-related and relatively transient affective states (e. g. an 
'emotion' (perhaps anger) elicited in response to an unfamiliar conspecific intruding 

on one's territory). These are distinguished from 'moods', which are longer-lasting, 

more diffuse affective states; moods may be precipitated by particular events too, 
but can then persist for some time in a manner which is not obviously 'object- 

related', such as a , general feeling of depression, anxiety, happiness, etc. (e. g. 
Clore & Huntsinger, 2007; Paul et al., 2005). 

Some researchers stress the categorical differences between emotions, whereas 

others, tend to adopt a, more dimensional view - (for brief discussions, see e. g. 
Panayiotou, 2008;. Paul & Mendl, in prep. ). With regard to the latter, as Scherer 

(2003) notes, it's a surprisingly pervasive finding that a variety of human affective 

states can be differentiated by their loci on a number. of orthogonal dimensions; 

these 'axes', variously relate to emotional valence (i. e. positive or negative), the 

direction of engagement (i. e. approach 
, 
or withdrawal),,, and also arousal (i. e. 

intensity) (e. g. Clark & Watson, 1991; Russell, 1980; Watson et al., 1988). 'Moods' 

are sometimes conceptualised as affective statesl which simply vary along these 

dimensional axes, whilst 'object-specific emotions' might , 
be additionally 

"Characterised by certain object-related appraisals (e. g. Paul & Mendl, in prep. ). In 

addition, the term 'affect' is occasionally used to refer specifically to 'valence' (e. g. 
Paul et al., 2005).... 

Finally, ' both ''moods' and 'object-related emotions' tend to be referred to as 
affective states, whereas affective traits are a, "tendency to react in a particular 
affective way to a variety of events across time and situations" (e. g. ' Loewenstein & 
Lerner, 2003): i. e. something akin to the affective component of a personality.,,, 

,.. 
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THE RELATIONSHIP BETWEEN COGNITION AND EMOTION IN HUMANS 

The changes in cognitive (or information) processing which occur across emotional 

state in humans are wide-ranging and complex. Some of these relate to changes 
in capacity, and some relate to changes in selectivity (e. g. Dalgleish, 2003). 

Affect-related changes in cognitive capacity 

An example of affect-related changes in capacity might be certain anxious states, 
in which attentional resources, and a portion of finite-capacity working memory, are 

more greatly occupied with the monitoring of potential threats in the environment; 

as a result this may mean that the animal (human or non-human) in question 

performs more poorly in tasks which are not threat-related (since that animal may 
focus fewer cognitive resources on such tasks compared to when it is in a less 
'anxious' state) (e. g. Eysenck et al., 2007). In another example, when a person is 
depressed, the capacity and efficacy of a whole range of cognitive processes may 
be compromised, including memory, learning, decision-making, executive 

processes, and so on (although, of course, the extent of such impairments depend 

on the intensity and longevity of the depressive episode; e. g. Gualtieri et at., 2006). 

Affect-related changes in cognitive selectivity 

Affect-related changes in selectivity refer to a biased tendency to process particular 
types of information in a cognitive system of limited resources (in which not 
everything can be processed); as one of the above examples illustrates, such 
changes can also affect information-processing capacity. Research on affect- 
related biases in human information-processing has generally focused on the 
following areas: 

" Memory 

" Attention 

" Judgement/ Interpretation 

AG 
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Soon, we'll discuss these in a little more detail; before we do, though, it's worth 

noting a few points which will inform that discussion. 

Firstly, with notable exceptions, research on the links between cognition and 

emotion in humans has often focused on negative affective states: specifically 

anxiety and depression. This is perhaps not surprising, since such states (at least 

when occurring at a clinical level) are of most medical concern (in a similar way 
that negative affect is of most concern to animal welfare scientists, and has also 

received similarly biased attention). 

Secondly, a bias in memory (mnemonic) processes, for example, may reflect 
changes in memory-specific systems, and/or changes in attentional systems, 
and/or changes in judgement/interpretational systems, and vice versa; it's possible 
that the contribution of these various mechanisms might be distinguished through 

careful experimental design, but as a general point, saying a human (or non- 
human) has a specific 'bias in memory' (for example) doesn't necessarily mean 
that bias solely-reflects changes to cognitive systems we generally regard as 
primarily memory-related. 

Thirdly, some researchers are interested in whether such 'cognitive biases' might 
be found in certain individuals before they develop an emotional disorder which 

requires clinical intervention, or whether they instead occur during that emotional 
disorder; i. e. whether the biased processing of information might make humans 

vulnerable to developing affective disorders (in which case' it might have 

significance as a vulnerability marker, and might be the focus of preventative 
intervention), or whether they only occur once such disorders commence (in which 

case they might perpetuate such disorders, and may similarly be the focus of 
intervention) (e. g. - Bishop, 2007; Dent & Teasdale, 1988; Mineka et al., 2003; 

Power, 1999).. 

Finally, affective states can co-occur. For example, it is often the case that people 
who are depressed are also anxious: i. e. there is a considerable amount of co- 
morbidity (incidentally, the same is not quite true for those who are anxious: i. e. a 
greater number of such individuals are without depression than vice -versa; 
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furthermore, anxiety tends to come first when they are expressed sequentially) 

(e. g. reviewed in Mineka et al., 1998). As a general observation, this should alert 

us to the possibility that if we find that a particular cognitive process is functioning 

differently in a depressed person (or a non-human who we think might be 

depressed), that might not reflect their 'depressed state' but might reflect the 

presence of any co-morbid anxiety (for example). 

Below, we will review some of the evidence for certain affect-related cognitive 

biases in humans. 

MEMORY BIASES 

There is considerable evidence suggesting that humans can better recall 

previously-learnt material which has an emotional significance congruent with their 

current affective state (e. g. Mineka et at., 2003). 

Depression 

In general, research on mood-biased memory has focused on depression, 

reflecting a concern that such biases precipitate clinically-depressive states, or 

maintain them (e. g. Gotlib & Krasnoperova, 1998). Such research has found good 

evidence that mood-congruent memory biases occur in depression (as reviewed in, 

for example, Dalgleish & Watts, 1990; Mineka et al., 2003), and that this isn't 

simply a function of such individuals having more negative memories (i. e. it's not 
solely due to the possibility that more negative things may have happened to a 

person who is currently depressed; e. g. Clark & Teasdale, 1982). Furthermore, 

such depression-related biases are found in 'explicit memory tasks' (e. g. free 

recall, recognition tests, etc; i. e. when participants are explicitly asked to remember 
things) (e. g. Bradley et al., 1995; Teasdale & Fogarty, 1979) and also in `implicit 

memory tasks' (in which memory is not assessed directly) (e. g. Bradley et at., 
1995); such tasks may, in part, map onto different underlying mechanisms 
(perhaps more 'elaborative', or'strategic' processing in the case of the former, and 

more 'automatic' in the case of the latter; e. g. Bradley et al., 1995). 

17 
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Anxiety 

In contrast, the overall evidence of memory biases in anxiety is not as strong (e. g. 
Russo et al., 1999), although it appears certain types of anxiety disorder may be 

associated with such biases, for example biased retrieval of threat-relevant 
information in panic disorder, along with evidence, in a limited number of studies, 
of mood-congruent memory biases in post-traumatic stress disorder (PTSD) and 
obsessive-compulsive disorder (OCD) (e. g. Coles & Heimberg, 2002). 

More positive affective states 

Although not as extensively studied, evidence suggests that positive affective 
states are also associated with mood-congruent memory biases (as reviewed in, 

e. g. Blaney, 1986; Isen, 1999); more generally, Mineka et al (2003) note that non- 
depressed controls generally recall more positive than negative material. 

ATTENTIONAL BIASES 

Anxiety .... ' 

In, contrast to memory biases, - there is very good evidence that anxious humans 

have characteristic attentional biases (e. g. Bar-Haim et at., 2007). A number of 

experimental paradigms have been used to test such biases,, including the 

modified (emotional) Stroop task, and the dot probe task. . 

Stroop tasks, 

The Stroop task involves presenting participants with words in different colours. 
The participant is asked to name the colour of the font in which the word is 

presented, as quickly as possible. However, the speed with which people can do 
this very much depends on the nature of the word itself (e. g. what it spells); in the 

original version of the task, Stroop (1935) found that participants took longer to 

name the ink colour of a word if it spelt a colour other than that of the ink in which it 

was printed, suggesting the word's semantic content disrupted, or interfered with, 
their ability to report on other aspects of the stimuli. Nowadays, there are several 
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versions of this task in popular use, many of which employ words which spell a 

variety of carefully chosen non-colour names; by varying the relevance of those 

words to the study population, such 'modified Stroop tasks' can be used to explore 

a range of attention-related biases; as such, researchers gain insight into which 
types of stimuli are more likely to recruit selective attention (and interfere with task 

performance; e. g. C. MacLeod, 1999). 

For example, Mathews & MacLeod (1985) used a modified Stroop task to 

investigate attentional biases in anxiety; they found that clinically-anxious 

participants took significantly longer to name the colour of stimuli which spelt 

threatening words (e. g. 'injury', 'pathetic', etc. ) than those which spelt non- 

threatening words (e. g. 'hobby', 'confident'), compared to participants who were not 

anxious. Many other studies have found similar effects, with respect to both 

anxious state, and high-anxious trait, populations (see Williams et al., 1996, for an 

extensive review). Results such as these suggest that anxious participants' 

attention is drawn towards the semantic content of the threatening words, and 

away from other aspects of those stimuli (such as their colour), although some 
have argued that if attention were diverted from threat-related stimuli, response 
latency may be similarly longer (as discussed in C. MacLeod, 1999, for example). 

Dot probe tasks 

An alternative paradigm, the 'dot probe task', has been employed to address such 
issues. A typical version of this task involves two stimuli (usually words) being 
presented on a screen (e. g. one on the left, the other on the right). These stimuli 
soon disappear, and a 'probe' (e. g. two dots) appears in the position previously 
occupied by one of the stimuli. The participant is asked to respond as quickly as 
possible as soon as they detect the probe's appearance (e. g. Bishop, 2007). 
Again, by varying the relevance of the initially-presented words to the study 
population, such paradigms can be used to study attention-related biases. For 
example, MacLeod et al (1986) found that clinically-anxious participants were 
quicker to correctly indicate they had seen a probe when it replaced a threatening 
word than when it replaced a non-threatening word, whereas the reverse was true 
of non-anxious participants. Such results (see also, for example, Bradley et al., 
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1999; Mogg et al., 1992) suggest that anxious participants do in fact have a greater 
tendency to direct selective attention towards threat (rather than to avoid it). 

Other characteristics of anxiety-related attentional biases 

Such anxiety-related attentional biases are generally specific to negatively- 

valenced, threat-related stimuli (e. g. Mogg & Bradley, 2005)8, and the effect tends 

to be greater if the semantic content of those stimuli is more relevant to the specific 

concerns of a particular anxious participant (e. g. Mogg et al., 1989)9. Furthermore, 

conditioned, as well as intrinsically-threatening stimuli, can elicit such attentional 
biases (e. g. Van Damme et al., 2006). 

Attentional biases are found with respect to both anxious states, and traits 

(although the evidence is a little less strong in the case of the latter; e. g. Bishop, 

2007), and in clinical and non-clinical populations (e. g. Bar-Haim et at., 2007). 

Interestingly, clinical populations exhibit attentional biases when the stimuli are 

presented both, subliminally, and, supraliminally, whereas. non-clinical anxious 
populations tend_, to show biases more strongly when the stimuli are presented 

subliminally (as reviewed in,, for example, Bar-Haim et at, 2007). This somewhat 
suggests that there is a bias related to highly-automated, 'pre-conscious' cognitive 

processes in both study populations, but that sub-clinical participants are better 
able to compensate using 'higher-level', cognitive control processes: i. e. when 

participants are consciously aware of stimuli, - they, may be able to better- meet the 

requirements of the task (to answer correctly as quickly as possible) by adjusting 
'higher-level' cognitive mechanisms in the face of 'lower-level' bias (e. g. Mineka et 
at, 2003, Pessoa,. 2008). 10. 

_ý. 
In clinical populations, '. on the other hand, such 

° Although as Mogg & Bradley (2005) note in their review, attentional biases have been found in certain anxious populations 
with respect to words not obviously threat-related: e. g. 'sadness'. 
° For example, Mogg at al (1989) employed the modified Stroop task with a clinically-anxious sample of people: participants 
who reported being mostly worried about health or physical dangers had greater response latencies to threatening words 
related to such worries (such as 'disease', 'mutilated', etc. ), whereas those participants who reported being mostly worried 
about social concerns had greater response latencies to threatening words related to those social worries (e. g. 'failure',, 
'Inadequate'. etc. ).. 

10 Bishop (2007) discusses the possibility that "selective attention to threat is determined by the relative signal strength from 
a pre-attentive threat evaluation mechanism versus that from top-down control mechanisms. ' Anxiety Is held to increase the 
output from the threat evaluation mechanism, biasing attentional competition in a threat-related direction, even when 
conscious awareness of the threat-related stimulus is absent". 'She notes that there is considerable evidence that the 
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'strategic' mechanisms may also be biased, or otherwise compromised, so 

compensatory higher-level processes are either not available, or actively facilitate 

biased attention (e. g. Bar-Haim et al., 2007; Bishop, 2007; Mineka et al., 2003). 11 

Furthermore, there is evidence that attentional biases (especially pre-conscious) 

may be a vulnerability marker, correlating with a tendency to later develop a clinical 

condition (e. g. C. MacLeod, 1999; Mineka et al., 2003). 

Depression 

In contrast to the strong evidence for attentional biases in anxiety, the evidence for 

attentional biases in depression is less robust (e. g. Mineka et al., 2003; Mogg & 

Bradley, 2005; Power, 1999); however, when such biases have been found, they 

tend to occur in studies in which the stimuli are presented supra-liminally, and 

when those stimuli have greater personal relevance (e. g. Mineka et al., 2003; 

Mogg & Bradley, 2005). Interestingly, when co-morbid with anxiety, depressed 

individuals don't always show an attentional bias towards threat (e. g. Mogg & 

Bradley, 2005). 

More positive affective states 

With regard to more positive affective states, a recent study has found evidence of 

an attentional bias towards rewarding stimuli when in a positive mood. Using a 
dot-probe task, and a variety of positive mood manipulations (including 'natural' 

variation), Tamir & Robinson (2007) found that positive mood was associated with 

greater attentional bias towards positively-valenced words which were associated 
with potential rewards (and were high-arousing; e. g. 'sexy', 'success'), rather than 

to generally positive (and low arousing) words which were not obviously reward- 

related (e. g. 'safe', 'carefree'); furthermore, these biases were found when the 

stimulus words were only presented for a very short time (e. g. 300ms), as well as 

amygdala plays an important role in pre-attentive threat-related processing, whilst the pre-frontal cortex (PFC) Is implicated 
in top-down, cognitive control. 
" With regard to how this might map onto corresponding neural substrates, Bishop (2007) notes that "findings provide 
evidence for anxiety-related frontal hyporesponsivity, as well as amygdala hyper-responsivity, during the regulation of 
attention to threat-related stimuli". 
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longer periods (e. g. 900ms), suggesting such biases are relatively 'automatic'. 

They interpreted these results via a framework describing a positive affect-related 
tendency to approach reward, and a negative affect-related tendency to avoid 
unpleasant outcomes (e. g. Carver, 2001; Watson et al., 1999). 

More generally, some have suggested there is a 'default' tendency, in those who 
aren't currently anxious, to fast-track the processing of possible sources of threat 
(e. g. LeDoux, 1996), and otherwise a "propensity to attend to, learn from, and use 
negative information far more than positive information" (Vaish et al., 2008). 
Interestingly, a recent meta-analysis found no evidence al threat-related biases in 

non-anxious people (Bar-Haim et al., 2007), which is a curious finding since such a 
default tendency would, one might think, be adaptive; however, this might reflect 
the attentional bias tasks generally employed in such studies: when there is a real 
possibility of threat, attentional processes in non-anxious people may be adaptively 
deployed towards' it, but not towards the sort of stimuli typically used in such 
studies (e. g. words), which nevertheless attract the attention of anxious people 
(perhaps reflecting their lower processing thresholds). 

JUDGEMENT/ INTERPRETIVE BIASES 

If there is a certain level of uncertainty, or ambiguity, regarding the significance of a 
particular stimulus, - or regarding-the probability that a particular event will occur, 
some people, on some occasions, are more likely to interpret that significance to 
be more negative than others, or to judge the occurrence of positive or negative 
events "to be more likely than others. - Importantly, such biases ' co-vary with 
people's emotional states and traits in' a characteristic manner (e. g. Bishop, 2007; 
A. K. MacLeod, '1999, C. MacLeod,, 1999; Mineka et al:; 2003). 

Studies with humans have found such biases with regard to a number of different 

stimuli: for example, with regard to words, or sentences, which might have more 
than one equally valid 

, 
meaning; with regard to facial expressions which could be 

. _` 
interpreted as signifying, a person is in one emotional, state or, another; and with 
regard to the nature'(i. e. positive or negative) of future events, and the likelihood 
that they will occur. ' 
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Biases relating to the interpretation of such stimuli encountered in the here-and- 

now are generally referred to as judgements of ambiguity. Of course, judgements 

relating to the nature, or likelihood, of future scenarios are, in a sense, judgements 

of ambiguity too (since the future is unknown), but this fits a little less well with the 

commonly-agreed semantic interpretation of the term, and so research relating to 

interpretive biases of `ambiguity' generally relates to the former scenario. 

Interpretations of ambiguity in anxiety 

Let's look at some examples of biases relating to ambiguity. Mathews et at (1989) 

presented clinically-anxious, recovered-anxious and control (i. e. non-anxious) 

participants with spoken words, and asked them to write them down. Some of 
these words were homophones: i. e. could be spelt in more than one way, with 

each spelling having a different semantic meaning; importantly, some of these 

meanings were more threatening than others (e. g. die/dye, slay/sleigh, and so on). 
They found that the clinically anxious group were more likely to write down the 

words using the more threatening spelling than the control group (with the 

recovered-anxious group intermediate). Eysenck et al (1991) found similar results 
using whole sentences; they found that clinically-anxious participants were more 
likely to judge ambiguous sentences (e. g. 'the doctor examined little Emma's 

growth'; 'the farmer gave Dave the sack'), as having a negative meaning (e. g. 'the 
doctor looked at little Emma's cancer'; 'the farmer took away Dave's job'), rather 
than a more benign meaning (e. g. 'the doctor measured little Emma's growth'; 'the 
farmer handed Dave the bag'), compared to non-anxious and recovered-anxious 
participants. 

It's possible that the anxious participants in these tasks process (and are aware of) 
both possible interpretations of the stimuli, but are more likely to select, and 
respond with, the more negative one when asked; alternatively, it may be that only 
the semantic representation relating to the threatening meaning is processed, or 
reaches 'awareness', and that is why they respond with the threatening 

23 



CHAPTER 1 General Introduction 

interpretation 12 (e. g. Eysenck et at., 1991; Mogg et al., 2006). The former would 

perhaps best be termed a response bias, whereas the latter might more suitably be 

termed an interpretative bias (e. g. C. MacLeod, 1999); whilst eliciting the presence 

of the former might be of some interest13, these experiments were chiefly designed 

to tap the latter, and it is their presence, or otherwise, which is likely to have wider 
implications for our understanding of affect and cognition. 

A number of studies have used a variety of priming techniques to better rule out a 

'response bias' interpretation. For example, Richards & French (1992) presented 

an ambiguous'priming' word (e. g. 'arms', 'sentence', etc. ) to high trait-anxious, and 
low trait-anxious participants, on a screen. This was soon replaced by a different 

'target' word, to which the participant was asked to indicate, as quickly as possible, 
whether this was an actual ('real') word, or a non-word. In some trials, the real 

word related to a threatening meaning of the prime (e. g. 'weapons', and 'prison', 

respectively), whereas in others it related to a non-threatening meaning of the 

prime (e. g. 'legs', and 'words', - respectively). They found that anxious participants 
were comparatively quicker to respond correctly when ambiguous primes were 
followed by threatening targets. 

Experiments such as these (see also, e. g. Calvo et al., 1994; Macleod & Cohen, 

1993), which incidentally employ a number of control stimuli and trials14, are more 
likely to tap what we might call interpretive biases, since they explore the 
facilitation, or otherwise (as. operationalised . by 'quicker, or - slower, response 
latencies, respectively), of correctly responding to a target stimulus, which 

presumably reflects the level of activation of particular semantic representations, 

as manipulated by the priming stimulus. They suggest that, given an ambiguous 

stimulus with both non-threatening and threatening : connotations, 'a threatening 
semantic interpretation is more likely to be activated in anxious' individuals. By 

12 Or perhaps the interpretation that reaches 'awareness' first. 
" E. g. If anxious people were more likely to offer a threat-related outlook (outside a lab setting), this may have certain 
Implications for the nature of their social relationships. 
14 E. g. threat-related target words which do not obviously correspond to the 'threatening' meaning of the preceding 
ambiguous prime (e. g. 'arms' followed by 'stress'), and the use of ambiguous primes with no obvious threatening meaning at 
all (Richards & French, 1992). 
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manipulating temporal aspects of the design, such experiments can examine the 

time-course necessary to elicit such biases (e. g. Calvo & Castillo, 1998; Richards 

& French, 1992); generally, when such temporal manipulations have been 

employed, the threat-specific priming found in anxious participants is not found at 

very short latencies (e. g. 500ms or below) between a prime and subsequent target 

(although general semantic facilitation is still found, e. g. Richards & French, 1992). 

This suggests that at least part of the mechanism underlying the anxiety-related 
interpretative threat bias involves 'non-automatic', 'strategic' processes, which take 

longer to unfold (e. g. C. MacLeod, 1999). 

Such anxiety-related biases are also found with regard to other ambiguous stimuli, 

such as facial expressions (e. g. Richards et al., 2002; Yoon & Zinbarg, 2007). For 

instance, Richards et al (2002) found that high trait-anxious participants were more 
likely to judge faces with (experimentally-manipulated) 'ambiguous' emotional 

expressions1s as fearful than low trait-anxious participants 16. 

Interpretations of ambiguity in depression 

The above findings relate to anxiety, but are 'interpretative biases' also found in 
depression? The evidence for this is a little less strong, but it does appear to be 

elicited in certain circumstances. These circumstances are chiefly those that 

encourage, or allow, elaborative processing, and also those in which the ambiguity 
in question is self-referential: i. e. when it relates to the participant. For example, 
Butler & Mathews (1983) presented clinically-depressed participants and non- 
depressed controls with ambiguous textual scenarios (e. g. "You wake with a start 
in the middle of the night thinking you heard a noise, but all is quiet. What do you 

suppose woke you up? "), and then asked them to rank various possible 
interpretations in the order they would likely come to mind in such a situation; they 

'° Incidentally, they weren't more likely to interpret any facial expression as fearful, only those which had been morphed from 
a number of expressions including a fearful one. 
18 Interestingly, following our previous footnote, Bishop (2007) cites evidence suggesting that amygdala activity Increases In 
anxious people when presented with neutral faces that some Interpret as threatening, with the prefrontal cortex activated during (top-down) attempts to interpret such ambiguous stimuli in a less threatening manner, as briefly outlined in a footnote, 
above, these two structures are also Implicated In anxiety-related attentional biases. 

25 



CHAPTER 1 General Introduction 

found that the depressed participants ranked negative interpretations (e. g. "it could 

be a burglar") higher than the non-depressed group. 

More generally, though, a number of other studies which have used experimental 

paradigms similar to those which have elicited interpretative biases in anxious 

people, have failed to find such biases in the case of depression. Investigating a 

clinical population, Mogg et al (2006) found no negative-priming effect of 
depression on a text comprehension test, using ambiguous sentences" (see 

Bisson & Sears, 2007, for similar results in a non-clinical population; each of these 

used third-party scenarios). However, they did find depressive effects on a 
homophone task (i. e. in which participants wrote down words they heard, which 

could have a number of equally-valid spellings some of which were negative, such 

as die/dye). 

Such findings somewhat suggest that a 'response bias' might be responsible for 

these depression-related effects, since the experiments which have found 

'interpretative biases' have tended to be those more vulnerable to 'response bias' 

interpretations; however, these experiments have also tended to be those which 
invite self-referential processing, and it's possible that this` may be an important 

determinant of interpretative biases in depression (e. g. Mogg et at., 2006). 

In support of this latter position, a study. exploring blink reflexes in relation to 

ambiguous stimuli has found evidence of depression-related interpretative biases, 

which are apparently not due to differences in response bias. Having first 

established that the magnitude (i. e. 'strength') of peoples' blink reflex is greater 

when they are asked to imagine scenarios suggested by ambiguous acoustic 

stimuli, prior to which a negative disambiguating cue had, been presented", 
Lawson et al (2002) conducted a further study with -participants differing on an 

" Related to depression-related themes of loss, failure, Inadequacy and rejection, such as "Carol felt emotional throughout 
the service" (e. g. wedding, or funeral? ) and "Mandy thought Steve's attitude towards their relationship had changed' (e. g. for 
the better, or worse? ). 

They created acoustic stimuli each of which was the merged product of two spoken words, one with a negative and one 
with a neutral meaning, differing only in the sound of one phoneme (e. g. 'gloom' and 'bloom'). In the first study (sampled 
from a college population, not tested for depressive symptoms), they presented a 'disambiguating cue' beforehand: e. g. 'low 
mood' or 'flowering plant' respectively; they presented no such disambiguating cues in the second study (in which they 
measured blink response In relation to levels of depression). 
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index of depression; they found that those higher in depression exhibited blink 

reflexes of stronger magnitude when asked to imagine a scenario invoked by 

presentation of an ambiguous acoustic stimulus which had both negative, and 

neutral, interpretations. 

Subjective probability judgements in anxiety & depression 

With regard to prospective (i. e. future-orientated) cognitions, humans in a negative 

affective state (or with negative affective traits) tend to judge negative events as 

more likely to happen to them, and positive events as less likely to happen to them, 

than humans in a more positive affective state (see A. K. MacLeod, 1999, for a 

review). There is some evidence that such prospective cognitions differ across 

types of negative affect (or across relevant affective dimensions): for example, 

some studies have found that anxiety tends to be associated with the higher 

estimation, or generation, of negative future events, and depression with the lower 

estimation, or generation, of positive events, compared to non-anxious, non- 
depressed controls (e. g. MacLeod et al., 1997; Stober, 2000). 

In a number of experimental papers and reviews, Andrew MacLeod and his 

colleagues have related such differences in the valency of prospective cognitions 

across anxiety and depression to the orthogonal affective dimensions of positive 

affect/activation (PA) and negative affect/activation (NA), as proposed by Tellegen 

and colleagues. 19 In this formulation, both anxiety and depression are 
characterised as being high on the dimension of NA, but only depression is 

characterised as low on the dimension of PA; high NA, they suggest, is associated 

with higher expectation of negative events, whereas low PA is associated with 
lower expectation of positive events. There is some empirical support for this 

position: for example, MacLeod et al (1996) measured participants' PA, NA, 

19 For example, Miles et al (2004) note "Tellegen and colleagues (Tellegen, 1985; Watson et al., 1988) have accounted for 
the overlap between depression and anxiety by describing each disorder's relationship to two orthogonal factors labelled 
Positive Affect (PA) and Negative Affect (NA) (Watson & Clark, 1984). PA is a dimension of pleasurable engagement and 
reflects the extent to which a person feels active, elated, enthusiastic, excited and strong. NA is a dimension of 
unpleasurable engagement and Is characterized by distress, fear, nervousness and anger. Depression is considered to be a 
mixed state involving high NA and low PA, and anxiety is a pure state involving only high NA, though an extension of the 
model posits an additional, unique dimension of anxious arousal for anxiety (Clark & Watson, 1991). ' Elsewhere, MacLeod 
(1999) notes that "it has also been suggested that PA and NA relate to reward-driven and punishment-driven motivational 
systems, such as Gray's (1982) behavioural approach and behavioural Inhibition systems" 
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depression, anxiety, and their subjective probability estimates that various future 

events (differing in valency) will befall them; factor analyses found two clear 
factors: one with loadings from NA, anxiety, negative expectancies and depression, 

and the other factor with loadings from PA and positive expectancies, with negative 
loadings from depression. 

Such differences in the valency of prospective cognitions across anxiety and 
depression are not always found, though: in a study of secondary schoolchildren, 
for example, MacLeod and his colleagues found that whilst depression and anxiety 

were associated with the generation of more negative future events, neither was 

associated with the generation of fewer positive future events, compared with 
controls (although their predictions regarding PA and NA were somewhat 
supported), (Miles et al., 2004). As a result, they speculated that differences 

regarding positive -future - cognitions might only be found in those severely 
depressed, or that perhaps they are more closely associated with a 'hopeless-style' 
(e. g. -Abramson et al., 1989) of depression (to which adolescents may be less 

vulnerable). 

Subjective probability judgements in more positive affective states 

Many of these studies, above, have compared depressed or anxious populations 
with non-depressed and non-anxious controls, but how do more positive affective 
states compare? Nygren et al (1996) induced a positive affective state in their 

participants by giving them a bag of sweets; when asked to estimate the probability 
of winning a gambling task, they found that participants who had received the bag 

of sweets estimated a higher, chance of winning than participants who, had not. I 

Many other studies have. found similar, results with reference to positive affect (as 

reviewed in, for example, Loewenstein & Lerner, 2003), and the general-pattern 
between affect (both positive and negative) and subjective probability estimates 
appears to be robust. 

More generally, the typical finding is for 'control' groups to give higher subjective 
probability estimates for positive events than negative ones (A. K. MacLeod, -1999); 
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i. e. there tends to be a `default' optimistic bias (whether this is borne out by reality 

or not). UNIVERSITY 
OF BRISTOL 

Estimating probability with regard to current & past events MEDICAL 
U13RARY 

In addition, such biases in subjective probability assessments are not confined to 

future-orientated scenarios20. For example, in a famous series of experiments, 

Johnson & Tversky (1983) gave participants different newspaper reports to read, 

and then asked them to estimate the frequency with which various fatal accidents 

occurred in the U. S. Participants who had read stories involving death (either 

resulting from leukemia, homicide or fire) estimated higher frequencies than 

participants who had read `filler' stories not involving death. Contrary to the 

authors' predictions, this effect was not specific to the type of death featured in the 

news report (e. g. those who read the 'homicide story' were not more likely to 

estimate higher frequencies for homicide, or other violent endings, compared to 

other possible causes), but was global, and was related to the change in affective 

state (as measured by the investigators) induced by the stories. 21 

Some possible mechanisms 

How might people, including those who are depressed and/or anxious, make such 

judgements? MacLeod (1999) discusses a few possible mechanisms; some of 

these he relates to a variety of judgement heuristics proposed by Tversky & 

Kahneman (e. g. 1982; 1973), who suggested judgements may be based on 

retrieval of relevant memories, and/or the simulation of scenarios in which one 

could imagine such a future event coming to pass. The latter (simulation heuristic) 

might be more likely to occur when no relevant memories are retrievable, with both 

20 Incidentally, such biases may be retrospective too, although the mechanisms underlying such'covariation' biases may be 
different from future-orientated ones. For example, Tomarken et al (1989) exposed high snake-fearful and low snake-fearful 
participants to fear-relevant (snakes) and non-fear-relevant (e. g. mushrooms, flowers) pictures, whilst pairing them with 
aversive or non-aversive stimuli (shocks, tones, or nothing). They found that high snake-fearful participants later over- 
estimated the frequency with which the snake pictures were paired with the aversive shocks (in fact, the pairing had been 
random across the various pictures), and this appeared to be related to the aversive nature of the shocks rather than any 
greater salience they had. 

21 In subsequent experiments, they found that this bias was also found in relation to self-referential, future-orientated 
probabilities (i. e. how likely do you think X will be the cause of your own death? ), and also to mood as induced by stories not 
relating to accidents at all (e. g. a 'depressing' story of marital break-up and vocational duress; a 'happier' story of luck and 
success). 
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(as availability heuristics) determined by the availability, or ease, with which 

relevant memories, or future scenarios, can be recalled, or constructed, 

respectively. There is good evidence (e. g. A. K. MacLeod, 1999) that both past 

experience, and future scenario construction, generally play an important role in 

the judgements we make. 

With specific regard to affect, though, evidence suggests the difference in 

prospective cognitions between those who are anxious and/or depressed, and 

controls, is mirrored by similar differences (across affect) in how well people build 

such future events into causal narratives (e. g. Byrne & MacLeod, 1997; Kagan et 

al., 2004). 

In addition, there is a correlation between the ease, and pattern, of memory 

ceco\1ecXon, and judgements perta%Tims to fiuture events. For example, in one of 
the studies we cited earlier, as well as asking participants to generate as many 
future experiences as possible (both positive and negative), MacLeod et al (1997) 

also asked participants to write down as many past experiences as possible 
(again, both positive and negative); the pattern of results, across affect, were very 

similar to the data relating to prospective cognitions (see also Miles et al., 2004, for 

a similar pattern of results). If people do use past experiences to inform the 

judgements they make about the future, might'they use a specific event memory 
(SEM), or do they refer to a general impression memory (GIM) of past occurrence 
(A. K. MacLeod, 1999), or both (or neither)? Cropley et al (2000) found that GIM, 

and not SEM, was associated with subjective probability assessments in `normal 

mood' participants22, but neither was associated with such -. assessments in 

depressed individuals; this, they suggest, might, reflect a different mechanism 

which is used, by default, in depressed individuals when making such future- 

orientated judgements, a mechanism characterised by efficiency (automacity) 

through prior rehearsal. 

Although they note that recollection of specific events could well play a role in certain prospective cognitions: e. g. if that 
event Is very recent, or particularly salient. 
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Somewhat in keeping with this conclusion, Andersen and her colleagues 
(Andersen & Limpert, 2001; Andersen et al., 1992) have found evidence to suggest 

that depressives appear to make relatively more automatic cognitions (as well as 

those judgements being relatively more pessimistic and/or less optimistic), 

compared to those less (or not) depressed, when judging the likelihood of future 

events. They found that distractor tasks involving attentional load increased the 

response latencies of depressives less than controls when making such 
judgements; in their later paper (Andersen & Limpert, 2001) they suggested that 

this reflected greater automaticy of such judgements in depressives, acquired 

through greater 'practice' or 'rehearsal' resulting from negative rumination 

regarding future events (for studies examining the relationship between rumination 

and prospective cognitions, see e. g. Lavender & Watkins, 2004; Lyubomirsky & 

Nolenhoeksema, 1995). 

More generally in this brief review, we are building up a pattern of evidence which 

supports the functional role of different affective states. For example, anxiety tends 

to be more threat-related and future-orientated, and to involve a relatively larger 

amount of 'automatic' information-processing; depression, in contrast, tends to 

more greatly concern loss or failure, is more past-orientated (and/or 'hopeless' 

about the future), and involves a relatively larger amount of 'elaborative' 

information-processing. This distinction is not always empirically clear, which may 
in part reflect levels of co-morbidity, or the over-simplicity of other aspects of the 
distinction we're making, but such general patterns hold. This, in turn, may reflect 
their respective functional status: anxiety is generally elicited in situations where 

potential threat is greater, and it may pay to quickly process cues of potential threat 

quickly, and to pre-empt dangerous future scenarios. Depression, on the other 
hand, may invite a level of past-orientated reflection on losses and failed ventures, 

and the re-prioritisation of one's goals in light of that (e. g. Eysenck et al., 2006; 

Mineka et al., 2003; Power, 1999). 

AFFECT AND DECISION-MAKING 

Now that we've reviewed some affect-related biases relating to memory, attentional 
and judgement / interpretative processes, let's widen the picture slightly and 
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consider relatively more 'downstream' output (Tamir & Robinson, 2007), such as 
decision-making behaviour. 

Some have argued that, in humans at least, current emotions (i. e. those 

experienced at the time of decision-making), and those emotions anticipated to 

occur as a result of the various outcomes contingent on one's decision, both play 
important roles in decision-making. These two affective factors have been 

variously named (respectively): anticipatory and anticipated (Loewenstein et al., 
2001), experienced and anticipated (Mellers et al., 1999), and immediate and 

expected (Loewenstein & Lerner, 2003). For the purposes of the following section 

we will adopt the latter terminologies. Figure 1.1 reproduces a schematic diagram 

of Loewenstein & Lerner's (2003) proposed model, outlining causal influences 

between various factors implicated in the decision-making process; their 

conceptualisation won't suit everyone's notion of how affect interacts with decision- 

making, but it nonetheless provides a useful framework which will allow us to 

structure our general discussion of those interactions. 

Anticipatory 
influences 

Immediate Decision / 

emotions behaviour 
Expected 

consequences 

d 

Expected 

emotions 

Incidental "<< 

influences 

Figure 1.1 Causal influences of immediate and expected emotions (reproduced from Loewenstein 
& Lerner, 2003). 
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Expected emotions 

The contribution of expected (or anticipated) emotions in human decision-making 

in part reflects our ability to imagine how we will feel in various future scenarios; we 
then use this future-orientated simulation, so the theory goes, to try and maximise 

positive future affect by making appropriate choices now (e. g. Coricelli et al., 2007; 

Loewenstein & Lerner, 2003; Mellers et al., 1999); this is represented by line a in 

Figure 1.1. The ability for expected emotions to influence decision-making in this 

manner would likely be confined to species able to simulate future events and 

perhaps `pre-experience' them, a capacity which may be human-specific, or at 
least specific to species with particularly complex neurological and cognitive 

architecture (e. g. Atance & O'Neill, 2001). However, it's possible that future 

outcomes may influence current decision-making in less explicit ways; for example, 

as a speculative observation, an animal may feel a certain 'contentment' or 

'rightness' when building a nest, even though the direct consequences of building a 

nest may not realised for many weeks to come. 23 Rather than being explicitly 

acknowledged by the animal, such decision-related outcomes may instead 

influence its immediate emotions through more hard-wired means. 

Immediate emotions 

With regard to immediate emotions, what might determine a (human or non- 
human) animal's emotional state at 'decision-time'? Loewenstein & Lerner (2003) 
distinguish anticipatory influences from incidental influences; the former are 
anticipatory responses to possible decision outcomes (e. g. positive affect resulting 
from positively-valenced potential outcomes, and vice versa), whereas the latter 

are extraneous: i. e. not related to the decision at hand. Animals do 'anticipate' 

outcomes (as illustrated by Pavlov, and many times since), and not in a manner 
which is solely procedural: adjusting their behaviour in response to changes in the 

value of those outcomes, for example (e. g. Dickinson & Balleine, 1995). Does 

23 As William James remarked, "to the broody hen the notion would probably seem monstrous that there should be a 
creature in the world to whom a nestful of eggs was not the utterly fascinating and precious and never-to-be-too-much-sat- 
upon object which it is to her" (quoted In Pinker, 1994). 

33 



CHAPTER 1 General Introduction 

such an ability reflect the ability to 'pre-experience', or 'imagine', as we discussed 

above? Possibly, but for many non-human animals, perhaps such a capacity is 

confined to possible outcomes which will occur in the very near future - e. g. within 

a few seconds (e. g. Mendl & Paul, 2008) (see lines a and b, in the diagram). 

As well as distinguishing their antecedents, Loewenstein & Lerner (2003) also 
delineate indirect and direct effects of immediate emotions on decision-making. 

With regard to the former, as well as influencing our ability to simulate expected 

emotions, and perhaps influencing the subjective value of those outcomes (line c, 
in Figure 1.1), current affect co-varies with changes in information-processing: i. e. 
its capacity, and selectivity, as we have discussed. This in turn can influence 

decisions in a variety of ways: via changes in attentional systems, memory status, 

and judgements of probability (line d), amongst others. 

With regard to the direct effects of immediate emotion, this may be partly 
determined by intensity. At low, or moderate levels of intensity, emotions may take 

on an 'advisory_ role' _ (e. g. the 'affect. as information' hypothesis proprosed by 

Schwarz& Clore, 1983)24, with decision-makers, in effect, asking themselves `how 

do I feel about it? '. In humans, at least, the likelihood that such a ('mood advisory') 

heuristic will be employed will partly depend on the nature of the decision itself (for 

instance, whether the decision relates to a familiar or unfamiliar situation, e. g. 
Forgas, 2003). 

At high intensities, on the other hand, emotions may 'overwhelm' classically 
'rational' cognition -'(e. g. ; Rolls, 1999): phobias might be, a good example; for 

instance, an arachnophobic might know (rationally) that spiders (in Britain, at least) 

aren't harmful, yet may very well be overcome with an aversive emotional reaction 

when, confronted with one. In addition, perhaps more so at higher intensities, -, 
emotions bring with them 'action tendencies' (e. g. Frijda, 1994): one might be more 

24 In a famous study, Schwarz & Clore (1983) asked people, on sunny, or rainy days, how satisfied they were with their lives; 
their judgements were correlated with the putative mood-inducing qualities of the weather (i. e. more satisfied when sunnier), 
however when their attention was first directed to the weather, the 'rainy day effect was abolished (although the 'sunny day' 
effect was not). This suggests that (mis)attributing the source of one's current affective state can be an important 
determinant of whether such an 'affect-as-information' heuristic is used, and any 'carryover moods resulting from other 
Incidents could play an important role in situations about which the mood has little obvious relevance (e. g. Loewenstein & 
Lerner, 2003). .. "... 
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likely to hit when angry, run when scared, and so on. Emphasising the adaptive 

significance of such affect-related tendencies, Loewenstein & Lerner (2003) note 
that "in this view, emotions save cognitive processing by triggering time-tested 

responses to universal experiences (such as loss, injustice and threat). " As a more 

general point, emotions may provide the `motivation' to take certain adaptive 

courses of action: courses of action which may not otherwise be taken. 

Decision-making under risk 

Some have argued that a more explicit consideration of affective factors will likely 

improve (and has already improved) many classical models of decision-making, 

including those pertaining to decision-making under risk (e. g. Loewenstein et al., 

2001; Mellers et al., 1999; Slovic et al., 2004). For example, expected utility 

theories view decision-making as a function of the utility (or desirability) of various 

outcomes, and the probability of attaining those outcomes (for example, von 
Neumann & Morgenstern (1947), cited by Eysenck & Keane (2005)). From such 
functions, a number of axioms have been derived of how people should behave if 

the decisions they make proceed on an optimal basis (as modeled by such 
theories; e. g. Hastie, 2001); however, important violations of such axioms may, in 

part, be accounted for by more explicit reference to emotional influences 

(Loewenstein & Lerner, 2003). 

We've encountered many of these in our discussion so far: perhaps most obviously 
the observation that subjective probability assessments are influenced by current 
emotional state. Interestingly, though, biased subjective probability assessments 
don't always influence decision-making behaviour in an obvious manner. For 

example, whilst Nygren et al (1996) found that (experimentally-manipulated) 

positive mood increased participants' subjective probability assessments of 
positive outcomes upwards (i. e. in an optimistic direction), compared to no-mood- 
manipulation controls, they were not necessarily more likely to gamble in a 
situation which could incur real monetary loss; in fact, they found that when in a 
positive mood, participants were more likely to gamble when potential losses were 
small (but the probability was relatively large), but less likely to gamble when this 
situation was reversed (i. e. when potential losses were relatively larger, but the 
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probability of that occurring smaller). Here, and elsewhere (Isen, 1999; Isen et at., 

1988), they have accounted for such findings by suggesting that positive mood 

shifts greater decision-making weight onto the utility (i. e. outcome) of a choice, and 

away from the probability of that outcome coming to pass. They propose that 

sensitivity to potential losses is greater when one is in a more positive mood, and 

that such 'cautious optimism' is adaptive in one with more to lose (i. e. insofar as 

having more to lose is reflected in one's positive mood). 25 With regard to more 

negative affective states, the evidence for risk-taking, or otherwise, in depression is 

fairly equivocal (e. g. Hockey et at., 2000; Mitte, 2007; Yuen & Lee, 2003), but 

anxiety, as perhaps one might expect, is commonly associated with risk-aversion 

(e. g. Maner et al., 2007; Maner & Schmidt, 2006; Mitte, 2007). 

A more explicit consideration of the role of affect may also help us understand 

certain impulsive behaviours (i. e. when short-term gain may benefit at the expense 

of long-term interests). 'In general, animals prefer shorter, rather than longer, 

delays to rewards, with an outcome delay of the same magnitude having a greater 

bearing on decision-making if -it' occurs sooner (e. g. reward arriving in 5 or 10 

seconds) rather than later (e. g. reward arriving in 35 or 40 seconds) (e. g. Ainslie, 

1975). Introducing certain affective factors into such models may help better- 

explain various impulsive behaviours: for example, mood can -influence estimates 

of temporal duration, and thus the perceived extent of delays (e. g. Wittmann & 

Paulus, 2008). In addition, when an outcome is likely to happen very soon, and/or, 

when one has sensory contact with it, for example, 'impulsive' behaviour is more 
probable (e. g. Hoch & Loewenstein, -1991). - Furthermore, certain emotional states 

(e. g. hunger, sexual arousal), and certain emotional intensities (e. g. very fearful, or 

very angry), are associated with a higher likelihood of 'impulsive' behaviour (e. g. 

Loewenstein, 1996). So, for instance, if one is very angry,, and there is a face I to 

punch, one might (perhaps inadvisably) punch that face (especially if it belongs to 

the ' person who made you ' angry): here, short-term 'benefits (of retribution,, for 

example) may 'receive disproportionate weight in preference to long-term Costs 

21 More recently, Kliger & Levy (2003) have found a similar correlation between putative mood (as indexed by weather 
conditions, e. g. cloudy, sunny, etc. ) and risk-related behaviour In the capitals market (a real world situation where potential 
losses are, presumably, very large), with better moods associated with greater risk aversion. ' 
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-- --------- - 

(e. g. of police proceedings): this differential weighting was part determined by (a) 

your emotional state and (b) the nature and (both temporal and physical) proximity 

of the outcome; if these had been different, then the consequences may have been 

weighted differently. 

A NOTE ON BIAS AND DISTORTION 

Given that different people, at different times, differ in how they interpret and judge 

the world around them, and that this co-varies with affect, are there any affective 

states and traits which are `most right': i. e. which are associated with a judgement 

and interpretation of the world which is (closest to) an accurate representation of 
the objective facts? For many of the experimental paradigms we've outlined 
above, there is no 'right' or 'wrong' answer: e. g. an ambiguous sentence really 
could mean either of two (or more) different things, at least without further 

contextual cues. Power (1999) calls this observation (i. e. that there are many valid 
ways of looking at the same thing) the "Rashomon effect" after Akira Kurosawa's 
film in which various protagonists offer different versions of the same event. 

In other circumstances, however, it might be possible to say whether a given 'bias' 
is 'realistic' or not. For example, if we're more likely to interpret the emotional 
significance of facial expressions one way or another, or more likely to be 

optimistic, or pessimistic, regarding our chances of winning the lottery (for 

example), these biases can be judged against the facts of the matter at hand: e. g. 
that particular person really was experiencing one emotion, or another, when we 
saw their face (putting aside the possibility they might be e. g. angry and surprised 
at the same time! ), and the statistical chances of winning the lottery on any given 
week are actually known (at least by someone). Some have suggested there are 
'optimistic biases' or 'positive illusions' in 'normal, healthy' individuals (e. g. a 
default tendency to over-estimate the chances of positive outcomes), and a 
'depressive realism' in those experiencing more negative moods (i. e. a depressive 

outlook which, whilst comparatively pessimistic, is closer to the 'truth') (for various 
studies & discussions, see e. g. Ackermann & Derubeis, 1991; Lench & Ditto, 2008; 
Power, 1999; Taylor & Brown, 1988). However, there are plenty of studies which 
have found this not to be the case (e. g. Ben Mansour et al., 2006; Moore & Fresco, 
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2007; Shrauger et al., 1998), and this more generally illustrates the point that the 

relationship between 'realism' and 'bias' rather depends on the conditions in which 

that relationship is tested. For example, Power (1999) distinguishes 'bias' from 

'distortion', noting that "a bias is a proclivity to take one direction over another 

which, under some conditions, will lead to accuracy or realism, but under other 

conditions will lead to inaccuracy or distortion. In contrast, distortion is invariably 

wrong". 

CONCLUDING COMMENTS 

So, we have discussed, in this Introduction, the need for animal welfare science to 

develop objective indicators which are as faithful a correlate as possible to any 

subjective emotional experiences an animal might be having. To this end, a 

number of such measures have been developed; these provide animal welfare 

scientists with very valuable information, but have some important limitations (e. g. 

Mason & Mendl, 1993; Paul et al., 2005). In an attempt to address such 

limitations, Paul et al (2005) have recently proposed investigating the relationship 

between cognition and emotion in non-human animals. The majority of the 

scientific literature pertaining to this relationship has been based on studies of 

humans, portions of which we have reviewed in this Introduction. Hypotheses can 

be generated from this literature which can, potentially at least, be tested in non- 

human animals (Paul et al., 2005). 

In their review, Paul. et al (2005) note, that a dissociation between certain 

physiological components of affect, and subjective experience, has been reported 

in a number. of studies, including those with alexithymics (e. g. Lane et al., 1997; 

Stone & Nielson, 2001 ). 26 If we were to develop proxy measures of subjective 

affect in animals which were -sensitive to changes in some of -the cognitive 

processes we've discussed, are there grounds for supposing they might be a more 
faithful proxy? 

26 Scherer notes that the apparent dissociation between objective physiological indicators and subjective reports of affective 
experience (e. g. Myrtek & Brugner, 1996)... might well be due to the fact that only relatively weak affective experiences, for 
which one might expect little synchronization of the different emotion components (see Scherer, 2001) have been studied so 
far; Le. to the relative Insensitivity of certain measures. 
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Some mechanistic explanations have suggested that felt emotional experiences 

may have a direct effect on decisions and judgements (e. g. the affect as 
information hypothesis (Schwarz & Clore, 1983) we discussed earlier, and also the 

somatic marker hypothesis (Damasio, 1994), and affect infusion model (Forgas, 

1995)). As the initial part of our Introduction suggested, however, even if we were 
to find that non-human animals make decisions, across putative affect, in a manner 

superficially similar to the way in which humans characteristically do when 

employing felt states as an informational resource, that doesn't necessarily mean 
that non-humans are doing the same (although with the accrual of circumstantial 

evidence, we might accept this was likely to be the case). In addition, proving that 

subjective states are causal (as opposed to epiphenomenological) factors in 

human decision-making is a challenging, perhaps intractable, matter (e. g. Castiello 

et al., 1991; Libet, 1985; Paulignan et al., 1990; Wegner, 2003). 

More generally, though, many (if not all) of the papers we have cited which have 

explored affect-related changes in such processes have measured affect using 

self-report instruments (i. e. asking participants, in effect, how they feel; or have 

used clinical populations whose diagnosis would have been based, in part, on such 

self-report measures). Thus even when some of the biases we have reviewed 
have involved 'pre-conscious', 'automatic' processes, those biases nevertheless 

have correlated with a felt state. 

Is this correlation always found, though? A study by Winkielman et al (2005) 

suggests not. Using subtle means (subliminal presentation of stimuli), they 
induced affective change in participants which they were (apparently) not aware of, 
but which were nevertheless reflected in subsequent preference behaviour (the 

amount of a novel drink poured and drank), and also value judgements (how much 
they were willing to pay for the drink). Concluding, as they did, that 'unconscious 

affect' was elicited in this experiment rather depends on whether the self-report 
measure they used was sensitive enough to any felt change, but their study at 
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least suggests that cognitive changes may reflect changes in emotional states 

about which a person (or non-human) is not aware. 27 

More generally, it's likely there are some aspects of cognition which are heavily 

involved in emotional processes (and functionally vary across them), and others 

which are relatively (or perhaps totally) `insulated' (Dalgleish, 2003) - i. e. which 

operate in just the same manner no matter what the affective status of the animal 

is. Somewhat similarly, a considerable amount of cognitive psychology involves 

investigating (cognitive) processes which may not (i. e. they can operate 'on-line' or 

'off-line'), or cannot, be subjectively experienced. However, to the extent that our 

subjective experience has an informational aspect, aspects of our cognition may 

faithfully., correlate . with our consciousness. 28 More generally, increasing 

investigation of, and theorising about, the relationship between cognition, emotion 

and subjective experience will likely chart this territory in a little more detail (e. g. 

Paul & Mendl; in prep.; Tsuchiya & Adolphs, 2007). 

As we have seen, many of the existing experimental paradigms have been based 
on - verbal - tasks, and therefore,. to study affect-related changes in information- 

processing in non-humans, there is a need to develop novel non-verbal tests (Paul 

et al., 2005). To this end, Harding et al 
, 
(2004) investigated 'cognitive bias' in 

rodents, employing a novel paradigm. Since then, and during. the preparation of 
this thesis, a number of other studies, informed by a 'cognitive bias' approach to 

the investigation of affect in non-human animals, have also been published. We 

will discuss some of these in our, general discussion, but will introduce Harding et 

al's study in some detail in the next chapter, before describing three experiments, 
over the next three chapters, in which we adapt aspects of their paradigm. Since, 

the first three experimental chapters (2-4) are closely related, we provide quite a lot 

of introductory information in the first of these (Chapter 2), and later refer back to 

this. when describing our, subsequent studies; as such, Chapters 3&4 are, 

2' See also Adolphs et al (2005) for a study of a lesioned patient who expressed a strong preference between different 
drinks, without being able to perceive their taste, nor being consciously aware of any affective reaction to them (further 
discussed in Tsuchlya & Adolphs, 2007). 
2 Chalmers (1996) calls such a cognitive correlate of 'consciousness' 'awareness': remarking that 'consciousness' Is how 
mind feels, whilst 'awareness' (as he defines It) Is what mind (causally and functionally) does. 
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considerably shorter than Chapter 2. In our final experimental chapter (5), we 
introduce a new paradigm, with a different study species, before concluding, in the 

final chapter (6), with a general discussion. 

As a concluding comment, occasionally in this thesis, we will make predictions 

specific to one species derived from the literature pertaining to another (most often 
humans); a number of such predictions were implicit in our above discussion 

(although we weren't making such inferences at all times), but will be made more 

explicit in subsequent chapters. These predictions will generally concern the 

relationship between affect and cognition, and they will not be accompanied with 
detailed discussion of any analogous anatomical features to support such inter- 

specific speculation. Whilst more generally, the similarities in emotion-related 

anatomy, physiology, and behavioural processes between species is very 
impressive (e. g. Berridge, 2003; Blanchard et al., 2001; Haug & Whalen, 1999), 

considerations of anatomy and physiology are not the main theme of this thesis, 

and we don't justify every cross-species prediction we make by relating it to 

anatomical plausibility. Instead, the plausibility will be derived from a priori 
functional considerations of how human-specific certain relationships between 

affect, cognition and behaviour, are likely to be (as, indeed, we have already 
discussed in places). Operationally, all the study species employed in this thesis 
have discrete cognitive processes, allowing them to remember, attend to things, 
interpret the significance of stimuli, make decisions, and so on. Furthermore, all 
have evolved in an environment where potential threat will likely bring about an 
adaptive response akin to some aspects of human anxiety. Moreover, that 
environment will differ in important ways to the one in which they are presently 
captive; likewise the environment in which modern humans evolved differs in 
important ways to the one in which most of us now find ourselves; that general 
observation leaves open the possibility that relatively basic, adaptive, processes 
resulting from a persistent thwarting of motivations, for example, might manifest in 

more intensely depressive states, or their more frequent occurrence, in an 
phylogenically unprecedented environment. It is these somewhat substrate-neutral 
observations, and an approach which stresses the information-processing aspects 
of basic functional biology, which inform the inter-specific predictions we make, 
always with the caveat that they, of course, may prove ill-specified. 
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CHAPTER 2 

UNPREDICTABLE HOUSING AND JUDGEMENTS OF AMBIGUITY 

IN RATS 

INTRODUCTION 

As briefly mentioned towards the end of the preceding section, Harding et at (2004) 

recently -developed a novel (non-verbal) paradigm designed to measure affect- 

related biases in certain cognitive processes in a non-human animal. In this 

chapter we provide a summary of their study, outline certain issues raised by their 

methodology, and then discuss how these might be addressed by alternative 
designs, such as the one we subsequently employ. 

Harding ý et ' al ' (2004) trained rats to perform two different behavioural responses 

when presented with two different stimuli, using a 'go/no-go' design in which the 

reinforcement schedules differed -qualitatively from each other. In a 'go/no-go' 

design, animals are trained to perform- a behaviour (to 'go') following the 

presentation of a particular stimulus, and to refrain from performing that behaviour 

(to 'no-go') when presented with a different stimulus; =thus, they demonstrate their 

ability to `discriminate between two different stimuli by either engaging, or not 
engaging, in a particular behaviour. 

In their task, the rats were trained to discriminate between auditory tones of 2kHz 

and 4kHz frequency (we'll call these the 'reference' tones); the 'go' response was 

pressing a lever which, when correct (i. e. when elicited in response to the auditory 
tone the experimenter had assigned to it), - was reinforced by the delivery of one 

pellet of food., When the lever, press response was incorrect (i. e. ' when it followed 

the 'wrong' tone), it resulted in the presentation of 30 seconds, of white noise, and a 
= longer fixed interval until the next trial (with its possibility-, of, food-, reward; -the. 

.- assignment of., the two different : tones to the , 'go' 
l' or. 'no-go,, responses were 

counterbalanced across rats, but the same for each rat). So, -the delivery of food 

positively reinforced lever pressing following the presentation of one of the auditory 
tones, whilst avoidance, of, the white noise stimulus, or, avoidance, of the longer� 
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interval before the next trial (or both), reinforced the 'no-go' response of not 

pressing the lever, following the presentation of the other auditory tone 

(alternatively, or in addition, the rat might have simply learnt to not associate that 

particular stimulus with the receipt of food). 29 

When the rats had learnt the task well, approximately half underwent a treatment 

designed to induce a negative change in their affective state; this consisted of a 

series of housing events designed to be mildly stressful (such as a reversal of the 

light cycle, exposure to an unfamiliar conspecific, and so on), delivered on an 

unpredictable schedule. For the remaining rats, in the control group, the 

husbandry regime continued as it had done before (i. e. relatively 'predictable', 

without these events). This treatment was based on the chronic mild stress (CMS) 

procedure developed by Willner and his colleagues to produce `anhedonic'30 states 
in rodents. The CMS procedure involves the application of a range of aversive 

events, delivered on an unpredictable schedule, and as such models some of the 

antecedents implicated in the development of human depression (i. e. experiencing 

stress over a chronic period in a manner which is unpredictable, and 
uncontrollable; e. g. Cabib & PuglisiAllegra, 1996; Willner et al., 1992). 

The treatment lasted for 19 days, during which they received five further training 

sessions, before undergoing daily probe-testing sessions over the last ten days of 
the treatment. In these probe-tests, as well presentation of the 2kHz and 4kHz 

reference tones to which they had been previously trained to respond, three 
different tones of a frequency intermediate to these stimuli were also presented: 
namely 2.5kHz, 3.0kHz, and 3.5kHz; responses to these probe stimuli were not 
reinforced. 

Since, as we discussed in the last chapter, humans in a more negative affective 
state are more likely to interpret ambiguous stimuli as having negative significance, 

29 Or perhaps not learn to associate (i. e. low excitation, rather than high inhibition, of the corresponding associative neural 
networks). 
30 The decreased capacity to experience pleasure of any sort" (Fawcett at al., 1983; cited in Willner, 1997); elsewhere described as a "subsensitivity to reward" (D'Haenen & Andrews, 2000). In the CMS model, anhedonia is operationalised by 
a decreased intake of sucrose (or saccharin) solution (e. g. Willner, 2005). 
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and are more likely to estimate a higher probability of negative events occuring 
(and/or estimate a lower probability of positive events occuring) than humans in a 

more positive affective state, the authors hypothesised that rats in the 

unpredictable housing treatment would be more likely to refrain from pressing the 

lever in response to these probe tones: i. e. to respond to these stimuli as if judging 

them to be the tones associated with the more negative (or less positive) outcome 

of the white noise stimulus. Furthermore, if the rats in this treatment group did 

press the lever following a probe tone, they were predicted to do so more slowly: 
i. e. to have a longer latency. 

Their results provided support for these hypotheses (see Figure 2.1 for a copy of 

their relevant charts): compared to the controls, the rats in the unpredictable 
housing treatment were significantly, slower to press the lever following the food- 

associated tone, and the probe tones near it, during the probe test sessions 
(p<0.05). ; There was also a non-significant trend for the rats in the unpredictable 
housing treatment group to make fewer lever presses when presented with these 

particular tones (p=0.10). A number of concurrent tests were also conducted with 
the subjects, including an elevated, plus; maze test, a 'holeboard' test, a sucrose 

preference test, a food consumption test (time taken to eat 50 pellets of food), and 

also post-mortem measures of aspects of their neurophysiology and neuroanatomy 
implicated in stress-related responses.,; These tests found no significant 
differences" across treatment, apart from the holeboard test, in which the 

unpredictably-housed group made significantly more rears (p=0.038). - 
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Figure 2.1 A copy of the plot of results from Harding et al (2004), charting the proportion of lever 
pressing across probe value in a, and the latency to record a lever press across probe value in b. 
Open circles = control group; filled (black) circles = unpredictably-housed group (+/- 1 SEM). 

Clearly, this was an encouraging result, using a highly innovative new paradigm. 
However, the sample size was relatively low (n=9, in a between-subjects design), 

not all the predictions were satisfied by the findings (e. g. the difference in response 

choice was not significant), and the unbalanced `go/no-go' design, whilst chosen 
for good reasons, introduces difficulties when attempting to interpret the (biological) 

significance of the results. 

An anecdotal example might help us consider this further: the electoral voting 

system in the UK involves making one's choice on a ballot paper on which a 

number of candidates are listed. The level of voter participation has steadily 
declined over the past few years so that, increasingly, those given the right to vote 

are not turning up at ballot stations to do so. As one might expect, there has been 

a considerable amount of speculation as to why this might be the case, with some 

suggesting would-be voters are becoming increasingly apathetic: perhaps not 

caring who is elected to office, or at least not caring enough to make the journey to 

the voting station, or perhaps completely oblivious to the fact that there is an 
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election at all. However, some of the more vocal abstainers have taken affront at 

such suggestions, publicly stating that they don't vote because they don't favour 

any of the particular candidates on offer; i. e. rather than not being engaged, or not 

being interested, in politics, or how their country or locality is governed, they simply 

don't feel any of the available candidates are up to the job: perhaps they don't 

favour their policies, or their personalities. Feeling misrepresented by the voting 

system, they have thus suggested an additional option be placed on the bottom of 

the ballot paper, along the lines of 'none of the above'. This, they feel, would 

clarify the nature of their abstinence: they would be distilled from the larger pool 

containing, among others, those who simply don't care who represents them (or 

don't even know there's an election taking place! ); i. e. they favour a modified 
design which would provide the public with more information regarding the 

significance of such abstinence. 

Whilst not seamlessly analogous, this rather tangential aside nevertheless gives us 
more of an intuitive notion as to pitfalls of interpreting 'generically doing nothing' as 
'specifically meaning something'. In a 'go/no-go' design, rats making a 'no-go' 
response may, like an apathetic voter, be simply uninterested in the task (perhaps 

the possible consequences of engaging with it are less appealing to them, or they 

are generally less attentive or engaged), or they may be less active (perhaps less 

willing to make the journey to the lever, and press it; perhaps they generally move 
around the operant chamber less). In the case of Harding et al's (2004) study, 
then,, there's. a danger of erroneously concluding that _a rat making a 'no-go' 

response is categorising a. probe stimulus as the 'white-noise-associated' tone (or 

making a similar interpretation along these lines), when they simply might be less 

active, or less interested or engaged (in fact, they may even' be 'categorising' the 

probe stimulus as the 'food-associated' tone); i. e. these alternative explanations 
cloud our ability to unambiguously interpret the findings. 

Such confounds are of particular concern in an experiment employing a treatment 

designed to induce a change in affective state: as well as the characteristic biasing 

of certain aspects of information-processing, such changes are also, of course, 

correlated with, or: manifested in, characteristic changes in. a suite of other 
biological systems (e. g. Paul eta!., 2005). '' Some of the most commonly-used 
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criteria for diagnosing depression and anxiety in humans, for example, includes 

changes in motor activity and appetite (in either direction), interest and 

concentration (typically lowered, in the case of depression), anhedonia (in 

depression), and so on (Diagnostic and Statistical Manual of Mental Disorders IV, 

1994). Likewise, animals exposed to stressors designed to induce states 

analogous to certain human affective disorders exhibit changes in locomotory 

activity, sensitivity to putatively pleasurable stimuli ('anhedonia'), feeding 

behaviour, etc. (e. g. D'Haenen & Andrews, 2000; Willner, 1997). Aware of such 

confounds, Harding et al (2004) employed a number of concurrent tests designed 

to gauge such changes, but whilst such supplementary data is undoubtedly useful, 

such measures may not be sensitive enough to detect any real differences, 

especially if the treatment is comparatively mild31; in addition, the validity and 

reliability of such tests are sometimes disputed (e. g. Forbes et al., . 
1996; Reid et 

al., 1997), and when differences are detected (as in the holeboard test they 

employed) the (biological) significance of such findings are not always clear (e. g. 
Paul et al., 2005). 

To eliminate such confounds (or at least reduce their likely effect), one would 

usually employ comprehensive counterbalancing (e. g. Martin & Bateson, 1993). 
Using the example of the design employed by Harding et al (2004), the behaviours 

the animals are trained to perform (or not to perform) in response to the conditional 
stimuli, would normally be counterbalanced: i. e. whilst for half the subjects the 

contingencies would remain as described above, for the other half they would be 

reversed: i. e. the subjects would refrain from pressing the lever (i. e. 'no-go') to 

receive food following the corresponding stimulus, and press the lever (i. e. 'go') to 

avoid the white noise stimulus following the tone associated with that outcome. In 

practice though, it would likely prove very difficult to train rats in such a procedure, 

at least within a realistic timescale. Indeed, Harding (2002) reports a pilot study in 

which she attempted to train rats in such a task: rather than pressing a lever to 

stop, or avoid, the presentation of white noise, though, despite Harding's best 

efforts, the subjects simply 'sat it out'. It may be possible to train rats to make an 

31 The treatment employed by Harding et al was a considerably modified version of a putatively more intense procedure (e. g. 
Willner et al., 1987). 
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active response to avoid a particular event if that stimulus was more aversive32; 

however, this would, of course, take the experiment down a road in which the 

ethical balance of the research programme becomes increasingly unstable. 

Otherwise, one could consider using conditional responses more closely-aligned to 

rats' untrained response to aversive events (e. g. Shettleworth, 1998), such as 

escaping into a recessed hole; however, such qualitative differences in 

reinforcement still leave the design vulnerable to confounds introduced by any 

changes in the utility of the unconditional stimuli across treatment: i. e. in how much 

the experimental subjects value them, or seek to avoid them. 

Here, we attempt to address these concerns by adapting aspects of Harding et al's 
(2004) methodology in an alternative, two-choice design (as indeed recommended 
by the authors themselves in the conclusions to their paper). The protocol we 

employ here. also involves training rats to press a lever following presentation of a 

particular auditory tone to receive one pellet of food. However, when presented 

with a different auditory tone, the subjects are trained to press a different lever to 

receive two pellets of food. 

In an earlier pilot study (see Appendix A, p. 310), we found that rats preferred to 

press a lever reinforced with two pellets of food, than to press one reinforced with 

one pellet of food. This intuitively reasonable finding agrees with a variety of other 

studies, which have also found similar patterns of preferential responding across 

reinforcer magnitude in rodents (e. g. Ito, -, 1985; Reed, 1991); for example, Logan 
'(1965) found that rats preferred to make a choice reinforced with a larger amount 

of food even when the delay until post-choice receipt of that food was greater than 

that -following the alternative choice reinforced with a smaller food amount; he 

found that the larger the difference in reinforcer magnitude, the larger the delay. 

Whilst in pilot testing, Harding (2002) found that the rats did exhibit some freezing and flight behaviour when initially 
presented with white noise at 70dB, elsewhere duration of white noise at 75dß has been used in tests of temporal 
discrimination in rats (Church et al., 1991), with no reported aversive qualities, and likewise for tones (delivered by Sonalert 
apparatus) delivered at higher intensities, such as 93dß (M. S. Matell, personal communcation). - 
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could be before the rats switched their preferential choice back to the smaller food 

amount. 33 

So, in this modifed design, a difference in the value between the reinforcement 

schedules is maintained, but these now differ quantitatively as opposed to 

qualitatively: this reduces the risk of a change in the utility of the unconditional 

stimuli confounding the results, and also facilitates a 'two-choice' design: i. e. one in 

which subjects are presented with a number of discrete options to 'record their 

choice'. In doing so, we bring the design closer to our 'modified ballot paper' 

example, above, although it's important to note a few important differences. By 

employing a timed cut-off point for responding34, a 'two-choice' design could allow 

for two different, active responses (e. g. press left lever, or press right lever), and 

also, separately, a 'no response' option (in which no lever press recorded within 
the pre-defined timescale). However, in effect, our design dispenses with this, 

employing a procedure in which subjects can only progress to the next trial if they 

perform either of the responses (i. e. press either lever). Whilst not a 'forced 

choice' (the subjects were free to do nothing, although were, perhaps, unlikely to 

do so, given their sessions could be up to an hour long, and there was no other 
food available), in our electoral analogy, this would, in effect, be 'compulsory 

voting'35. Whilst we dispense with a 'no response' option (the data from which may 

actually be of some interest), by 'forcing' the animals to record a choice, we 

potentially glean more information regarding their judgements (the utility of 'forced- 

choice' procedures is well-recognised in the human psychological literature: for 

example, when 'forced' to respond, uncertain participants often perform above 
chance (e. g. Azzopardi & Cowey, 1997)). 

In addition to these design modifications, we employ a larger sample size (n=16), 

use a repeated-measures design, employ a wider range of probe values, with 
additional sessions presenting probe stimuli of a different design, and adopt a more 
extensive, flexible method of statistical analysis. Otherwise, we employ a 

33 Richards et al (1997) found a similar pattern, again with rats, using water as reinforcement. 
34 As Harding et al did (10 seconds). 

Another option some social commentators have recently advocated! 
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treatment very similar to that used by Harding et al, and we also conduct a number 

of concurrent tests. Our experimental hypotheses remain the same: rats 

undergoing a treatment designed to induce a negative change in affective state 
(namely, a series of unpredictable housing events), will be less likely to respond to 

ambiguous probe stimuli as if judging them to have the better outcome of two 

pellets of food; in addition, we hypothesise that their presses on the lever 

associated with the larger quantity of food will be slower than the control group, 

and vice versa for presses on the lever associated with the smaller quantity of 
food. 

Please note that in subsequent sections, we take our lead from others (e. g. 
Harding et al., 2004; Matheson et at, 2008), and operationalise 'optimism' as an 
increased probability of pressing the lever associated with two pellets of food (and 

vice versa for 'pessimism'). 

METHOD 
.. 

Overview 

16 rats were trained to criterion on a two-choice operant discrimination task, with 

differential, food reinforcement: i. e. they were trained with food reinforcement to 

reliably perform one type of response when presented with one type of stimulus, 

and to- perform a different type of response when presented with a different 

stimulus; see Figure 2.2 for a schematic summary. Following presentation of a 

stimulus, the amount of food they received when they performed the corresponding 
('correct') response differed between the two stimuli, but was always the same for 

each, otherwise, they received no food if they, performed the response not 

corresponding, to that particular stimulus (the 'incorrect' response). The two 

responses (the conditional responses, or CR) were a press on a lever to the left, or 

a lever to the right of the food delivery bowl; the two stimuli (the conditional stimuli, 

or CS) were auditory tones of 2 or 4kHz; and the - two different amounts of 

reinforcement (the unconditional stimuli, or US) were 1 or 2 pellets of food. 
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The following assignments were counterbalanced: 

Tones X/Y= 2kHz or 4kHz Levers X/Y= left or right 

X/Y Pellets =1 or 2 Pellets 

Tone X Tone Y 

Press Press Press Press 
lever X lever Y lever X lever y 

Get Xpellets No food Get Y pellets 
of food of food 

Figure 2.2 Schematic diagram summarising the two-choice operant discrimination task the subjects 
were trained to perform. 

Once trained in this task, they were then presented with a series of `probe' stimuli: 

namely, auditory tones which differed in some way from those with which they had 

been trained, and their responses to these, with respect to their choice of lever 

pressed and their latency to do so, were recorded. Some of these probe stimuli 

were single tones of a different frequency to those with which they had been 

trained (e. g. 1.6kHz, 3.2kHz, etc.; hereafter, we refer to these as `single-frequency' 

probes; Figure 2.3), whereas others consisted of the two training tones (i. e. 2kHz 

and 4kHz) played together (we'll refer to these as 'dual-frequency' probes; Figure 

2.4). 
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Probe Tone X Probe Probe Probe Tone Y Probe 
tones tones tones tones tones 

X or Y? 

Press Presst 
r Press Press 

lever X lever Y lever X lever Y 

ts Get Xpellets No food Get Ypelle 

of food of food 

Figure 2.3 Schematic diagram summarising the single-frequency probe test. 

Dual 
Tone X probe Tone y 

stimulus 

1, 
XorY? 

Press Press Press Press 

L lever X lever Y lever X lever 

Get Xpellets No food Get Y pellets 
of food of food 

Figure 2.4 Schematic diagram summarising the dual-frequency probe test. 
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All the subjects were presented with these probe stimuli on two occasions: once 

before (Phase 1), and once during (Phase 2) a treatment designed to induce a 

change in their affective state, namely a period of unpredictable housing; half the 

rats underwent this treatment, and are hereafter referred to as the UHT 

(unpredictable housing treatment) group, those who did not receive this treatment 

are referred to as the Control group. Hereafter, we will refer to the first day of the 

treatment as Day 1. 

A variety of other measurements were also taken during the course of the 

experiment; depending on the nature of these measures, some were taken a 

number of times, some only once. See Figure 2.5 for a summary of the 

experimental schedule. These included: 

" measurements of bodyweight; 

" rats' preference for drinking a sucrose solution over water (as mentioned 

earlier, the sucrose preference test was developed as an indicator of 

anhedonia in rodents (Willner et al., 1987), and has been widely used since 
(as reviewed in, for example, Willner, 2005)); 

" the time they took to eat a certain amount of food (this task has previously 
been employed by Harding et al (2004) as a test of feeding motivation (after 
Abeyesinghe, 2000)); 

" the number of times they pressed a lever to receive food, with the number 
of lever presses required to receive food increasing each time food was 
delivered (such progressive schedules have been employed elsewhere as 
indicators of food motivation (e. g. Bokkers et al., 2004; Ferguson & Paule, 
1997; Schutz et al., 2006)). 

" their behaviour on an 'elevated plus maze' (widely used as a measure of 
anxiety (for reviews see, for example: Carobrez & Bertoglio, 2005; Waif & 
Frye, 2007)); 
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" their behaviour in an 'open field' arena, and their behaviour in the 'open 

field' arena once a novel object had been introduced (the open-field test, 

and the novel object test, are often used as measures of anxiety-like 
behaviour (e. g. Heisler et at., 1998; Prut & Belzung, 2003; van Gaalen & 

Steckler, 2000)). 

The training stimuli (2kHz or 4kHz), responses (left or right lever), quantity of food 

reinforcement (1 or 2 pellets), experimental room in which the operant training and 
testing took place, - and treatment group were all counterbalanced. When we later 

make reference to contingency groups, this refers to the counterbalancing of 
training stimuli (2kHz or 4kHz) with quantity of food reinforcement (1 or 2 pellets): 
those in which reinforcement with 2 pellets of food was associated with the 2kHz 
tone (the 2kHz=2pell group), and those in which it was associated with the 4kHz 
tone (the 4kHz=2pell group). 

--"# ; 
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Figure 2.5 A summary of the experimental schedule. 
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Subjects and housing 

Experimental subjects 

The experimental subjects were 16 male Lister hooded rats (Rattus norvegicus; 
Harlan UK Ltd., Bicester, UK); they were 25 weeks old at the start of magazine 
training, and were experimentally-nalive. The rats were housed in stable pairs, in 

cages measuring 56cm (L) x 34cm (W) x 19cm (H), with a 12: 12 hour lights on: off 

cycle (lights off at 9am). The cages contained sawdust bedding (Lignocel), 

shredded paper for nesting, a shelter and a chew block, and were cleaned on the 

same morning each week. They had ad libitum access to food (Eurodent Diet 

22%) and water. 

Social stimuli subjects 

Six male Lister hooded rats provided the social stimuli in the unpredictable housing 

treatment. Previously, they had been subjects in a variety of other experiments 
(including the food preference pilot described in the Appendix). At the start of the 

unpredictable housing treatment they were 16 months old. 

All the rats (both experimental, and social stimuli) were checked daily for health 

throughout the experiment. 

Two-choice operant discrimination training 

Overview 

After initial magazine training, all the rats were trained in a two-choice operant 
discrimination task until they reached a criterion of performance at which they were 
considered to have learnt the task well. Once the last subject had reached this 

criterion, aspects of the task design were changed so that it more closely 
resembled that of the probe testing sessions (M. Bateson, personal 
communication): once the rats had undergone a number of additional sessions with 
this modified design, they underwent probe testing. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

All training was conducted during the dark phase of the rats' lighting schedule. The 

rats were trained individually, and each received a maximum of one session per 
day. The daily order in which they were trained was counterbalanced across 
treatment group. Initially, rats in the same homecage were trained sequentially, 

with the order of training within a homecage alternating between training days. 

However, once the last rat had reached criterion, this was changed so that 

cagemates were trained simultaneously. 36 

To remove odours, the cage was cleaned with 70% ethanol solution prior to each 

rat's session, and the sawdust was replaced with fresh bedding. 

Apparatus 

Two operant chambers, of identical design, were used, in two different 

experimental rooms. The operant chamber, as pictured in Figure 2.6, measured 

52cm (L) x 30cm (W) x 35cm (H). Three of the walls and the floor were metal (the 

latter was covered with sawdust bedding (Lignocel)), the long rear wall was 
Perspex, and wire mesh covered the ceiling. A food hopper was located centrally 

on the long metal wall (3.5cm above the floor), with a retractable lever on either 

side (4cm away from the side of the trough, 8cm above the floor). The chamber 

was illuminated with a 1.12W white light bulb. A water bottle hung at the rear of 
the chamber. The house light, levers and pellet dispenser were manufactured by 

Coulbourn Instruments (Allentown, PA, USA). The operant chamber and food 
hopper were custom-made. The hopper delivered Bioserv (Frenchtown, NJ, USA) 

Dustless Precision Pellets (45mg). 

35 Since the pre-existing schedule meant some rats received a period of solitary housing prior to their operant session, which 
may have Induced a change in affective state, this revised schedule was preferred. 
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Figure 2.6 The operant chamber, minus the wire mesh ceiling (and the speaker(s), house light, 
and water bottle attached to it). The retractable levers can be seen either side of the food hopper, 
which dispensed food pellets stored in the carousel above. 

For all training sessions and single-frequency probe sessions, a single speaker 
(Coulbourn Instruments) was placed centrally, at ceiling level above the food 

hopper, facing down into the chamber. For all dual-frequency probe sessions two 

speakers were placed in approximately the same location, adjacent to each other 

on the midline of the chamber. Tones were produced by a programmable tone 

generator (A12-33, Coulbourn Instruments): the Hertz frequency output of these 

units was calibrated to 1% accuracy using a Vision 8-Channel Data Acquisition 

System (LDS Test & Measurement Ltd, Herts., UK). The volume of the speakers 

was adjusted so the tonal intensity was 70dB at the approximate location of a rat's 

ears when he was sitting between the levers, in front of the hopper. 

The house light, levers, pellet dispensers, tone generators and speakers were 

operated by Graphic State (v3.02) software (Coulbourn Instruments). 
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Magazine-training 

All rats received 6 sessions of magazine training. Each session started with the 

presentation of one lever37 which, if pressed, resulted in the immediate delivery of 

one food pellet. If 10 lever presses were made, the lever was retracted, and the 

other lever was presented and reinforced on the same schedule. This alternating 

pattern continued until the rat had made 60 lever presses, or 60 minutes had 

elapsed, whichever came first. In addition, regardless of any lever-pressing, a 

parallel schedule was in operation in which the active lever retracted for one 

second prior to the automatic delivery of one food pellet. For the first three 

sessions, this autoshaping procedure occurred every minute, for the final three 

sessions it occurred every 3 minutes. This magazine training procedure was 

based on Mattel & Meck (1999). 

In the final session of magazine training, all rats pressed the levers 60 times, and 

each ate all the pellets dispensed (bar two rats who left one each). 

Two-choice operant discrimination training, with differential reinforcement 

In a training session lasting 40 minutes, each rat was presented with a series of 
trials consisting of a two-second presentation of an auditory tone (either 2kHz or 
4kHz), followed by the presentation of both (free-choice) or one (forced-choice) 

lever(s); as soon as the rat pressed a lever (assuming it did before the session 
terminated), the lever(s) were retracted, and food was delivered as appropriate. By 

default, the trials were free-choice, and each auditory tone (2kHz or 4kHz) had an 

equal probability of being presented. If the rat pressed the 'correct' lever (i. e. the 

one designated by the experimenter as corresponding to that stimulus), either 1 or 
2 pellets of food were delivered, depending on the identity of the auditory tone. If 

the rat pressed the 'incorrect' lever, the following trial was forced-choice: i. e. the 

same auditory tone was played again, and only the 'correct' lever was presented. 
The inter-trial interval (ITI) was 30 seconds. 

37 Either left or right; for each rat, the position of the first lever presented alternated between sessions, and the position of the 
first lever presented in the first session was counterbalanced with respect to future group assignment. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

The rats received one session per day, with an occasional day off, until they 

reached criterion. Criterion was defined as three consecutive sessions in which 

performance in free-choice trials was significantly greater than chance, as judged 

by a binomial test, for each trial type (e. g. Harding et al., 2004). Once a rat had 

reached this criterion, it received two further sessions over the next two training 

days, before the amount of training it received was reduced to a lower rate (once or 
twice per week, depending on its performance38) until the last rat had reached 

criterion39. 

Once all -the rats had reached criterion, the design of the operant task was - 
changed so that it more closely resembled the probe sessions: namely, the forced- 

choice trials were dropped, the probability of reinforcement following a correct 

response was reduced to 0.75, and the ITI was decreased to 15 seconds. To 

guard against long sequences (i. e. runs) of the same trial type, the selection of 
trials was pseudorandomised, into blocks of eight trials. Each block consisted of 
three reinforced trials for each tone, and one non-reinforced trial for each tone. 
Trials were selected, at random, from this list, without replacement; when the last 

trial had been selected, selection began from the next block, which was of exactly 
the same composition as the last. 

The rats underwent a few more sessions with this modified task40 before probe- 
testing commenced, including on each of the two consecutive days before probe- 
testing in PhaseI (i. e. at 'baseline'), and over the three' consecutive days before 

probe-testing began in Phase 2 (Days 16-18 of the treatment). See Figure 2.7 for 

a summary of the final training protocol. 

38 Each rat received one session per week, unless it failed to perform above chance (as judged by a binomial test) for both 
auditory tones in a given session, or for one tone only for two sessions in a row, in which case the frequency increased to 
twice per week, until the rat performed above chance for both auditory tones, at which point the reverted back to frequency 
of training sessions reverted back to once per week. 
39 Since the unpredictable events in the unpredictable housing treatment (UHT) took place in cages other than the rats' 
homecage, it was thought best to start the treatment after all the rats had reached criterion: otherwise, if a rat who was still 
being trained was pair-housed with a rat in the UHT group who had reached criterion, and whose treatment had therefore 
commenced, the former rat would have prolonged periods of pre-treatment solitary-housing whilst the latter underwent the 
unpredictable events. 

40 Again, the number of sessions a rat received depended on its performance; unfortunately, due to problems with the 
building in which the rats were housed, we couldn't immediately commence the probe-testing and treatment phase. , 
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Figure 2.7 Flow chart summarising the final two-choice operant discrimination training protocol. 
The probabilities stated here refer to the session as a whole. 

Single-frequency probe testing 

The rats received three sessions of single-frequency probe testing, on three 

consecutive days, both at Phase 1 (i. e. at `baseline', before the treatment had 

begun) and at Phase 2 (Days 19-21 of the treatment). Sessions terminated after 

156 trials, or 60 minutes had passed, whichever came first. All tones were 

presented for two seconds. In 50% of the trials, the reference tones were 

presented (2kHz & 4kHz, with equal probability). Otherwise, one of 13 probe tones 

was presented (again, with equal probability). The probe tones ran from 1.6kHz to 

4.4kHz in 200Hz increments (not including the reference frequencies), meaning 

there were nine probe tones of a frequency intermediate to the two reference 

tones, and two at either far end. All trials were free-choice (i. e. both levers were 

61 



presented following the 2-second tone); once a response had been made, both 

levers were retracted, the 15-second ITI commenced, and food was immediately 

delivered, if appropriate. Responding in probe trials was never reinforced. All 

correct responses to the reference tones (2kHz & 4kHz) were reinforced (with the 

same differential (1 pellet /2 pellet) schedule as in training), except for a subset of 

reference trials which occurred with the same probability as trials for one probe 
tone, for which responses were never reinforced. Trial sequences were arranged 
into three blocks of 52. Within each block, trials were selected at random from a 
list (of the same composition in each block), without replacement. See Figure 2.8 

for a summary of the single-frequency probe testing protocol. 
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Figure 2.8 As Figure 2.7, but summarising the protocol for the single-frequency probe test 
sessions. 
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Dual-frequency probe testing 

The rats received one session of dual-frequency probe testing, the day following 

the last single-frequency probe session, both in Phase I and Phase 2 (Day 22 of 

the treatment). The session ended after 30 minutes had passed, or 64 trials had 

been completed, whichever came first. All tones were presented for two seconds, 

and the ITI was 15 seconds. In 50% of trials, a single reference tone was 

presented (i. e. either 2kHz or 4kHz, with equal probability). In these trials, the tone 

was produced from one speaker only; for each reference tone, half the trials were 
from the left speaker, half from the right. In the other 50% of trials, both reference 

tones were presented simultaneously, one from each speaker; in these probe 
trials, each tone-speaker combination occurred with equal probability. Responses 

to probe trials were never reinforced. Correct responses to reference trials were 

always reinforced (with the same differential (1 &2 pellet) schedule as in training), 

except for a subset of reference trials (25%; i. e. 12.5% of all trials), which were not. 
Trial sequences were arranged into two blocks of 32. Within each block trials were 

selected at random from a list (of the same composition in each block), without 

replacement. See Figure 2.9 for a summary of the dual-frequency probe testing 

protocol. 
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Figure 2.9 As Figure 2.7, but summarising the protocol for the dual-frequency probe test sessions. 

Concurrent tests 

All concurrent tests were conducted in the dark phase of the rats' lighting schedule 

(see Figure 2.5 for a summary of their timetabling). 

Bodyweight 

The rats were weighed, in counterbalanced order, once before, three times during 

(on Days 7,14 & 21), and once after the treatment (on the day following its 

termination). 
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Individual sucrose preference test 

Each rat was placed in a test cage with Lignocel bedding, shredded paper, ad 

libitum food (Eurodent Diet 22%), and two drink bottles: one containing water, the 

other 1% sucrose solution. Each filled drink bottle was weighed just prior to the 

test, and their starting position (i. e. left or right-hand side of the cage) was 

counterbalanced across treatment. After 90 minutes, the drink bottles were 

weighed and placed back in the test cage in a reversed position. The bottles were 

again weighed after another 90 minutes, when the test ended. These tests were 

conducted twice: once before the start41, and once at the end (Day 28) of the 

treatment phase. 

Homecage-based sucrose preference test 

The Individual Sucrose Preference Test, described above, involved moving all rats 

into test cages, and it is possible that the resulting novelty and isolation may have 

induced a negative change in affect; i. e. it may have been a stressful event. Since 

we wished to conduct sucrose preference tests with all subjects during the 

treatment phase, and wished to minimise any such disruption to the Control group, 

we therefore also conducted sucrose preference tests in the rats' homecages. 

The rats remained in their pair-housed homecages, which were unchanged except 
for their water bottles being removed at the start of the test and replaced with two 
drink bottles, one containing water, the other 1% sucrose solution. The procedure 
thereafter was the same as for the Individual test described above, except that the 
bottles were weighed and reversed after 4 hours, with the test lasting a total of 8 

hours. 

" Following probe-testing conducted during measurement phase 1. 
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These tests were conducted once before the start42, on two occasions during 

(Days 7& 14), and once at the end, of the treatment phase (on the day following its 

termination). 

Time taken to eat 50 pellets of food 

Rats were tested individually, in their homecage; their cagemate was removed to a 

holding cage during the test. The shelter and chewblock were removed, and a 

brown bowl containing 50 food pellets (as used in their operant training and testing) 

was placed in the centre of the cage (the bowl was washed with 70% ethanol 

solution, then dried, prior to each trial). The time from when they first took a pellet 

into their mouth until all were eaten was recorded. This test rat was then swapped 

with his cagemate in the holding cage, who was then tested in an identical manner. 
At the end of the test, the shelter and chewblock were replaced, and both rats were 

returned to their homecage. Order of testing was counterbalanced across 

treatment group., These tests were conducted twice: once before the start 43, and 

once at the end, of the treatment (on the day following its termination). 

Lever-based progressive ratio test with food reinforcement 

Rats were tested individually, in the operant chamber used for their discrimination 

training and probe-testing. The session started with the, '2-pellet' lever (i. e. the 

lever on which correct responses in their operant training and test sessions had 

been reinforced with 2 pellets of food) being presented.. The first lever press 

resulted in the immediate delivery, of 2 pellets, and thereafter presses were 

reinforced on a progressive ratio of 5 (PR5), starting with 5 presses (i. e. 2 pellets 

were delivered after 5, then a further 10 (total presses: 15), then a further 15 (total 

presses: 30), etc. presses). If no reinforcement took place for 5 minutes, or 60 

minutes elapsed, the session terminated. 

42 Prior to probe-testing conducted during measurement phase 1. 

43 Following probe-testing conducted during measurement phase 1. 
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The test was administered once, towards the end (Day 24) of the treatment phase. 
One of the subjects in the Control group was excluded from this task due to ill- 

health on the test day. 

Elevated plus maze (EPM) 

The elevated plus maze (Coulbourn Instruments) was raised 55cm from the floor, 

and consisted of 4 arms at right angles to each other, connected by a central hub 

allowing the rat to move between them. Each arm was 50cm long, and 10cm wide. 
The two 'closed' arms were on opposite sides of the hub, and had vertical walls, 
30cm high, either side of the runway (but not at the terminal end). The other two 

arms were 'open', and had no walls, although they did have a small raised edge. 
The maze was made of black, opaque Perspex, and was evenly-illuminated (to our 

eyes) by two 60W red lights directed towards the ceiling corners of the 

experimental room. 

The walls and runways were sprayed with 70% ethanol solution, and then wiped 
dry, prior to each rat's test. Rats were tested individually, in a counterbalanced 

order. Each rat was placed in the centre, facing the same closed arm, and was 
filmed for 5 minutes, at which point the test ended. 

The video recordings were analysed by a volunteer who was otherwise not 
involved with the experiment (except for analysing the video data in the Open Field 
Test with Novel Object, described below) and who was blind to treatment 

assignment, using Observer (v5.0) software (Noldus, Wageningen, The 
Netherlands). The rat's location in the arena (central hub, each open arm, each 

closed arm) was recorded, with the rat judged to have entered an area when all 
four paws were in it. From these observations, the total number of crossings 
across area boundaries, the percentage of test session time spent in the open 
arms, and the latency to first enter an open arm, were calculated. In addition, the 
percentage of test session time spent performing each of the following behaviours, 
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together with the number of discrete bouts of each, was recorded: grooming, 

rearing44, and head dipping from the open arms45. 

The test was administered once, at the end (Day 28) of the treatment phase. 

Open field test, with a novel object 

The open field was a square, Perspex arena, with white, opaque walls and floor, 

and a transparent roof. The walls were 30cm high, and 65cm long. A transparent 

plastic food container filled with sand constituted the novel object. It was square, 

with a sealed lid, and measured 6cm high, and 11cm long. The arena was evenly- 
illuminated (to our eyes) by a 60W red light positioned centrally above it, directed 

towards the experimental room's ceiling. 

Both the arena and novel object were sprayed with 70% ethanol solution, and 

wiped dry, before each rat's session. Rats were tested individually, in a 

counterbalanced order. Each rat was placed into the empty arena in the same 

corner, facing the centre, and then filmed for 15 minutes. After the first 10 minutes, 

the novel object was placed in the centre, of the arena. The first 5 minutes 

constituted the open field test, the final 5 minutes the novel object test (i. e. an 

object of relative novelty was placed in an environment of increasing familiarity; 

e. g. Francia et al., 2006; Popovic et al., 2004; Powell et al., 2004). 

The video recordings were analysed by the same volunteer who analysed the 

EPM, again blind to treatment assignment, using Observer. (v5.0) software. 

For the open field test, the rat's location in the arena (divided into nine squares of 

equal area: one central and eight peripheral46) was recorded, with the rat judged to 

have entered an area when all four paws were in it. From these observations, the 

" Both 'supported' rearing, with forepaws on the maze walls, and 'unsupported' rearing, with forepaws not touching the 
walls. 
16 Defined as exploratory movement of head and/or shoulders over the edge of the maze. 
4e This was done post-hoc, i. e. traced on the screen showing the footage from the test, rather than marked out on the test 
arena floor itself. 
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total number of areas entered, and the percentage of test session time spent in the 

central area of the arena, was calculated. In addition, the percentage of test 

session time spent grooming, and the percentage of test session time spent 

rearing47, were also recorded, together with the number of discrete bouts of each. 

For the novel object test, the arena was divided differently, into a central square 
(43cm long, containing the novel object with an 11 cm boundary of floor space 

surrounding it) and the remaining peripheral area. The rat's location during the test 

session, with respect to these two areas, was again recorded, using a 4-paw 

criterion. From these observations, the percentage of test session time spent in 

the peripheral area (i. e. away from the novel object) was calculated. 

These tests were administered once, at the end (Day 27) of the treatment phase. 

Unpredictable housing treatment 

After the completion of all phase I tests, half the rats underwent unpredictable 

changes in their husbandry regime designed to be mildly stressful (the 

unpredictable housing treatment, or UHT. This procedure was devised by Harding 

et al (2004) to model stressful events which might occur as part of a (very 

negligent) lab husbandry system (as mentioned earlier, this was, in turn, adapted 
from the chronic mild stress procedure; Willner, 2005; Willner et al., 1987). 

The treatment lasted for 28 days, and consisted of five different husbandry events 
which could occur at any time during the dark phase of the rats' lighting schedule. 
These events, and the maximum frequency with which they could occur, are 
summarised in Table 2.1. No more than two events occurred on any given day, 

and they did not overlap. All UHT rats underwent these events individually, in a 
clean test cage, except for the unfamiliar homecage event, which took place in an 
unfamiliar conspecific's homecage: in this instance, the cage was monitored, and 

� Both 'supported' rearing, with forepaws on the maze walls, and 'unsupported' rearing, with forepaws not touching the 
walls. 
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the event terminated if damaging aggression was seen to occur48. In the unfamiliar 

odour event, the cage had been vacated in the preceding 15 minutes by an 

unfamiliar conspecific resident in there for at least one hour. During the treatment 

phase, UHT events did not occur during an interval of two hours duration preceding 
behavioural testing/training, nor during an interval of two hours following the end of 

such training/testing. 

Unpredictable Housing Event Max. duration 
(hours) 

Max. frequency 
(per week) 

Wet bedding: 
Bedding dampened with 100ml water. 12 1 

Unfamiliar odour: 
Placed in cage containing unfamiliar 4 3 

conspecific's odours. 
Cage tilt: 
Tilted by 300. 7 2 

Unfamiliar homecage: 
Placed in homecage of unfamiliar conspecific 2 3 
(whilst present). 
Light cycle reversal 
Taken from dark to light environment. 2 3 

Table 2.1 Summary of events in the unpredictable housing treatment (UHT). 

Data analysis 

Overview 

To aid interpretation of some of the 
, analyses, and to better characterise the 

psychophysical properties of the stimuli, the single-frequency probe values were 

converted into a standardised scale; we describe this below. 

Furthermore, the lever, choice and latency, data from the single-frequency probe 

sessions were analysed using multilevel multiple regression models using MLwiN 

'° A number of aggressive encounters were seen to occur: these were generally quickly resolved, and appeared not to be 
physically damaging. However, on two occasions, the treatment was terminated due to concerns for the rats' physical 
welfare as a result of aggressive interactions taking place; on one of these occasions, it was the experimental subject who 
was judged to be the main aggressor, whilst on the other occasion it was the social stimulus rat. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

2.02 (Rasbash et al., 2005). This was subsequent to exploratory analyses using 

repeated-measures ANOVAs (using SPSS 14.0), described in Appendix C. We do 

not present both types of analysis in the Results section, for the sake of brevity, but 

it is good practice, when developing such multilevel models anew, to cross-check 

with alternative analytical approaches, for example to guard against errors in 

model-specification (e. g. Rasbash et al., 2005). This will ultimately allow us to use 
the more complex (but potentially more informative and flexible) multilevel analyses 

with some confidence, both in this, and subsequent, chapters. Thus, we refer to 

the corresponding repeated-measures ANOVAS when summarising our multilevel 

analyses in the Results section. Below, we introduce our multilevel modelling 

procedure. 

All other analyses were conducted in SPSS 14.0, and all met the assumptions of 

the statistical procedures used, except where we highlight an issue. When 

conducting repeated-measures ANOVAs with a within-subjects factor which had 

more than 2 levels (i. e. k>2), we follow the advice of Quinn & Keough (2002), and 

reject the null hypothesis if either the adjusted univariate output, or the multivariate 

output, reports significance at the 0.05 level. 49 We present a summary of our 

results at the end of each subsection. 

Converting the single-frequency probe values into a standardised scale 

To aid analysis, the tonal frequency values of the stimuli used in the single- 
frequency probe test sessions (ranging from 1.6 - 4.4kHz, at 0.2kHz intervals) 

were log-transformed onto a scale which was standardised around the quantity of 
the associated food reinforcer, so that the values of "1" and "2" on the resulting 

scale corresponded to the tonal frequencies (2kHz or 4kHz, depending on the 

counterbalanced contingency group) associated with one and two pellets of food, 

respectively. The scale was designed so that the intervals between probe and 
reference stimuli increased in magnitude as the tonal frequencies (kHz) to which 

'° The output in SPSS provides a formal test of sphericity (Mauchly's), but this is not reliable when the assumption of 
multivariate normality is not met, and therefore Quinn & Keough follow others' recommendations in routinely Inspecting, and 
reporting, only the output which does not assume sphericity. When the between-subjects factor has only 2 levels (i. e. k=2), 
sphericity is not an issue as the assumption is always met, although it is still necessary to check for homogeneity of variance, 
and we do so (e. g. Field, 2000). 
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they correspond decreased in value, resulting in a closer fit to the likely 

psychophysical character of the auditory stimuli used50. See Table 2.2 and Figure 

2.10 for numerical and graphical representations of this scale, respectively, and 

Appendix B (p. 316) for details of how the scale was derived. 

Original 
kHz 

4kHz =2 pellets 
group 

2kHz =2 pellets 
group 

1.6 0.68 2.32 
1.8 0.85 2.15 
2.0 1.00 2.00 
2.2 1.14 1.86 
2.4 1.26 1.74 
2.6 1.38 1.62 
2.8 1.49 1.51 
3.0 1.58 1.42 
3.2 1.68 1.32 
3.4 1.77 1.23 
3.6 1.85 1.15 
3.8 1.93 1.07 
4.0 2.00 1.00 
4.2 2.07 0.93 
4.4 2.14 0.86 

Table 2.2 Log-transformed scales (in italics), standardised around reinforcer value, for each of the 
tonal frequency / food quantity contingency groups. 

60 The perceived difference between two auditory tones will likely depend on the absolute value of those stimuli. For 
example, the difference between 1.6kHz and 1.8kHz will be perceived as being of a different magnitude compared to the 
difference between 4.2kHz and 4.4kHz, even though each pair of stimuli are separated from each other by the same 
difference in Hertz (e. g. Moore, 2004). The just noticeable difference Und; i. e. the lowest difference in value which can be 
reliably perceived between stimuli) between two tonal frequencies is a reasonably constant proportion (a. k. a. Weber ratio) of 
absolute tonal frequency across a range of values in rats (Syka et al., 1996; Talwar & Gerstein, 1998); as such, at 4kHz, the 
jnd will be a difference in Hertz value approximately twice as great as that at 2kHz. Therefore, log-transforming tonal 
frequency provides a scale along which the resulting intervals are likely to be a closer representation of the perceived 
differences between stimuli. Indeed, this is a convention in keeping with the octave scale for pitch, and decibel scale for 
loudness (e. g. Yost, 2000). 
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Figure 2.10 Values on a standardised scale corresponding to the tonal frequencies presented to 
the rats in the single-frequency probe test sessions (blue diamonds: 4kHz =2 pellets contingency 
group; purple squares: 2kHz =2 pellets contingency group). 

Multilevel analysis of the single-frequency probe session data: overview 

Analyses of the lever choice and latency data from the single-frequency probe 

sessions were conducted in MLwiN. For certain analyses, multilevel51 procedures 

have benefits over more conventional methods, because they more adequately, 

and efficiently, model the effects of any hierarchies or clusters in the data. Such 

effects may be of scientific interest in themselves, but also if they are ignored, or 

confounded, there is a risk that erroneous conclusions may be drawn (e. g. 
Goldstein, 2003; Rasbash et al., 2005). More generally, adopting such an 

approach may yield an analysis which is in some aspects more informative and 

flexible, allowing us to model a larger dataset, and uncover or clarify effects which 

may be hidden in an aggregation analysis in which a large number of datapoints 

are collapsed into a few (e. g. Nezlek, 2001; Quene & van den Bergh, 2004). This 

approach will also prove useful in subsequent chapters, when we test a wider 

51 Also known as 'random effects models', since at each of the levels, the units (the various trials or subjects, in the case of 
our dataset) are conceptualised as being a random sample from a larger population (of trials and subjects, respectively), and 
it is these larger populations about which the model makes its inferences. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

range of factors, such as previous treatment group assignment. In this chapter, we 

introduce these models in some detail; this will allow us to present our analyses 

more briefly in later chapters. 

In the case of our dataset, there were two hierarchical levels: the individual trials 

(i. e. each occasion a rat is presented with an auditory tone, then a choice of levers 

to press) which are at the lowest level of the hierarchy (Level 1), and the individual 

subjects (i. e. the individual rats) which are at the next, higher, level of the hierarchy 

(Level 2; i. e. trial was nested within subject). Multilevel modelling partitions the 

residual variance in the dataset between these levels. So, in the case of our data, 

it is partitioned into ,a between-subject component (i. e. subject effects), and a 

within-subject component (e. g. Grafen & Hails, 2002; Rasbash et al., 2005). 

For both the analysis of lever choice, and the analysis of latency, the data were 

prepared beforehand as follows: only non-reinforced trials52 were included in the 

dataset, and any trial in which a lever press was not recorded53 was excluded. In 

addition, the continuous predictor (x) variables were centred (e. g. Nezlek, 2001; 

Rasbash et ' al., 2005), around their' grand mean (i. e. each datapoint was 

transformed by subtracting the grand mean of all the datapoints in that series from 

it - see below for a discussion of the merits of centring). ̀  

Multilevel analysis of the single-frequency probe session data: lever choice 

In the analysis of lever choice, the response (y) variable was the choice of lever 

pressed, with '1' indicating that a press was made on the lever associated with 2 

pellets of food, and '0' indicating no such press was made on that lever (i. e. the 
lever, associated with ,1 pellet of food was pressed instead). --, This means that if the 

62 Whilst most of the reference trials (i. e. In which 2kHz & 4kHz tones were played) presented in the probe sessions were 
reinforced (i. e. 'correct' responses resulted in food delivery), for a subset of reference trials, food was never delivered, no 
matter what the rats' response (p. 61). These non-reinforced trials appeared as often as each of the probe trials (i. e. in which 
all tones other than 2kHz & 4kHz were played). Only the non-reinforced reference trials were included In the analysis to 
maintain a more balanced dataset (with respect to sample sizes, error, and so on). 

On the rare occasions (n=3) a session had not finished by the time 60 minutes had elapsed, any unconcluded trial still 
active at the end of the session was terminated without a lever press being recorded; for all other trials, lever presses were, 
recorded. 
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estimated coefficients54 of the predictor (x) variables in the model are positive, then 

the probability of pressing the lever associated with 2 pellets of food is greater as 

the value of that variable increases, and vice versa if the coefficient is a negative 

value (of course, whether this is significant or not is a matter for formal testing - 
see below). 

Since the outcome was binary55, the response variable was assumed to have a 
binomial distribution, with a logit function linking it to the systematic component of 

predictor (x) variables, producing a logistic regression model well suited to such 

binary data (e. g. Quinn & Keough, 2002). 

First-order marginal quasi-likelihood (MQL) and second-order penalized quasi- 
likelihood (PQL) approximation procedures were used to transform the data to a 
linear model prior to iterative generalised least squares (IGLS) estimation (e. g. 
Goldstein, 1986,2003; Rasbash et al., 2005). 

Wald tests were conducted to test the significance of the terms in the model. 
These tests compare the coefficient estimate with its standard error, and determine 

the significance of this ratio with reference to a x2 distribution. Wald tests are more 

appropriate than t-tests for analyses that employ quasi-likelihood (QL) estimation 

instead of ordinary least squares (OLS) estimation, and can be used as an 

alternative to likelihood ratio tests (to compare the overall fit of different models) 

which are not available for non-linear models (e. g. Quinn & Keough, 2002; 
56 Rasbash et al., 2005). 

'' For p predictor variables, the coefficients have the following nomenclature: ßo. Pi, P2,.., Pp, where /3o is the intercept, and ßi, 
ß2..., gp are the partial regression coefficients of the added terms. Po is the log of the odds of a press on the lever associated 
with 2 pellets being made, relative to not (in the case of our dataset), when all the other predictors equal zero. ß,, ß2,,,, ßP are 
the log of the odds of the lever associated with 2 pellets being pressed for a single unit increase (i. e. whatever unit was used 
to measure that variable) In the associated predictor variable (xi, x2 , ", x, ), when the other predictor variables are held constant 
(Quinn & Keough, 2002). 

a5 Since it was a two-choice design with progression to the next trial conditional on a lever being pressed the response 
variable was binary, with a'press' on one lever meaning 'no press' on the other, and vice versa. 
66 For examples of experimental papers which employ Wald tests in multilevel logistic regression modelling, see: Jones & 
Elgar (2004); Korsten et al. (2007); Magrath et al. (2003); Müller et al. (2003). 
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Multilevel analysis of the single-frequency probe session data: latency 

When analysing latency as the response (y) variable, estimation was conducted 

using , 
the default option of iterative generalised least squares (IGLS; no 

approximation procedures were necessary since the model is linear) (Rasbash et 

al., 2005). Likelihood ratio tests (LRT) were conducted to compare the fit of 

different models to the observed data. The LRT statistic is calculated from the 

following formula: 

-2 log Li - (-2 log L2) 

Where 'L' refers to the 'likelihood', namely the probability of obtaining the observed 

data if the fitted model were true. The subscripts, i. e. I, and 7, identify which of 

two different ('nested') models the likelihood statistic is derived from ('nested', in 

this sense, means one of the models is a restricted form of the other). The 

significance of the LRT statistic can then be obtained by reference to a X2 

distribution, with the degrees of freedom equalling the number of 'extra' parameters 

which differentiate the two nested models57. The LRT therefore allows us to gauge 

whether the addition of particular parameters produces a model which better 

explains, or accounts for, the observed data: i. e. whether the modification has 

'improved' the model. As well as LRT statistics, normal distribution tests were also 

occasionally used to assess the significance of single parameters (Rasbash et al., 

2005). 

Multilevel analysis of the single-frequency probe session data: model-building 

Automated' procedures of model selection (such as forwards, backwards or 

stepwise selection) aren't available in MLwiN, and in general such procedures are 

often criticised for producing models which can be misleading, and which can also 
differ depending on the specific automated selection procedure used (e. g. Grafen 

& Hails, 2002; Quinn & Keough, 2002). We employed a . 
forwards, stepwise 

E. g. if the two models were the same, except Model '2' had the additional parameter of treatment , then there would be 1 
d. f. -I_-, ,111_, - 
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procedure, insofar as we built the model up from 'basics', but one which was 

manual, as opposed to automated, so that we were able to actively review the 

model at each stage, and make appropriate decisions. We also tended, where we 
could, towards parsimony, both in our selection of main effects, and when fitting 

higher-order interactions. This reduces the risk of finding significant effects by 

chance (especially when testing partial regression coefficients), but also reduces 
the risk of over-fitting a model: i. e. producing a model of such complexity that it is a 
very good fit to the data, but has little explanatory or predictive power (Quinn & 
Keough, 2002). 

As Quinn & Keough (2002) note, when selecting predictors to add to a multiple 

regression model (be it multilevel, or otherwise) it's important to be aware of any 

multicollinearity - i. e. any correlations between the predictor variables - and if it 

does exist, to be sensitive to any impact it may have on the estimates of the 

coefficients, and hence hypothesis tests (Aiken & West, 1991; Kreft & De Leeuw, 

1998). In a counterbalanced, orthogonal experimental design such as the one 

employed here, many of the main factors of interest will not be correlated, and so it 

is less of an obvious concern. However, if higher-order interactions are fitted, e. g. 
'XZ' in the equation: 

Y=ßo+R1X+R2Z+ß3XZ 

then these interactions may be correlated with their constituent conditional effects 
(i. e. in this example, XZ' may be correlated with either `X' and/or 'Z) (Aiken & 
West, 1991). If multicollinearity in a model is moderate, then it is unlikely to be a 
problem (Zar, 1996), however if it is substantial, then it can have two important 

consequences: it can lead to instability in the model, with the addition/deletion of 
certain predictors leading to disproportionate changes in the coefficient value of 
any terms in the model with which they are correlated; and, in the case of 
interactions, it can lead to an over-inflation of the standard error of the constituent 
terms - e. g. in the example above, the addition of the interaction 'XZ' could, if 
multicollinearity were present, result in an inflation of the standard error of the 
coefficient of `X' and/or the coefficient of `Z' (e. g. '2.201(0.921)'X' might change to 
'2.201(1.251)*X', following the addition of XZ'), risking a mistaken failure to reject 
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the null hypothesis (i. e. a Type II error) (e. g. Kreft & De Leeuw, 1998; Quinn & 
Keough, 2002). 

The risk of multicollinearity between interactions and their constituent terms is 

substantially lowered if continuous predictor variables are centred (e. g. each 
datapoint is subtracted from the grand mean of that data series) (e. g. Aiken & 

West, 1991; Quinn, & Keough, 2002), and, as mentioned earlier, we take this 

precaution in our analyses. Furthermore, following the addition of a new predictor 
term (e. g. the addition of `W, in the above equation), we report any main effect of 
that term first, before building the model further by adding any interactions of 
interest featuring that term58. Finally, whenever we find effects of interest, but 

there is reason to suspect they may correlate with other terms in the equation, we 
test how robust such effects are by investigating them in more than one model 
(e. g. a simplified vs. more complex model). 

Finally, a note on the interpretation of interaction terms, and their constituent 
conditional effects. When term Xis added to a model, solely by itself (i. e. not a 

part of any interaction), it is generally termed a main effect, and its coefficient is an 

estimate of the constant, or average, effect of that variable (X) across the range of 
other variables in the model. If it is also added as part of an interaction (e. g. `XZ'), 
then what was the main effect (i. e. the term consisting only of X') now becomes a 
conditional effect: an estimate of the effect of X' when 'Z' equals zero (therefore, if 
'Z' is a centred continuous predictor, zero will be the mean of that predictor, 
whereas if 'Z' is a categorical (dummy) variable, zero will be whichever categorical 
group has been assigned that value) (Aiken & West, 1991). By observing 
conditional effects, we can therefore interpret the meaning of interaction terms. 

N. B. If higher-order Interactions (e. g. XZ) do substantially correlate with their lower-order constituent terms (e. g. X), this 
may change the coefficient estimate (and its error) of that constituent term (i. e. the coefficient of X), but will not effect the 
estimate of the higher-order interaction (i. e. the coefficient of XZ) (Aiken & West, 1991). 
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RESULTS 

Training performance 

All rats reached the initial criterion of three successive sessions in which the 

number of correct responses in free-choice trials was significantly greater than 

chance for both reference stimuli (i. e. 2kHz and 4kHz) in a binomial test. The 

mean number of training sessions to reach criterion was 26.6 (SEM: 1.4). There 

was no significant difference between prospective treatment groups in the number 

of training sessions taken to reach criterion (t14=0.043, p=0.966), nor in the number 

of post-criterion training sessions prior to probe-testing (t14=0.952, p=0.357)59. 
Figure 2.11 charts the percentage of 'correct' responses in the '1-pellet' and '2- 

pellet' reference trials, across training session. It indicates an initial bias towards 

pressing the '2-pellet' lever in both types of reference trial, although this attenuates 

with regard to the '1-pellet' reference tone as the sessions progress, and the 

subjects near criterion. 

For reference, Figure 2.12 plots the mean accuracy in the reference trials in those 

training sessions conducted just prior to probe-testing in the two measurement 

phases. It indicates an improvement in accuracy across session in each of the two 

measurement phases, especially with regard to the '1-pellet' reference trials, and 

also indicates that on the day prior to probe testing, the mean accuracy across all 
the subjects was very similar in each of the two measurement phases. 

59 Nor in the total number of training sessions prior to probe-tesing (i. e. both pre- and post-criterion; p=0.726) 
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Figure 2.11 The mean percentage of 'correct' responses, across training session, for each of the 
two types of training trial, by quantity of associated food reinforcement (+/- 1SEM). The data is 
taken only from the free-choice trials, and only from subjects yet to complete criterion (i. e. the 
sample size reduces as session number progresses). 
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Figure 2.12 As Figure 2.11, but for each of the training sessions on the consecutive days 
immediately prior to single-frequency probe-testing in each of the two measurement phases. 
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Figure 2.13 plots the same data, but pooled across measurement phase, and 

summarised by treatment group. Analyses revealed that there were no significant 

differences between the treatment groups in the accuracy of responding to each 

type of reference tone, nor across all reference tones, either over the two training 

sessions prior to probe-testing in phase 1 ('2-pellet' trials: t14=0.311, p=0.760; '1- 

pellet' trials: t14=0.289, p=0.777; all trials: t14=0.402, p=0.694), nor over the three 

training sessions prior to probe-testing in phase 2 ('2-pellet' trials (cube- 

transformed): t14=0.686, p=0.504; '1-pellet' trials: t14=0.104, p=0.919; all trials: 

t14=0.550, p=0.591). Furthermore, whilst Figure 2.13 suggests that the UHT group 

were slightly more accurate than the Control group in the second measurement 

phase, whereas the reverse was true in the first measurement phase, some 

exploratory analyses revealed that this interaction was not signficant (repeated- 

measures GLMs, with measurement phase as the within-subjects factor and 
treatment as the between-subjects factor, were conducted separately for `2-pellet' 

trials, `1-pellet' trials, and for all trials: these found p>0.05 for all main effects and 

interactions). 
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Figure 2.13 The mean percentage of 'correct' responses in the training sessions in each of the two 
measurement phases, by treatment. The data is summarised by trial type (+/- 1SEM). 
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Figure 2.14 The mean latency to record any lever press response in the training sessions which 
took place on the consecutive days immediately prior to single-frequency probe testing, 
summarised by measurement phase (two such training sessions took place in phase 1, and three 
took place in phase 2), by treatment group (+/- 1 SEM). 

In addition, some exploratory analyses were conducted with the latency data from 

these training sessions. The mean latency to press a lever (of any identity) in the 

training sessions in each of the two measurement phases was submitted to a 

repeated-measures GLM, with measurement phase as the within-subjects factor, 

and treatment as the between-subjects factor. This found a significant main effect 

of treatment, and a near-significant interaction of treatment with measurement 

phase (after first log-transforming the data, treatment: F1114=5.483, p=0.035; 

measurement phase: Fi, 14=0.613, p=0.447; treatment*measurement phase: 

F, 14=4.235, p=0.059)60. Figure 2.14 plots this data, across measurement phase, 

by treatment group; it indicates that whilst the UHT group are consistently faster to 

press the levers, the difference between the two treatment groups is greater in the 

°° N. B. whilst our inspection of the plotted residuals suggested the variance was reasonably homogenous, the residuals from 
Phase 2 failed a formal test of homogeneity (Levene's: p=0.021); this could not be remedied by any of the transformations 
we explored, at least not without compromising other assumptions of the model. 
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second measurement phase, with the UHT group considerably faster, and the 

Control group slower, in phase 2 compared to phase 1. 

The latency to record a lever press response in only those trials associated with 2 

pellets of food (i. e. the trials in which 2kHz was presented for the 2kHz=2pell 

contingency group, and the trials in which 4kHz was presented for the 4kHz=2pell 

contingency group) in the training sessions prior to single-frequency probe-testing 

was also submitted to a repeated-measures GLM, with both measurement phase 

and accuracy of response (i. e. 'correct'or `incorrect) as within-subject factors, and 

treatment as a between-subjects factor. This found a significant main effect of 

accuracy of response, and a significant interaction of measurement phase with 

treatment; all other main effects and interactions were non-significant, although 

treatment neared significance at the 0.05 level (after first log-transforming the data, 

treatment: F114=3.712, p=0.075; measurement phase: F1114=0.806, p=0.384; 

accuracy: F1,14=9.110, p=0.009; measurement phase*treatment: F1114=6.456, 

p=0.024; accuracy*treatment: Fi, 14=1.256, p=0.281; measurement 

phase*accuracy: F1114=1.562, p=0.232; measurement phase *a ccura cy *treatment: 

F1114=0.016, p=0.901). Figure 2.15, which plots this data by accuracy and 

treatment, across measurement phase, indicates that both treatment groups were 

quicker to make correct responses in both measurement phases. Figure 2.16, 

which presents the estimated marginal means derived from the model, indicates 

that whilst the UHT group were consistently faster to record a lever press, the 

difference between the two treatment groups was particularly great in the second 

measurement phase. 
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Figure 2.15 '2-pellet' trials only. The mean latency to record a 'correct' (i. e. press the '2-pellet' 
lever) or 'incorrect' (i. e. press the '1-pellet' lever) response in the trials associated with 2 pellets of 
food in the training sessions which took place on the consecutive days immediately prior to single- 
frequency probe testing, summarised by measurement phase (two such training sessions took 
place in phase 1, and three took place in phase 2), by treatment group (+/- 1 SEM). 
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Figure 2.16 The estimated marginal means of the (log-transformed) mean latency to record a lever 
press response in the trials associated with 2 pellets of food, across measurement phase for each 
treatment group, derived from the repeated-measures GLM discussed in the text. 

Finally, the latency to record a lever press response in only those trials associated 

with 1 pellet of food (i. e. the trials in which 4kHz was presented for the 2kHz=2pel1 

contingency group, and the trials in which 2kHz was presented for the 4kHz=2pel1 

contingency group) in the training sessions prior to single-frequency probe-testing 

was also submitted to a repeated-measures GLM, of the same design as that 

employed above. The analysis found significant main effects of accuracy, and of 

treatment; whilst all other main effects and interactions were non-significant (after 

first negative inverse-transforming the data, treatment: F1,14=4.747, p=0.047; 

measurement phase: F1114=0.130, p=0.724; accuracy: F1114=15.145, p=0.002; 

measurement phase*treatment: F1,14=1.723, p=0.210; accuracy*treatment: 

Fl, 14=0.212, p=0.652; measurement phase*accuracy: F1.14=2.216, p=0.159; 

measurement phase *accuracy*treatment: F1,14=0.107, p=0.749). Figure 2.17, 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

which plots this data by accuracy and treatment, across measurement phase, 

indicates that both treatment groups were quicker to make correct responses in 

both measurement phases. Figure 2.18, which presents the estimated marginal 

means derived from the model, indicates that whilst the UHT group were 

consistently faster to record a lever press, the difference between the two groups 

was greater in the second measurement phase. 

12 

10 

8 
N 
V 
N 
N 

T6 

CC 
41 
10 
J 

4 

2 

o -- 
Phasel Phase2 

-+-Control incorrect 

-*-Control correct 

-f UHT incorrect 
UHT correct J, 

Figure 2.17 `1-pellet' trials only. As Figure 2.15, but for the trials associated with 1 pellet of food 
only. 
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Figure 2.18 The estimated marginal means of the (negative-inverse-transformed) mean latency to 
record a lever press response in the trials associated with 1 pellet of food, across measurement 
phase for each treatment group, derived from the repeated-measures GLM discussed in the text. 

Summary of the analyses of training performance 

All rats reached the initial criterion, and the two treatment groups did not differ in 

the accuracy of their responding in the training sessions administered just prior to 

probe-testing. Whilst the UHT group were generally faster to record a lever press 

response in these training sessions (i. e. those administered in each measurement 

phase), the difference in latency between the two treatment groups was generally 

greater in the second measurement phase (to a significant level with regard to the 

'2-pellet' trials, and to a near-significant level across all reference trials). A variety 

of analyses confirmed that the decrease in latency (i. e. increase in response 

speed) across measurement phase for the UHT group did not occur at the expense 

of accuracy. 
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Single-frequency test sessions: lever choice 

Figure 2.19 and Figure 2.20 chart the mean percentage of presses on the lever 

associated with 2 pellets of food (as opposed to the lever associated with 1 pellet 

of food) across kHz, for the 2kHz=2pell and 4kHz=2pell contingency groups, 

respectively. As discussed on page 70, following an initial analysis in SPSS (in 

which aspects of fitted probit functions were compared in repeated-measures 

ANOVAs; see Appendix C), the lever choice data was analysed in a multi-level 

model, using the statistical software package MLwiN; the latter is described below, 

and concludes with a summary section comparing results with the former (i. e. with 

the repeated-measures ANOVAS). 
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Figure 2.19 2kHz=2pell. The mean percentage of lever presses made on the '2-pellet' lever (as 
opposed to the '1-pellet' lever) for the 2kHz=2pell contingency group, by measurement phase / 
treatment group, across kHz (+/- 1 SEM. N. B. the means and SEM are derived from data 
summarised at the subject-level; in addition, the data pertaining to the 'reference tones' (i. e. 2kHz 
and 4kHz) are taken from the non-reinforced trials only). 
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Figure 2.20 4kHz=2pe11. As Figure 2.19, but for the 4kHz=2pel1 contingency group only. 

Multi-level multiple logistic regression in MLwiN 

As discussed on p. 74, the lever choice data in the single-frequency probe sessions 

were analysed in a multi-level model using MLwiN, with trial (n=8,626) nested 

within subject (n=16). 

Firstly, a simple 'random intercept' model was fitted, in which the intercept for each 

subject was allowed to vary from the overall (average) intercept (ßo). In the 

terminology of the model, the intercept for subject j' differs from the overall (fixed) 

intercept by uoj, which is a random quantity assumed to follow a normal distribution 

(Rasbash et al., 2005). As shown in Table 2.3, the estimated coefficients (of Oý� in 

this instance) from this very simple model reveal that the probability of pressing the 

lever associated with 2 pellets of food varies significantly across subject. Equation 

0.1, in the Appendix, shows the relevant equations with estimated coefficients61 

61 Whilst building our model, we will occasionally refer to selected equations we have copied into the Appendix. It's not 
necessary to refer to all (or any) of these: they are simply provided for reference, should the reader wish to study other 
aspects of the model not reported in the main text. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient estimate Wald Df P 
(with SE) (X) 

Intercept Random at 0.135 (0.050) 7.169 1 0.007 
subject level 

Table 2.3 The coefficient estimate, with standard error, of between-subject variance in the intercept, 
together with Wald test statistics and their significance (from the model specified in Equation 0.1). 

The first continuous predictor variable was then added, namely the standardised 
log scale (see p. 71) for probe value. The coefficient of this term was also allowed 
to vary across subject, allowing the slope62 of the predicted response curve for 

each subject to vary away from the overall (average) slope, producing a `random 

slope' model (if we just allowed the coefficient of the intercept to vary, as in the 

'random intercept' model above, we would get a series of parallel lines, one for 

each subject, which may not be an adequate model of between-subject variance in 

responding across probe value) (Rasbash et al., 2005). Again, in the terminology 

of the model, the coefficient of the probe value predictor variable for subject j' 

varies from the overall (fixed) coefficient by u11, a random quantity assumed to 
follow a normal distribution. Table 2.4 shows that there is a highly-significant fixed 
(average, or overall) effect of probe value on lever choice, with a greater probability. 

of pressing the lever associated with 2 pellets of food as probe value increases (i. e. 

as the scale moves towards the stimulus associated with 2 pellets of food; more 
specifically, a one unit increase in probe value increases the log odds of a press 
being made on the lever associated with 2 pellets of food by 2.766); there is also a 

significant amount of between-subject variation in lever choice across probe value. 

Parameter Coefficient "Wald Df P 
estimate (with SE) (X2) 

Intercept Random at 0.164 (0.062) 7.065 1 0.008 ** 
subject level 

Probe value Random at 0.524 (0.211) 6.185 1 0.013 
subject level 

Fixed 2.766 (0.193) 205.169 1 <0.001 ** . 

Table 2.4 The coefficient estimates, with standard error, of fixed and random parts of a simple 
'random slope' model, together with Wald test statistics and their significance (as specified in 
Equation 0.2. In the Appendix). 

62 Note, some of the terminology we use to describe our model (e. g. 'slope') is perhaps more commonly associated with 
linear models (such as the analysis in which we model latency as the response variable, below), rather than non-linear 
models (e. g. modelling a binary distribution). However, this is in keeping with others' description of non-linear models (e. g.. 
Rasbash et at., 2005), has an Intuitive appeal, and Introduces a language we can also use to describe the later linear model. 

_ 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Polynomial functions of the probe value predictor variable were then fitted up to a 

cubic term63'64; prior to analysis, inspection of the summary data (see Figure 2.19 

and Figure 2.20) suggested allowing such curvature in the predicted response 

curve (i. e. a minimum and maximum value away from the terminal ends) would 

enable the model to better fit the data, and indeed, a priori, the predicted pattern of 

responding across this particular pattern of probe and reference stimuli (with 

differentially-reinforced reference trials towards each end of the scale, but not 

actually at the extremes), would be a cubic function (assuming the rats learn the 

task well, and can distinguish between the various stimuli to a reasonable extent). 

Only the coefficient of the quadratic term was allowed to vary across subject 

(allowing only the coefficients of lower order polynomials to vary randomly is 

common-place in such models (e. g. see Goldstein et al., 1994), and indeed, in this 

instance, allowing the cubic term to also vary resulted in convergence problems 

when further terms were later added to the model (e. g. Nezlek, 2001)). As Table 

2.5 indicates, the probe value terms (i. e. up to a cubic power) accounted for a 

significant amount of the overall (fixed) variance in lever choice: i. e. across all 

subjects, and all trials, expressing probe value up to a cubic power provides a very 

good fit to the data. In addition, those probe value terms allowed to vary across 

subject indicated a significant amount of between-subject variance in the 

probability of lever choice across probe value. Figure 2.21 and Figure 2.22 plot the 

predicted probability of pressing the '2-pellet' lever for each subject, with probe 

value and kHz on the x-axes, respectively. 

°' N. B. when fitting a cubic polynomial regression model, the lower order (i. e. linear and quadratic) terms must be Included to 
respect marginality (e. g. Grafen & Hails, 2002). 

°` Note that the linear probe value term here was centred, as were all the other continuous predictor variables; however, 
whilst the quadratic and cubic powers were derived from this centred term, they were not themselves centred. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Intercept Random at 
subject level 

0.242 (0.093) 6.770 1 0.009 

Probe value Random at 
subject level 

0.522 (0.212) 6.048 1 0.014 

Fixed 4.858 (0.233) 432.896 1 <0.001 

(Probe value)2 Random at 
subject level 

2.558 (1.024) 6.327 1 0.012 

Fixed -0.834 (0.425) 3.847 1 0.049 

(Probe value) Fixed -5.993 (0.368) 265.551 1 <0.001 "' 

Table 2.5 The coefficient estimates, with standard error, of fixed and random parts of a 'random 
slope' model with polynomial terms, together with Wald test statistics and their significance (as 
specified in Equation 0.3, in the Appendix). 
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Figure 2.21 Individual rats' probability of pressing the lever associated with 2 pellets of food (as 
opposed to the lever associated with 1 pellet of food) across different values of the probe stimuli (a 
standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food). These predicted 
lines were generated from the model and estimates in Equation 0.3, and include data from all 
single-frequency probe sessions (i. e. from both measurement phases). Note, both this chart, and 
Figure 2.22, are included to illustrate the general shape of the predicted response curves: it is not 
necessary to identify individual subjects, and the following guide is simply provided for optional 
reference: control / 2kHz=2pell 4 subjects 3,6,8 & 11; control / 4kHz=2pell 4 subjects 4,5,7 & 
12; UHT I 2kHz=2pell - subjects 1,9,14 & 16; UHT I 4kHz=2pell - subjects 2,10,13 & 15. 
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Figure 2.22 As Figure 2.21, but with kHz on the x-axis. 
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The categorical predictor variables of main interest (contingency, measurement 

phase and treatment), were then systematically added to the model as fixed 

effects. 

Contingency was first added to the model, initially as a main effect, with the 

2kHz=2pell group assigned the reference category, with a value of `0', and the 

4kHz=2pell group assigned a value of `1'. As Table 2.6 shows, the contingency 

group 4kHz=2pell had a significantly higher overall probability of pressing the lever 

associated with 2 pellets65. In addition, there is a slight decrease in the amount of 

unexplained subject-level variation in the intercept (i. e. contingency has accounted 
for some of this variance). 

65 Since the coefficient was positive, and this group was assigned the value with the higher numerical value. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Intercept Random at 
subject level 

0.114 (0.048) 5.747 1 0.017 

Probe value Random at 
subject level 

0.534 (0.216) 6.130 1 0.013 * 

Fixed 4.836 (0.235) 423.460 1 <0.001 ** 

(Probe value) Random at 
subject level 

2.583 (1.033) 6.256 1 0.012 * 

Fixed -0.802 (0.428) 3.512 1 0.061 

(Probe value) Fixed -5.922 (0.368) 258.819 1 <0.001 ** 

Contingency Fixed 0.467 (0.137) 11.621 1 <0.001 ** 

Table 2.6 The coefficient estimates, with standard error, of fixed and/or random parts of the model, 
together with Wald test statistics and their significance (from the model specified in Equation 0.4, in 
the Appendix). 

Contingency, specified solely as a main effect, can only modify the intercept, but it 

would also be useful to allow it to modify the pattern of lever choice across probe 

value (i. e. the 'slope' of the, predicted response curve). To allow this, we 
introduced two-way interaction terms featuring contingency with each of the probe 

value predictors. As Table 2.7 shows, these interactions were highly significant, 
indicating that the pattern of responding across probe ' value does indeed differ 

between the two contingency groups (see later plots); in addition, a little more of 
the previously unexplained subject-level variation has been accounted for. 

.F_ 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Intercept Random at 
subject level 

0.091 (0.040) 5.281 1 0.022 * 

Probe value Random at 
subject level 

0.307 (0.133) 5.313 1 0.021 * 

Fixed 5.928 (0.301) 386.712 1 <0.001 ** 

(Probe value) Random at 
subject level 

0.731 (0.374) 3.826 1 0.050 

Fixed 0.906 (0.391) 5.375 1 0.020 * 

(Probe value) Fixed -7.971 (0.565) 198.841 1 <0.001 ** 

Contingency Fixed 0.765 (0.168) 20.666 1 <0.001 ** 

Contingency*Probe value Fixed -1.956 (0.412) 22.572 1 <0.001 ** 

Contingency*(Probe 
value)2 

Fixed -2.680 (0.549) 23.863 1 <0.001 ** 

Contingency*(Probe 
value)3 

Fixed 3.204 (0.768) 17.407 1 <0.001 ** 

Table 2.7 As Table 2.6, but derived from a modified model, as specified in Equation 0.5, in the 
Appendix. 

Measurement phase was then added to the model, initially as a main effect, with 

Phase 1 (i. e. the measurement phase at baseline) the reference category, 

assigned a value of '0', and Phase 2 assigned a value of '1'. As Table 2.866 

indicates, there was a significantly lower overall probability of pressing the lever 

associated with 2 pellets of food in the second measurement phase. 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Of P 

Measurement phase Fixed -0.142 (0.052) 7.302 1 0.007 ** 

Table 2.8 As Table 2.6, but derived from a modified model, as specified in Equation 0.6, in the 
Appendix. 

B8 Note, that whilst Table 2.8 only presents details relating to one term, the model from which it was derived still contains all 
the terms Introduced earlier in the model-building process (i. e. those listed in Table 2.7; see Equation 0.6, in the Appendix). 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Interactions of measurement phase with both probe value and contingency were 

then explored in the model (see Table 2.9 and Table 2.10)67. The interactions of 

measurement phase with probe value were not significant (in a variety of models 

we investigated), indicating no change in the shape of the response curve across 

probe value between the two measurement phases, whilst the interaction between 

measurement phase and contingency was significant; since the three-way 

interaction between all three of these terms was not significant only measurement 

phase*contingency was left in ý the model. As Table 2.10 shows, further 

investigation of the conditional effect of measurement phase, by changing which of 

the two contingency groups (2kHz=2pell or 4kHz=2pelo was assigned a value of 

zero in the two-way interaction of measurement phase with contingency (as 

discussed, in the Method: Data Analysis section), indicated that the 2kHz=2pell 

'contingency group had a considerably lower probability of pressing the '2-pellet' 

lever, and the. 4kHz=2pell, contingency group a slightly higher probability of 

pressing the '2-pellet' lever, in the second measurement phase, compared to the 

first68. 

The final term of main interest, treatment, was then added to the model, initially as 
a main effect; the control group was assigned the reference category, with a value 
of '0', whilst the UHT (i. e. unpredictably-housed) group was assigned a value of '1'. 
As Table 2.11 indicates, the main effect of treatment on the probability of lever 
choice was not significant. 

07 NB these tables have rows separated by spaces to signify that not all are from the same model: i. e. they are derived from 
models which differ slightly from each other In their specification, as detailed in the Table's legend. 

Alternatively, it's possible to calculate this from the coefficient estimates: i. e. the coefficient of the conditional effect of 
measurement phase (N. B. phase I Is the reference category), when the contingency group 2kHz=2pell is assigned a value 
of zero In the two-way interaction measurement phase *contingency, Is -0.351: i. e. the 2kHz=2pe11 group have a lower 
probability (we can tell this from the minus sign) of pressing the '2-pellet' lever in the second measurement phase, compared 
to the first. If we add the coefficient of the interaction term (0.395) to this estimate, we get 0.044: the effect of measurement 
phase on the 4kHz=2pell contingency group. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Measurement phase* Fixed 0.105 (0.267) 0.154 1 0.695 
probe value 

Measurement phase* Fixed -0.508 (0.271) 3.499 1 0.061 
(probe value)2 

Measurement phase* Fixed -0.314 (0.611) 0.264 1 0.607 
(probe value)3 

Measurement phase* Fixed 0.395 (0.105) 14.091 1 <0.001 ** 
Contingency 

Measurement phase* Fixed -0.305 (0.608) 0.253 1 0.615 
contingency*probe value 

Measurement phase* Fixed 0.121 (0.682) 0.032 1 0.859 
contingency*(probe value)2 

Measurement phase* Fixed 1.160 (1.536) 0.571 1 0.450 
contingency*(probe value)3 

Table 2.9 As Table 2.6, but derived from a modified model, as specified in Equation 0.6 (with the 
addition of all terms necessary to respect marginality). 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Measurement phase Fixed -0.351 (0.077) 20.903 1 <0.001 

Measurement phase* Fixed 0.395 (0.105) 14.091 1 <0.001 ** 
Contingency 

(2kHz=2 ell = ref. cate o 

Measurement phase Fixed 0.044 (0.072) 0.371 1 0.542 

Measurement phase* Fixed -0.395 (0.105) 14.091 1 <0.001 
Contingency 

(4kHz=2 ell = ref. cate o 

Table 2.10 As Table 2.6, but derived from a modified model, as specified in Equation 0.7. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df p 

Treatment Fixed -0.062 (0.133) 0.215 1 0.643 

Table 2.11 As Table 2.6, but derived from a modifed model, as specified in Equation 0.8, in the 
Appendix. 

The effect of treatment was then explored in a variety of interactions (tested in a 
number of alternative models): see Table 2.12 and Table 2.13. The interaction of 
treatment with measurement phase was highly significant, and further investigation 

of the conditional effect of treatment, and an examination of the relevant 

coefficients, revealed that the UHT group had a lower probability of pressing the `2- 

pellet' than the control group in the first measurement phase, but a higher 

probability of pressing this lever than the control group in the second measurement 

phase (see Table 2.13). In addition, the threeway interaction between treatment, 

contingency and measurement phase was also highly significant. Otherwise, as 
Table 2.12 shows, there was a suggestion of interactive effects in some of the 
higher-order terms featuring probe value, . 

however, taken as a whole (i. e. 
considering the multiplicity of effects examined), these were thought not strong 

enough to merit inclusion in the model. 

Therefore, the treatment*measurement phase and treatment*contingency* 

measurement phase terms remained (together with any lower-order terms 

necessary to satisfy marginality), and the predicted probability of pressing the lever 

associated with 2 pellet of food was estimated from this model, with the subject- 
level variance removed (i. e. from the model summarised in Table 2.14 below, and 

specified in Equation 0.9, in the Appendix; Table 0.2 and Figure 0.14, also in the 

Appendix, present the results of a Hosmer-Lemeshow goodness-of-fit test for this 

model, which was satisfactory). Figure 2.23 and Figure 2.24 plot these predictions 
for each of the measurement phase I treatment /contingency groups. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient Wald Df P 
estimate (with SE) (x2) 

Treatment*probe value Fixed 0.187 (0.403) 0.216 1 0.642 

Treatment*(probe value) Fixed 0.258 (0.517) 0.250 1 0.617 

Treatment*(probe value) Fixed -0.222 (0.704) 0.099 1 0.753 

Treatment' Fixed 0.195 (0.264) 0.545 1 0.460 
Contingency 

Treatment*contingency* Fixed -1.824 (0.788) 5.351 1 0.021 
probe value 

Treatment"contingency* Fixed -1.471 (1.039) 2.003 0.157 
(probe value)2 

Treatment*contingency* Fixed 2.305 (1.547) 2.219 1 0.136 
(probe value)3 

Treatment*measurement Fixed 0.123 (0.388) 0.101 1 0.751 
phase*probe value 

Treatment*measurement Fixed -0.965 (0.391) 6.095 1 0.014 * 
phase*(probe value)2 

Treatment*measurement Fixed 0.095 (0.895) 0.011 1 0.916 
phase*(probe value)3 

Treatment*Contingency Fixed -0.648 (0.211) 9.422 1 0.002 ** 
*Measurement phase 

Table 2.12 As Table 2.6, but derived from a modifed model, as specified in Equation 0.8 in the 
Appendix, but with the addition of all terms necessary to respect marginality. 

Parameter Coefficient Wald Of P 
estimate (with SE) (X2) 

Treatment Fixed -0.228 (0.144) 2.506 1 0.113 

Treatment*Measurement Fixed 0.326 (0.105) 9.595 1 0.002 
phase 

Phase 1 =ref category) 

Treatment Fixed 0.098 (0.143) 0.465 1 0.495 

Treatment*Measurement Fixed -0.326 (0.105) 9.595 1 0.002 ** 
phase 

Phase 2= ref. category) 

Table 2.13 As Table 2.6, but derived from a modifed model, as specified in Equation 0.7 (with the 
addition of the above terms). 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

The significant contingency*probe value interactions we found in the model are 

reflected in the different shape of the response curves across contingency group, 

with a steeper transition between the areas of highest and lowest peak responding 
for the 2kHz=2pell contingency group, and a greater difference between the areas 

of highest and lowest peak responding in this contingency group too. 

It is also very apparent from these plots that the main change across measurement 

phase occurs for the control / 2kHz=2pell group, whose probability of pressing the 

lever associated with 2 pellets of food is markedly lower in Phase 2. The 

responding of the other groups remains very similar across measurement phase, 

and so it is very likely that the responding of the control / 2kHz=2pell group 

underlies the significant treatment*measurement phase*contingency interaction, as 

well as the lower order interactions between treatment and measurement phase, 

, 
and also measurement phase and contingency. The predicted response pattern of 
the control / 2kHz=2pell group in Phase 2 is similar to that of the other treatment 

group in that contingency (i. e.. UHT / 2kHz=2pe11) which varies very little from one 

measurement phase, to the other; therefore the responding of the control / 

2kHz=2pell group in Phase I is comparatively unusual. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Intercept Random at 
subject level 

0.081 (0.036) 4.995 1 0.025 * 

Probe value Random at 
subject level 

0.308 (0.134) 5.278 1 0.022 * 

Fixed 5.999 (0.304) 390.616 1 <0.001 ** 

(Probe value) Random at 
subject level 

0.737 (0.375) 3.884 1 0.049 * 

Fixed 0.913 (0.393) 5.413 1 0.020 

(Probe value) Fixed -8.073 (0.570) 200.894 1 <0.001 ** 

Contingency Fixed 0.306 (0.222) 1.912 1 0.167 

Contingency*Probe value Fixed -2.027 (0.414) 24.023 1 <0.001 ** 

Contingency*(Probe 
value)2 

Fixed -2.684 (0.551) 23.759 1 <0.001 ** 

Contingency*(Probe 
value)3 

Fixed 3.313 (0.771) 18.449 1 <0.001 ** 

Measurement phase Fixed -0.673 (0.107) 39.366 1 <0.001 ** 

Measurement phase 
*Contingency 

Fixed 0.704 (0.148) 22.542 1 <0.001 ** 

Treatment Fixed -0.525 (0.211) 6.167 1 0.013 * 

Treatment*Contingency Fixed 0.536 (0.286) 3.519 1 0.061 

Treatment*Measurement 
phase 

Fixed 0.673 (0.155) 18.925 1 <0.001 ** 

Treatment*Contingency 
*Measurement phase 

Fixed -0.648 (0.211) 9.422 1 0.002 ** 

Table 2.14 The coefficient estimates, with standard error, together with Wald tests and their 
significance, from the final model with the key terms of interest: probe value, contingency, 
measurement phase and treatment (as specified in Equation 0.9, in the Appendix). 
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Figure 2.23 The probability of pressing the lever associated with 2 pellets of food (as opposed to 
the lever associated with 1 pellet of food) across different values of the probe stimuli (a 
standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food), by measurement 
phase / treatment / contingency group. These predicted lines were generated from the model and 
estimates in Equation 0.9. Although it is not clear from this graph, the line for the Phase 1/ UHT / 
2kHz=2pell group is behind that of the same group in the 2nd measurement phase (i. e. behind 
Phase 2/ UHT / 2kHz=2pell). 
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Figure 2.24 As Figure 2.23, but with kHz on the x-axis. 
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If we go back to the predicted response curves we plotted from an earlier model, in 
Figure 2.21 and Figure 2.22, it is interesting to note that the pattern of responding 
by Subject 6 and Subject 8, two of the four rats in the control / 2kHz=2pell group, is 
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somewhat different to that of the other subjects. If we generate these predictions 

again, but from equations which only model the data from each of the two 

measurement phases, we see that these two subjects have a particularly high 

probability of pressing the `2-pellet' lever in phase 1 (Figure 2.25), but that this 

difference is considerably diminished in phase 2 (Figure 2.26; here, we only plot 

the data with kHz on the x-axis, rather than probe value as well, as it is a little 

easier to distinguish the predicted response lines). 
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Figure 2.25 As Figure 2.22, but with only those measurements (n=4307) made in Phase 1 (i. e. at 
baseline) used to estimate the model coefficients (from the model specified in Equation 0.10, in the 
Appendix). 
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Figure 2.26 As Figure 2.21, but only using those measurements (n=4319) made in Phase 2 to 
estimate the model coefficients (from the model specified in Equation 0.11, in the Appendix). 

Before exploring a few other variables of interest, it's worth noting that four-way 

interactions featuring the terms of main interest, namely treatment, contingency, 

measurement phase and probe value, found highly significant interactions of the 

linear and cubic probe value terms with contingency, measurement phase and 

treatment (for reference, see Table 0.3, Equation 0.12, and Figure 0.15 to Figure 

0.16, in the Appendix). Clearly, the nature of this interaction would be very 

complex to distil, and our inspection of the predicted responses plotted from this 

model found no indication of any differences which would support our experimental 

hypotheses. More generally, as discussed earlier, such an elaborate equation 

(necessarily so, to respect marginality, e. g. Grafen & Hails, 2002) risks over-fitting 

the model: i. e. re-describing the observed data, with little gain in predictive or 

explanatory power (e. g. Quinn & Keough, 2002). 

These higher-order terms were deleted, returning the model to that presented in 

Table 2.14 (i. e. Equation 0.9, in the Appendix). Latency to press the lever was 

then added as a main effect, and it approached significance at the 0.05 level, with 

the coefficient value indicating that rats took longer to press the lever associated 

with 2 pellets of food (see Table 2.15, and Equation 0.13 in the Appendix); two-way 
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interactions of latency with the probe value terms were also added, but the model 

would not converge, and so these were removed. 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df p 

Latency Fixed 0.009 (0.005) 3.124 1 0.078 

Table 2.15 As Table 2.6, but derived from a modifed model, as specified in Equation 0.13, in the 
Appendix. 

However, since there were a number of outlying latency values (i. e. a few trials in 

which a lever was not pressed until some time after the tone had ended), which 

may disproportionately influence the model (e. g. Grafen & Hails, 2002), the full 

analysis was conducted once more, but with only those trials in which the latency 

to press a lever was under, or equal to, three seconds (n=8,171). This particular 

duration was chosen as a cut-off criterion, because responses made before three 

seconds tend to be more accurate, with those occurring afterwards approaching 

chance, at least in operant tasks in which rodents are discriminating between 

differing event durations (Crystal, 1999,2001). This analysis yielded very similar 

conclusions to the `all latencies' analysis described above (see Equation 0.14, 

Figure 0.17 and Figure 0.18, and also Table 0.4; all in the Appendix), but when 
latency was added to this `under 3 seconds' model, it was now highly significant, 
indicating a significantly higher probability of pressing the lever associated with 2 

pellets of food as latency increased (see Table 2.16, and Equation 0.15 in the 

Appendix). 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Latency Fixed 0.197 (0.053) 13.950 1 <0.001 ** 

Table 2.16 The coefficient estimates, with standard error, of certain fixed parts of the model (limited 
to responses of a latency no greater than 3 seconds), together with Wald test statistics and their 
significance (from the model specified in Equation 0.15, in the Appendix). 

Two-way interactions of latency with probe value were also explored, of which the 
interactions with the linear and cubic terms were highly significant (see Table 2.17, 
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and Equation 0.16 in the Appendix). Latency is clearly an important variable in the 

analysis, and investigations of its effect are pursued further when it is modelled as 
the response (y) variable (see below). 

Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df p 

Latency Fixed 0.062 (0.068) 0.842 1 0.359 

Latency*Probe Value Fixed -2.915 (0.234) 155.243 1 <0.001 ** 

Latency*(Probe Value) Fixed 0.291 (0.241) 1.457 1 0.227 

Latency*(Probe Value) Fixed 3.245 (0.514) 39.935 1 <0.001 **. . 

Table 2.17 The coefficient estimates, with standard error, of certain fixed parts of the model (limited 
to responses of a latency no greater than 3 seconds), together with Wald test statistics and their 
significance (from the model specified in Equation 0.16, in the Appendix). 

Finally, ' the possibility of adding other terms of interest to these models was 
investigated. Correlation matrices indicated that latency was correlated with a 

number' of other variables, such as session number (i. e. 1-6), performance in 

recent training sessions (e. g. percentage of 2 -pellet trials correct; percentage of 1-' 

pellet trials correct), trial number (1-156), within-session (pseudorandomised) block 

(1-3), time since session started (in seconds), etc. Therefore, whilst these terms 

are of some general interest, introducing them alongside latency would lead to 

problems of multiple collinearity (e. g. Grafen & Hails, 2002; Quinn & Keough, 

2002); i. e. a. number of terms share information with latency, and the most 

parsimonious strategy is to keep the latter term in the model alone. The position of 
the 2 -pellet lever (i. e. whether the lever, on which correct responses were 
associated with reinforcement with two pellets of food, was on the left or right of the 
food hopper) was part of the orthogonal design of the experiment, however, and so 
the contribution of this variable was explored. Left position was assigned the_ 

reference category, with ,a value of `0, whilst right position had -a value of T. ' 
Interestingly, this predictor variable was highly significant. In both models (i. e. with 
`all latencies', 'or, - or just-, with those in which a lever press was made 'within 3 
seconds': Equation 0.17 and Equation 0.18 ' in _ the Appendix, ' respectively), the 
probability of pressing the lever associated with 2 pellets of food was significantly 
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greater when it was on the right of the food hopper (and the 1-pellet lever was on 

the left, as opposed to vice versa). In addition, this variable explained a great deal 

of the subject-level variance in the overall probability of lever choice, although the 

unexplained subject-level variance in lever choice across probe value remained 

significant. Table 2.18 shows these coefficient estimates, which (for brevity and 

consistency's sake) are taken from the 'all latencies' model. The high significance 

of the 'Position of the 2-pellet lever' term persisted after Room (i. e. the room in 

which the rat's were trained and tested: either Room A or B), and a two-way 

interaction of Room with Position of the 2-pellet lever, were added, neither of which 

were significant (see Equation 0.19 and Equation 0.20, in the Appendix, for the 

respective models). Finally, it's interesting to note that the two subjects who had a 

considerable bias towards pressing the `2-pellet' lever in measurement phase 1 

(subjects 6 and 8; see Figure 2.25), both had the `2-pellet' lever assigned to their 

right-hand side. 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Intercept Random at 0.012 (0.012) 1.067 1 0.302 
subject level 

Probe value Random at 0.303 (0.131) 5.379 1 0.020 * 
subject level 

Fixed 6.009 (0.302) 396.513 1 <0.001 ** 

(Probe value) Random at 0.729 (0.370) 3.874 1 0.049 
subject level 

Fixed 0.921 (0.391) 5.547 1 0.019 * 

Position of the 2-pellet Fixed 0.534 (0.063) 71.852 1 <0.001 ** 
lever 

Table 2.18 As Table 2.6, but derived from a modifed model, as specified in Equation 0.17, in the 
Appendix. 

Summary of single-frequency probe lever choice analyses 

The multilevel analysis in MLwiN found a range of significant interactions, including 

measurement phase with treatment (indicating an 'optimistic' shift in the 

responding of the UHT rats, compared to the Control group), measurement phase 
with contingency, and a significant three-way interaction between all three terms. 

Looking more closely at the performance of individual rats in the two measurement 
phases, two subjects, in the Control / 2kHz=2pell group, with an unusually high 
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probability of pressing the `2-pellet' lever in phase 1 were likely to have made a 

particularly large contribution to these findings, and also to the highly-significant 

contribution of a term pertaining to the position (left or right) of the `2-pellet' lever. 

Otherwise, the pattern of responding of the 4kHz=2pell contingency group 

described a shallower curve across probe value, with a smaller difference between 

the points of maximum and minimum responding on the `2-pellet' lever, than the 

2kHz=2pell contingency group. More generally, the analysis indicated that the 

2kHz=2pe11 contingency group were overall more `pessimistic': i. e. overall less 

likely to press the `2-pellet' lever. Presses on the '2-pellet' lever were overall 

slower than presses on the `1-pellet' lever, although further investigations of 

latency were left to subsequent analyses, described in the relevant section below. 

In general, these findings were in good agreement with the results from a 

preceding analysis (see Appendix C), in which repeated-measures ANOVAS were 

conducted on various aspects of fitted probit functions. For example, the latter 

indicated relatively little change in the point of bisection (i. e. the probe value at 

which there was an estimated even chance of pressing either lever) across 

measurement phase, with the notable exception of subjects in the Control / 

2kHz=2pell group, who were considerably more 'pessimistic' in the second 

measurement phase compared to the first. In addition, the analyses of the fitted 

probit functions concurred closely with the fitted curves derived in MLwiN (e. g. see 

Figure 2.23), with the 2kHz=2pell group more 'pessimistic' at the point of bisection, 

and also with regard to responding to the intermediate probe value closest to the 

`1-pellet' reference tone, whilst there was no significant main effect of contingency 

with respect to responding to the intermediate probe value closest to the '2-pellet' 

reference tone. 

Single-frequency test sessions: latency 

Figure 2.27 and Figure 2.28 plot the mean latency to press the lever associated 

with 2 pellets of food, across kHz, for the 2kHz=2pell and 4kHz=2pell contingency 

groups, respectively, whilst Figure 2.29 and Figure 2.30 plot the mean latency to 

press the lever associated with 1 pellet of food, across kHz, for the 2kHz=2pell and 
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4kHz=2pell contingency groups, respectively. As discussed on page 70, the 

latency data was analysed in a multi-level model using the statistical software 

package MLwiN, following an earlier analysis using repeated-measures ANOVAs 

in SPSS (see Appendix C); the former analysis is described below, and concludes 

with a summary section comparing the results with the latter. 
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Figure 2.27 '2-pellet' lever latency: 2kHz=2pell. The mean latency, in seconds, for the 
2kHz=2pell contingency group to press the lever associated with 2 pellets of food, by measurement 
phase / treatment group, across kHz (+/- 1 SEM. N. B. the means and SEM are derived from data 
summarised at the subject-level (note: if, in one of the measurement phases, a subject never 
pressed this particular lever following one of the kHz tones, that subject did not contribute to the 
corresponding summary datapoint69); in addition, the data pertaining to the 'reference tones' (i. e. 
2kHz and 4kHz) are taken from the non-reinforced trials only). 

69 An alternative would have been to enter a maximum 'timed-out' latency, but since each trial terminated following a lever 
press (rather than being timed-out), it is not clear what value any such maximum latency would take. 
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Figure 2.28 `2-pellet' lever latency: 4kHz=2pe11. As Figure 2.27, but for the 4kHz=2pell 
contingency group. 
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Figure 2.29 `1-pellet' lever latency: 2kHz=2pell. As Figure 2.27, but for presses made on the 
lever associated with 1 pellet of food. 
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Figure 2.30 '1-pellet' lever latency: 4kHz=2pell. As Figure 2.27, but for presses made on the 
lever associated with 1 pellet of food, for the 4kHz=2pe11 contingency group. 

Latency to press a lever in the single-frequency test sessions: a multi-level 

general linear model in MLwiN 

As discussed on p. 74, the latency to press a lever in the single-frequency probe 

sessions was analysed in a multilevel model using MLwiN (of course, it was 
introduced as a predictor (x) variable in the multilevel analysis of lever choice, 

above, but here it is modelled as the response (y) variable). 

Since our inspections of the raw latency data revealed a marked positive skew, 

some form of transformation was likely to be necessary to meet the assumptions of 

a general linear model. After exploring various models and accompanying 

residuals, a negative reciprocal root transformation was chosen70 with seven 

70 i. e. -1/ 
vy (the minus sign maintains the same order in the data). Our initial testing of the assumptions found a log- 

transformation did not sufficiently normalise the data (i. e. was too 'weak'), and a negative inverse transformation increased 
the variance of the smaller predicted (fitted) values too greatly (i. e. was too 'strong'); the negative reciprocal root, 
intermediate to these two in 'strength' of transformation (e. g. Emerson, 1991), was therefore thought a good choice. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

outliers of the shortest latency omitted (all <_ 0.12 seconds)". See later for a 

further examination of whether the data met the assumptions of the model. 

As the multilevel analysis of lever choice, indicated, excluding datapoints with 
higher latency values had a substantial effect on the estimates of the latency 

predictors themselves, but less so on the other terms in the model. The 

transformation we employ in the current analysis shifts higher latency values closer 

to those values of lower latency, and so any disproportionate influence such high 

latency outliers would otherwise have had is likely to be diminished. More 

generally, we thought it better to model as full a dataset as possible, rather than 

introduce a cut-off which, whilst not arbitrary, is based on operant tasks using other 

paradigms (Crystal, 1999,2001). - However, we do later re-run the model with the 

abridged (s3 seconds) dataset to gauge the effects of the higher latency 

datapoints. 

The hierarchy of the dataset was defined in the same way as in the multilevel, 

analysis of lever choice: i. e. with trial (n=8619) at Level 1, nested within subject 

(n=, 16) at Level 2., 

The value of -2 log*likelihood (see p. 76) was taken from a single-level model with 

only an intercept term (Equation 0.21 in the Appendix shows the output from 

MLwiN: the relevant statistic is listed at the bottom)72. The intercept was then 

allowed to randomly vary at the_ subject-level (i. e. a simple 'random intercept'- 

model was fitted; Equation 0.22 in the Appendix), and the value of -2 log*likelihood 

was taken from this model. An LRT statistic was then obtained by subtracting one 

of these values from the other, and the significance of this statistic was obtained by 

reference to a X2 distribution with one degree of freedom. This indicated that there 

71 The transformation used in this analysis shifts very small values (e. g. 50.12) far away from datapoints of larger value (as 
would a negative Inverse transformation). When examining whether the assumptions of the model were satisfied, these 
appeared as far outliers on the plots of the standardised residuals we inspected. Since there were so few points with a"" 
latency under or equal to 0.12 seconds (7 out of a dataset of 8626), which did not form a separate 'population' in the series 
(I. e. latencies of 0.14,0.16,0.18, etc. seconds, remained in the dataset), it was thought very unlikely that excluding these 
points would change the dataset in a manner which would misrepresent the biological significance of the data, and so they 

"were simply omitted so that the assumptions of the model could be better satisfied. 
72 As In the multilevel analysis of lever choice, it's not necessary to refer to all the equations provided in the Appendix - they_ 
are simply for reference, should the reader wish to study other aspects of the model not reported in the main text. 
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was a highly-significant improvement in the fit of the model to the observed data: 

i. e. there was a highly-significant amount of variation in latency between subjects 
(12423.940 (-2 log*Li) - 10839.530 (-2 log*L2) = 1584.41 (LRT statistic), 1 d. f., 

p<0.001). At this early stage of model building73, we can also see how much of the 

variation in latency can be attributed to each level by calculating the variance 

partition coefficient (VPC), which divides the subject-level variance by the total 

variance: i. e. 0.043/(0.043 + 0.204) = 0.174. Therefore, around 17.4% of the 

variance in latency is due to differences between subjects. 

As in the analysis for lever choice, probe value terms were then added, up to a 

cubic function. Initially, they were added as fixed effects, and this significantly 

improved the fit of the model (10839.530 - 10665.090 = 174.44,3 d. f., p<0.001); 

the VPC remained largely unchanged after adjusting for probe value (around 18% 

of variance is attributable to differences between subjects; see Equation 0.23). 

The coefficients of the linear and quadratic terms were then allowed to vary across 

subject (Equation 0.24; the cubic term remained a fixed effect, as in the analysis 

for lever choice), which further improved the fit of the model (10665.090 - 
10544.000 = 121.09,5 d. f., p<0.001) 74: i. e. there was a significant amount of 

subject-level variance in latency across probe value. 

Lever choice (i. e. whether the lever associated with 2 pellets of food was pressed 

or not) was then added as a fixed effect, and the significance of the likelihood ratio 
test indicated this modification improved the model's fit (10544.000 - 10500.380 = 
43.62,1 d. f., p<0.001; Equation 0.25, in the Appendix), indicating a longer latency 

when a response on the lever associated with 2 pellets of food was chosen (as in 

the multilevel analysis with lever choice as the response (y) variable, described 

above). 

73 The variance partition coefficient is less appropriate once a 'random slope' is introduced (e. g. see Centre for Multilevel 
Modelling (CMM)'s online 'frequently asked questions': http: //www. cmm. bdstol. ac. uk/MLw! N/tech-support/support. 
fags/pval. shtml). 

74 This difference in the degrees of freedom is due to the extra variances and covariances produced when these additional 
coefficents are allowed to vary at the subject level (see the covariance matrix at the bottom of Equation 0.24) (Rasbash et 
al., 2005). 
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The shape of the regression curve was then allowed to differ across lever choice 
(i. e. the latency pattern was allowed to differ across probe value, depending on 

whether the '1-pellet' or'2-pellet' lever was pressed), with the addition of two-way 

interactions featuring lever choice and the probe value terms. Again, this resulted 
in a -considerably better fit of the model to the observed data (10500.380 - 
9960.326 = 540.054,3 d. f., p<0.001; Equation 0.26, in the Appendix). 

Contingency, which was then added as a main effect, was not a significant term 

(apparent, for example, by comparing the LRT statistics (9960.326 - 9960.324 = 
0.002,1 d. f., p=0.964), or conducting .a 

Normal distribution test on the ratio 
between the ý estimated ý coefficient of contingency, and its standard error 
(0.004/0.100 = 0.04, p=0.484); , 

Equation, 0.27, in the Appendix), indicating no 

overall difference in latency between the two contingency groups. 

Interactions of contingency with the probe value terms and with lever choice were 

then explored up to a three-way interaction. The full model (i. e. with the three-way 

interaction and all lower-order terms necessary to respect marginality) resulted in a 

highly-significant improvement. in the fit of the model (9960.324 - 9814.120 = 

146.204,7 d. f., p<0.001, Equation 0.28, in the Appendix). As discussed in the 
multilevel analysis of lever choice (above); fitting high-order interactions to a model 

can risk over-fitting: compromising explanatory, or predictive, power with an over- 

elaborate equation. ̀ However, in this instance, there', are theoretical reasons to 

include these interactions (e. g. Aiken & West, 1991): for. example, it's reasonable 
to expect the two contingency groups to differ in the speed with which they press 

one or other of the levers (e. g. perhaps on account of one of the reference tones 

(i. e. 2kHz or 4kHz) being more -salient than the other), to therefore differ across 
probe value, and for there to be an interaction between all three. Therefore, it was 
thought best to preserve this three-way interaction. 

Similarly, measurement phase, when added solely as a main effect, made little 

contribution to the model (9814.120 - 9811.991 = 2.129,1 d. f., ' p=0.145; Equation 

0.29,: in the, Appendix), indicating there was no overall effect of measurement 
phase on the speed with which a lever response was made. However, the fit of the 

model was improved when measurement phase was interacted with lever choice 
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(Equation 0.30; 9811.991 - 9802.132 = 9.859,1 d. f., p=0.002), and an inspection 

of the coefficients revealed that the subjects were overall quicker to press the '2- 

pellet' lever, and slower to press the `1-pellet' lever, in the second measurement 

phase, compared to the first measurement phase. There was also a significant 

interaction (in a variety of models we investigated) between measurement phase 

and contingency, and an inspection of the coefficients revealed that the 2kHz=2pell 

group were slower, and the 4kHz=2pell group were faster, to record a lever press 

response in the second measurement phase, compared to the first (e. g. 9802.132 

- 9788.931 = 13.201,1 d. f., p<0.001; Equation 0.31). The interaction between 

measurement phase and the probe value terms did not improve the fit of the model 

(again, this was explored in a variety of equations), indicating there was no change 

in the shape of the regression curve between the two measurement phases (e. g. 

9788.931 - 9783.341 = 5.590,3 d. f., p=0.133; Equation 0.32, in the Appendix). 

Rather than fit higher-order interactions featuring measurement phase, in order to 

preserve some parsimony in the model, the higher-order terms were limited to the 

two-way interactions explored above, of which measurement phase*lever choice 

and measurement phase*contingency remained. 

The addition of the final term of main interest, treatment, significantly improved the 

fit of the model, indicating that rats in the UHT group had a significantly shorter 
latency. i. e. made significantly quicker lever press responses (9788.931 - 
9781.123 = 7.808,1 d. f., p=0.005; Equation 0.33). Treatment*Measurement phase 
further improved the fit of the model to the observed data (9781.123 - 9772.200 = 
8.923,1 d. f., p=0.003; Equation 0.34), and inspection of the coefficients indicated 

that the UHT group were quicker to record a lever press response, compared to 

the control group, in both measurement phases, but this difference was greater in 

measurement phase 2: i. e. the latency of the Control group to record a lever press 
became greater across measurement phase (i. e. they got slower), whereas the 

latency of the UHT group to record a lever press became slightly smaller across 

measurement phase (i. e. they got slightly faster). 

A 'variety of other interactions, featuring treatment, were explored, in a variety of 

models: a number of the lower-order interactions made a non-significant 

contribution to the model (e. g. Treatment*Contingency; Treatment*lever choice; 
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Treatment*probe value; Treatment*contingency*measurement phase; 
Treatment*measurement phase*lever choice), whilst models fitted up to higher- 

order interactions (e. g. Treatment*measurement phase*lever choice*probe value, 

etc. ) did significantly improve the fit. However, whilst some of these higher-order 

interactions are of theoretical interest, it's rather hard to distil meaning from such 

elaborate models; therefore we leave some of this closer analysis to two subsidiary 
investigations, described later in this section, which only model the data from one 
lever. 

These interactions were removed, leaving only treatment and 
treatment*measurement phase (Equation 0.34, in the Appendix), and predictions 

were generated from this equation. Figure 2.31 to Figure 2.34 chart the results75. 
The different patterns of latency across probe value for each of the contingency 

groups is apparent in the plots, as is the main effect of treatment, with the rats in 

the UHT group recording a lever press consistently faster than the rats in the 

Control group. The plots of the residuals, in the Appendix (see Figure 0.19 to 

Figure 0.22), suggest the model's assumptions are reasonably well upheld. In 

addition, the model was re-run, but only modelling those datapoints of an 
(untransformed) latency under or equal to 3 seconds (n=8,164): as Equation 0.35, 

in the Appendix, shows, whilst there are some changes to the coefficient estimates 
(as would be expected when modelling an abridged dataset), the interpretations 

from the model remain very similar. 

75 Backtransformation = 1/(y2) 

116 



--- Pka.. I/ UNT/2kH, -1p. ö 

--. Pbc. v 1. sn+n1;: YHi-. 'pil 

CoMOI/k}"ipII --- Pkav I/ 

0 V 
d 
N 

T 
V 
C 
d 
N 

J 

5 

Probe Value (Standardised Scale) 

Figure 2.31 The latency (in seconds) to press the lever associated with 2 pellets of food (as 
opposed to the lever associated with 1 pellet of food) across different values of the probe stimuli (a 

standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food), by measurement 
phase / treatment / contingency group. These predicted lines were generated from the model and 
estimates in Equation 0.34. 
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Figure 2.32 As Figure 2.31, but with kHz on the x-axis. 
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Figure 2.33 The latency (in seconds) to press the lever associated with 1 pellet of food (as opposed 
to the lever associated with 2 pellets of food) across different values of the probe stimuli (a 
standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food), by measurement 
phase / treatment / contingency group. These predicted lines were generated from the model and 
estimates in Equation 0.34. 
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Figure 2.34 As Figure 2.33, but with kHz on the x-axis. 

Finally, as in the multilevel analysis with lever choice as the response (y) variable 

(described above), the Position of the 2-pellet lever was added to the model, 
together with the Room in which the rats were tested, and the interaction between 
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the two terms, however, none of these modifications improved the fit of the model 
(e. g. 9772.200 - 9772.140 = 0.060,1 d. f., p=0.807; Equation 0.36, in the 

Appendix). 

As mentioned earlier, we produced models with quite a high degree of complexity 

when building our regression equations, above, and it was difficult to distill the 

precise meaning of some of the higher-level interactions we encountered. 
Therefore, we conducted two subsidiary analyses, each modelling the data from 

only one of the two levers (i. e. the `2-pellet' or `1-pellet' lever, respectively), thus 

simplifying the models. In these subsidiary analyses, we used very similar model- 
fitting procedures to those described above, so rather than introduce them again in 

detail, we present a more brief account here, with the main points of interest. 

The analysis of the '2-pellet' lever data (n=4,594) revealed that adding treatment, 

as a main effect, significantly improved the fit of the model (4907.670 (Equation 

0.37) - 4902.605 (Equation 0.38) = 5.065,1 d. f., p=0.024), with the UHT group 

quicker than the control group to press the `2-pellet' lever. There was also a 
highly-significant treatment*measurement phase interaction (4902.605 (Equation 

0.38) - 4889.834 (Equation 0.39) = 12.771,1 d. f., p<0.001), indicating that whilst 
the UHT group were quicker to press the `2-pellet' lever in both measurement 

phases, this difference was greater in Phase 2. The addition of three-way 

interactions between treatment, measurement phase and the probe value terms, 

also significantly improved the fit of the model (e. g. 4889.834 (Equation 0.39) - 
4869.060 (Equation 0.40) = 20.774,9 d. f., p=0.014), indicating that the shape of 
the regression curve differed across measurement phase as a function of which 
treatment group the rats were in. Figure 2.35 plots the predictions from this 

model76; again, the significance of such a higher-level interactions can be difficult 

to localise, but the plot describes a quicker latency for the UHT treatment group in 

measurement phase 2 to press the `2-pellet' lever when presented with those 

probe values far from the '2-pellet' reference tone (these are highlighted on the 

chart), whereas there is no such trend for the control treatment group (Figure 0.23 

76 We only present the plot with kHz on the x-axis (rather than the standardised probe value scale), as it is easier to 
distinguish each line in the chart. 
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to Figure 0.25, in the Appendix, plot the residuals from this equation; these suggest 

the model's assumptions were reasonably well upheld). 
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Figure 2.35 The latency (in seconds) to press the lever associated with 2 pellets of food, across 
kHz, by measurement phase / treatment / contingency group; the red arrows and loops refer to 
interactions covered in the main text. These predicted lines were generated from the model and 
estimates in Equation 0.40, which only modelled the `2-pellet' lever data. 

The analysis of the `1-pellet' lever data found that the addition of measurement 

phase significantly improved the model's fit (4752.508 (Equation 0.41) - 4741.132 

(Equation 0.42) = 11.376,1 d. f., p<0.001), with presses on the '1-pellet' lever 

overall slower in Phase 2, compared to Phase 1. There was also a significant main 

effect of treatment (4726.413 (Equation 0.43) - 4719.563 (Equation 0.44) = 6.85,1 

d. f., p=0.009) with the UHT group pressing the lever more quickly, but, unlike the 

analysis of the `2-pellet' lever data, the interaction between treatment and 

measurement phase was not significant (4719.563 (Equation 0.44) - 4718.442 

(Equation 0.45) = 1.121,1 d. f., p=0.290), nor were three-way interactions between 

treatment, measurement phase and probe value (4738.659 (Equation 0.46) - 
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4728.050 (Equation 0.47) = 10.609,7 d. f., p=0.157)77. Otherwise, the fit of the 

model was significantly improved by the addition of a two-way interaction between 

measurement phase and contingency (4741.132 (Equation 0.42) - 4726.413 

(Equation 0.43) = 14.719,1 d. f., p<0.001; indicating that in the second 

measurement phase, the 2kHz=2pell contingency group were slower, and the 

4kHz=2pell contingency group were faster, than in the first measurement phase), 

and a three-way interaction between measurement phase, contingency and 

treatment (4719.562 (Equation 0.48) - 4701.103 (Equation 0.49) = 18.459,3 d. f., 

p<0.001). Figure 2.36 plots the predictions from a model featuring this latter 

interaction, indicating that all the treatment / contingency subgroups are slower to 

press the `1-pellet' lever in the second measurement phase, except the UHT / 

4kHz=2pell group, which are faster. Figure 0.27 and Figure 0.30, in Appendix, plot 

the residuals from this model, suggesting its assumptions are reasonably well met. 
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Figure 2.36 The latency (in seconds) to press the lever associated with 1 pellet of food, across 
kHz, by measurement phase / treatment / contingency group. These predicted lines were 
generated from the model and estimates in Equation 0.49, which only modelled the '1-pellet' lever 
data. 

77 N. B. the cubic terms were deleted from this model to allow it to converge. 

121 



CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

Summary of the single-frequency probe latency analyses 

The multi-level analysis conducted in MLwiN found that the UHT group were 

overall significantly quicker to record a lever press: both with regard to pressing 
any lever, and also with regard to pressing each individual lever (i. e. they were 

quicker to press the '2-pellet' lever, and also quicker to press the '1-pellet' lever). 

This difference between the two treatment groups was particularly pronounced in 

the second measurement phase, both with regard to the latency to press any lever 

(the Control group were slower in phase 2 than they were in phase 1, whilst the 
UHT group were slightly faster in phase 2 compared to phase 1), and specifically 

with regard to the latency to press the '2-pellet' lever (the Control group were 

slightly slower to press this lever in phase 2 compared to phase 1, whilst the UHT 

group were considerably faster in phase 2 than they were in phase 1). Incidentally, 

the analysis of the operant training data, described towards the start of this section, 

similarly found that the UHT group were quicker to record a lever press response in 

the second measurement phase than they were in the first, especially with regard 
to the '2-pellet' reference trials. 

For the UHT group, the difference in the speed with which the '2-pellet' lever was 
pressed across measurement phase was particularly apparent for probe values far, 

from the `2-pellet' reference tone. All treatment / contingency subgroups were 

slower, to press the `1-pellet' lever in phase 2, compared to phase 1, except for 

those rats in the UHT / 4kHz=2pell group. The analysis additionally indicated (as 

did the earlier analysis modelling lever choice as the response (y) variable) that 

presses on the '2-pellet' lever were overall slower than presses on the '1-pellet' 
lever, although presses on the '2-pellet' lever were faster in the second 
measurement phase than they were in phase 1, and vice versa for presses on the 
'1-pellet' lever. 

The analysis of the latency data conducted in MLwiN was generally in good 
agreement with an earlier, exploratory analysis using repeated-measures ANOVAS 
in SPSS (see Appendix C). The ANOVAS found non-significant trends for the UHT 

group to be overall faster to press any lever, and also to specifically press the '2- 

pellet' lever. In addition, each type of analysis found that the 2kHz=2pell 
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contingency group were slower, and the 4kHz=2pell group were faster, to press the 

`1-pellet' lever in the second measurement phase compared to the first (at least to 

a near-significant lever in the repeated-measures analyses). Finally, the plots of 

the data accompanying the repeated-measures ANOVAS suggested the difference 

between the two treatment groups in latency, at least with respect to pressing any 
lever, and with respect to pressing the `1-pellet' lever, was greater in the second 

measurement phase than in the first, although none of the interactions between 

treatment and measurement phase were significant in those analyses. 

Dual-frequency probe trials 

Lever choice 

The mean percentage of presses on the lever associated with 2 pellets of food 

following presentation of the probe stimuli in each dual-frequency probe session 

was taken for each subject, and analysed in a repeated-measures GLM, with 

measurement phase as a within-subjects factor, and contingency and treatment as 
between-subjects factors. There was a highly-significant main effect of 

contingency, but no other significant main effects nor interactions, although the 

main effect of treatment, and the three-way interaction between all three factors 

neared significance at the 0.05 level (measurement phase: F1,12=1.755, p=0.210; 

treatment: F1,12=3.802, p=0.075; contingency: F1112=64.691, p<0.001; 

measurement phase * treatment: F1,12=1.755, p=0.210; measurement phase 
contingency: F1,12=2.337, p=0.152; treatment * contingency: F1,12=1.485, p=0.246; 

measurement phase * contingency * treatment: F1112=3.747, p=0.077). As Figure 

2.37 indicates, the percentage of ('optimistic') presses on the lever associated with 
2 pellets of food is consistently greater for the 4kHz=2pell contingency group. The 

responding of the various treatment / contingency subgroups is fairly consistent 

across measurement phase, except for the Control/ 2kHz=2pell group which has a 
`pessimistic' downshift in responding. 
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Figure 2.37 The mean percentage of presses on the lever associated with 2 pellets of food 
following presentation of the probe tones in the dual-frequency probe sessions for each of the 
Treatment / Contingency groups, across Measurement phase (+1- 1 SEM). 

Latency 

The mean latency to press either lever (i. e. regardless of that lever's identity) in the 

probe trials was taken for each subject for each dual-frequency test session, and 

analysed (following a negative inverse-transformation) in a repeated-measures 

GLM of the same design as that employed above. Treatment, as a main effect, 

was significant, as was the two-way interactions between measurement phase and 

contingency; all other main effects and interactions were non-significant 
(measurement phase: F1,12=1.268, p=0.282; treatment: F, 12=7.605, p=0.017; 

contingency: F1,12=2.546, p=0.137; measurement phase * treatment: F1 112=0.006, 

p=0.942; measurement phase * contingency: F1,12=9.675, p=0.009; treatment * 

contingency: F-i, 12=1.644, p=0.224; measurement phase * contingency * treatment: 

F1112=3.645, p=0.080). Figure 2.38 plots the mean latency across measurement 

phase for each of the treatment groups, indicating that the UHT group are 

consistently quicker to make a lever-press response. Figure 2.39, which plots the 

same data, but summarised by contingency group, indicates that whilst each of the 

contingency groups had similar latencies in phase 1, the 4kHz=2pell group are 
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quicker to record their lever responses in phase 2, whilst the 2kHz=2pe11 group are 

slightly slower than they were in phase 1. 

2.50 

2.00 

H 

C 1.50 
0 u 

V 
c 
. 1.00 
J 

0.50 

0.00 
Phase 1 Phase 2 

+ Control 
f UHT 

Figure 2.38 The mean latency to press either lever in the dual-frequency probe trials, across 
measurement phase for each treatment group (+/- 1 SEM). 
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Figure 2.39 The mean latency to press either lever in the dual-frequency probe trials, across 
measurement phase for each contingency group (+/- 1 SEM). 
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As in the analysis for the single-frequency probe tests, additional analyses were 

conducted on the latency to press each different lever (i. e. as a function of whether 
it was associated with 1 or 2 pellets of food). The (negative inverse-transformed) 

latency to press the lever associated with 1 pellet of food in the dual-frequency 

probe trials was analysed using the same repeated-measures model; this found no 

significant main effect nor interactions, although treatment, as a main effect, 

neared significance at the 0.05 level (measurement phase: Fß. 12=0.040, p=0.844; 
treatment: F1,12=4.612, p=0.053; contingency: F112=0.313, p=0.586; measurement 

phase * treatment: F1,12=0.225, p=0.644; measurement phase * contingency: 
171,12""0.001, p=0.995; treatment * contingency: Fß, 12=0.019, p=0.891; measurement 

phase * contingency * treatment: F1,12=0.199, p=0.664). Figure 2.40 shows the 

change in mean latency across measurement phase for each of the treatment 

groups, revealing a similar pattern to the latency to press any lever (above): i. e. the 

UHT group are consistently quicker to make a lever-press response. 
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Figure 2.40 The mean latency to press the lever associated with 1 pellet of food in the dual- 
frequency probe trials, across measurement phase for each treatment group (+/- 1 SEM). 

The (log-transformed) latency to press the lever associated with 2 pellets of food in 

the dual-frequency probe trials was analysed in the same way; there was a 

significant main effect of contingency, with the 4kHz=2pell group quicker to press 

the lever, whilst all other main effects and interactions were non-significant, 

although the two-way interaction between measurement phase and contingency 

neared significance at the 0.05 level (measurement phase: F1,12=0.307, p=0.590; 
treatment: F1112=1.750, p=0.211; contingency: Fß. 12=14.548, p=0.002; 

measurement phase * treatment: F1,12=0.006, p=0.942; measurement phase * 

contingency: F1112=4.554, p=0.054; treatment * contingency: F1112=0.700, p=0.419; 

measurement phase * contingency * treatment: F1112=0.723, p=0.412). Figure 2.41 

shows the change in mean latency across measurement phase for each of the 

treatment groups, indicating little difference, and Figure 2.42 shows the change in 

mean latency across measurement phase for each of the contingency groups, 
indicating that the 4kHz=2pell group are consistently quicker to press the `2-pellet' 

lever in the dual-frequency probe trials. 
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Figure 2.41 The mean latency to press the lever associated with 2 pellets of food in the dual- 
frequency probe trials, across measurement phase for each treatment group (+/- 1 SEM). 
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Figure 2.42 The mean latency to press the lever associated with 2 pellets of food in the dual- 
frequency probe trials, across measurement phase for each contingency group (+/- 1 SEM). 
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Accuracy in reference trials 

Finally, an exploratory analysis was conducted on the accuracy of responding in 

the reference trials (i. e. whether the `correct' lever was pressed in those trials in 

which 2kHz or 4kHz were presented), again using repeated-measures GLMs, with 

measurement phase as a within-subjects factor, and treatment as a between- 

subjects factor; each trial type (i. e. `1-pellet', '2-pellet' and 'all trials') was analysed 

separately. All main effects and interactions were non-significant, bar the 

interaction between treatment and measurement phase in the analysis modelling 

`2-pellet' trial accuracy (treatment*measurement phase: F, 14=6.387, p=0.024), and 
in the analysis modelling accuracy across `all trials' (treatment*measurement 

phase: F1,14=5.587, p=0.033). Figure 2.43, which plots the mean percentage of 
`correct' responses in the reference trials by treatment group, across measurement 

phase, indicates that the UHT group were more accurate in all trials in the second 

measurement phase, compared to the first, whereas the Control group were less 

accurate in the second measurement phase, compared to the first, across all trials, 

and also specifically in the `2-pellet' trials. 
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Figure 2.43 The mean percentage of 'correct' responses in the reference trials of the dual- 
frequency probe sessions, in each of the two measurement phases, by treatment. The data are 
summarised by trial type (+/- 1 SEM). 

Summary of dual-frequency probe analyses 

As in the analyses of the single-frequency probe data, the analysis of lever choice 

in the dual-frequency probe sessions found a (near-significant) tendency for the 

2kHz=2pell contingency rats in the Control group to respond more 'pessimistically' 

in measurement phase 2, compared to phase 1, indicating that the change in their 

response pattern across measurement phase remained relatively consistent across 

the different types of probe-testing (i. e. across both single-frequency and dual- 

frequency probe test sessions). More generally, the 2kHz=2pell contingency group 

were overall more 'pessimistic' when responding to the dual-frequency probe trials, 

as found in the analyses of the lever choice data from the single-frequency probe 

sessions. 

Again, as in the analyses of the single-frequency probe data, the UHT group were 

significantly faster to record a lever press response in the dual-frequency probe 
trials, at least when all lever presses were grouped together (and also to a near- 
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significant level with regard to only those presses on the '1-pellet' lever). 

Otherwise, the 4kHz=2pe11 contingency group were overall faster to press the '2- 

pellet' lever. In addition, they were also faster to press any lever in the second 

measurement phase, compared to the first, whereas the opposite was true of the 

2kHz=2pe11 group (this interaction also neared-significance for the latency to 

specifically press the `2-pellet' lever); again, the significance of this interaction is in 

keeping with that found in the analyses of latency pertaining to the single- 

frequency probe test sessions. 

Finally, the analysis of response accuracy in the reference trials indicated that the 

UHT group were overall more accurate in the second measurement phase, 

compared to the first, whereas the opposite was true for the Control group; this 

significant interaction was also found when solely analysing the `2-pellet' trials. 

Concurrent tests 

Time taken to eat 50 pellets of food 

The time taken, in seconds, to eat 50 pellets of food was negative inverse- 

transformed, and submitted to a repeated-measures GLM, with measurement 

phase as a within-subject factor (with two levels: pre-treatment and post- 

treatment), and treatment as a between-subject factor. Measurement phase had a 

significant main effect, with a shorter latency to eat the 50 pellets post-treatment, 

whilst treatment, as a main effect, and the interaction between the two terms, were 
both non-significant (measurement phase: F11 12=6.289, p=0.025; treatment: 

F1,12=1.455, p=0.248; measurement phase * treatment: F1,12=0.035, P=0.854). 
Figure 2.44 shows the mean latencies for each treatment group across 

measurement phase: both treatment groups eat the 50 pellets of food more quickly 

when tested the second time (i. e. post-treatment). 
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Figure 2.44 The mean latency (in seconds) to eat 50 pellets of freely-available food, by treatment 
group across measurement phase (+/- 1 SEM). 

Lever-based progressive ratio test with food reinforcement 

All test sessions terminated before 60 minutes (i. e. the maximum session length) 

had elapsed. The total number of times the lever was pressed during the 

progressive ratio test session was taken for each subject, and submitted to an 
independent-samples t-test, which found no significant effect of treatment 

(t13=0.289, p=0.778). 78 Figure 2.45 shows the mean number of lever presses for 

each treatment group. 

78 As mentioned in the Method section, one subject in the control group was excluded from this test due to ill-health on the 
test day. 
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Figure 2.45 The mean number of times the lever was pressed in the progressive ratio test session 
by treatment group (error bar =1 SEM). 

Tests of `food motivation': concurrent validity 

The latency to eat 50 pellets of food post-treatment was correlated with the (log- 

transformed) total number of lever presses made in the progressive ratio test 

session (which was only conducted post-treatment). This correlation was highly- 

significant (r=0.670, d. f. =13, p=0.006), indicating that the rats pressing the lever 

more during the progressive ratio session also took longer to eat 50 pellets of 
freely-available food. Figure 2.46 plots this relationship, and indicates the 

presence of an outlying datapoint with the highest value on each axis, which is 

some distance from the other datapoints; an additional analysis which excluded 

this point found the correlation neared significance at the 0.05 level (rr0.526, 

d. f. =12, p=0.053). This relationship is contrary to that hypothesised by good 

concurrent validity. 
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Figure 2.46 The (log-transformed) total number of times the lever was pressed in a progressive 
ratio test with food reinforcement against the time taken to eat 50 freely-available food pellets (in 
seconds). 

Sucrose consumption: homecage-based test 

The amount of sucrose solution consumed as an (arcsin-square-root-transformed) 

proportion of total fluid (i. e. water and sucrose solution) consumed in each 
homecage was submitted to a repeated-measures GLM, with measurement phase 

as a within-subjects factor (with four levels: a test session conducted pre- 
treatment, and three test sessions conducted post-treatment), and treatment as a 

79 between-subjects factor. Inspection of the adjusted univariate output, and 
multivariate output, revealed the interaction between measurement phase and 
treatment was non-significant, whilst measurement phase was non-significant in 

the multivariate output, and bordered significance at the 0.05 level in the adjusted 

univariate output (e. g. the Greenhouse-Geisser univariate adjustment yielded 

measurement phase: F1055,6.333=5.767, p=0.050; and measurement phase * 

79 The residuals from the pre-treatment measurement phase failed the formal test of normality (e. g. Kolmogorov-Smimov: 
p=0.049), and an inspection of the residual plots suggested this was due to a low-value outlier. None of the transformations 
we explored remedied this without compromising assumptions elsewhere, and the transformation we present in the text 
represented the best compromise. 
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treatment: Fß. 055,6.333=0.048, p=0.846); treatment, as a main effect, was not 

significant (Fi, 6=2.717, p=0.150). Pairwise comparisons conducted with a 

(conservative) Bonferroni correction (e. g. Field, 2000), found no significant 

differences between the various levels of measurement phase, although the p- 

value was lowest when comparing the first test session to the other three. Figure 

2.47 indicates that the mean proportion of sucrose solution consumed increased 

from the lowest value in the first test session to maintain an approximate plateau 

across the next three test sessions. 
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Figure 2.47 The mean amount of sucrose solution consumed as a proportion of total fluid intake 
(i. e. both water and sucrose solution) in a homecage-based sucrose preference test, by treatment 
across measurement phase (+/- 1 SEM; since we used an arsin-square-root-transformation, which 
requires that the data be expressed as a proportion, we present proportions, rather than 
percentages, on the y-axis). 

Sucrose consumption: individual-based test 

The amount of sucrose solution consumed as a percentage of total fluid (i. e. water 

and sucrose solution) intake was reflected80, then log-transformed prior to analysis 

80 i. e. adding one to the highest value in the dataset, then subtracting each value from this constant; if the data is 
subsequently log-transformed, for example, such 'reflection' can be a good solution for normalising data with a strong 
negative skew (e. g. Quinn & Keough, 2002). 
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in a repeated-measures GLM with measurement phase as a within-subjects factor 

(with two levels: Post-treatment 1 and Post-treatment 2) and treatment as a 

between-subjects factor; none of the main effects nor interactions were significant 
(measurement phase: F1,14=1.051, p=0.323; treatment: F1114=0.046, p=0.833; 

measurement phase * treatment: F1,14=0.028, p=0.869). Figure 2.48 plots the 

mean percentages for each treatment group across measurement phase. 
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Figure 2.48 The amount of sucrose solution consumed, as a mean percentage of total fluid intake 
(i. e. water and sucrose solution) by treatment group across measurement phase (+/- 1 SEM). 

Bodyweights 

The rats' bodyweight, in grams, was analysed in a repeated-measures GLM, with 

measurement phase as a within-subject factor (with five levels: pre-treatment and 
four occasions their bodyweight was measured post-treatment), and treatment as a 
between-subjects factor. Inspection of the multivariate and adjusted univariate 

output found that measurement phase was significant at the 0.05 level in both, 

whilst the interaction between measurement phase and treatment was significant 

only in the multivariate output (e. g. the Greenhouse-Geisser univariate adjustment 

yielded measurement phase: F2.026,28.367=3.398, p=0.047; and measurement phase 
* treatment: F2.026,28.367=2.807, p=0.077; the multivariate output yielded 
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measurement phase: F4,11=10.313, p=0.001; and measurement phase * treatment: 

F4.11=3.948, p=0.032); treatment, as a main effect, was not significant (F1,14=0.002, 

p=0.967). 

Figure 2.49 plots the mean bodyweight for each treatment group across 

measurement phase81. The Bonferroni-corrected pairwise comparisons between 

each day (i. e. the different levels of measurement phase), detailed in Table 2.19, 

indicated there were significant differences between post-treatment 3, in which the 

overall mean was highest, and the two measurement phases immediately 

preceding it. 
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Figure 2.49 The mean bodyweight, in grams, by treatment group across measurement phase 
(weighed on one occasion prior to the treatment, and four occasions after the treatment had started; 
+/- 1SEM). 

81 Note: the data summarised here includes a rat in the Control group who suffered ill-health for a period between the final 
two days of bodyweight measurement (as mentioned earlier, this rat was excluded from the progressive ratio task as a 
result): this rat had the greatest percentage decrease in bodyweight across this period, although the Control group's mean 
bodyweight in the final measurement phase is still slightly lower than the UHT group's when this rat's data is excluded. 
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Measurement phase Compared with... Mean Difference Std. Error p 
(J) (I-J) 

Pre-treatment (0) 1 4.125 1.611 0.226 
2 2.363 2.466 1.000 
3 -1.813 2.189 1.000 
4 -0.644 2.725 1.000 

Post-treatment 1 (1) 0 -4.125 1.611 0.226 
2 -1.763 1.380 1.000 
3 -5.938 1.280 0.004 
4 -4.769 2.001 0.319 

Post-treatment 2 (2) 0 -2.363 2.466 1.000 
1 1.763 1.380 1.000 
3 -4.175 0.823 0.002 
4 -3.006 1.766 1.000 

Post-treatment 3 (3) 0 1.813 2.189 1.000 
1 5.938 1.280 0.004 ** 
2 4.175 0.823 0.002 
4 1.169 1.298 1.000 

Post-treatment 4 (4) 0 0.644 2.725 1.000 
1 4.769 2.001 0.319 
2 3.006 1.766 1.000 
3 -1.169 1.298 1.000 

Table 2.19 Bonferroni-corrected pairwise comparisons of the rats' bodyweight across different days 
(i. e. different levels of measurement phase). 

The (non-corrected) within-subjects interaction contrast82 was highly-significant 

between the pre-treatment and post-treatment 1 measurement phases 
(F1,14=_-10.726, p=0.006), whilst the other interaction contrasts were non-significant 
(p>0.05). Figure 2.50 plots the estimated marginal means of bodyweight for the 

two treatment groups across measurement phase, indicating that the bodyweight 

of the UHT group decreased markedly across these two measurement phases, in 

contrast to the bodyweight of the Control group, which increased slightly during this 

period. 

" The 'repeated contrasts' option was chosen, in which each phase is compared against the one preceding it. 
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Figure 2.50 The estimated marginal means of bodyweight (in grams) across measurement phase 
for each treatment group, derived from the repeated-measures GLM discussed in the text. 

Elevated plus maze (EPM) 

Prior to analysis by treatment, a correlation matrix of several of the main variables 

of interest was first examined83, namely: time spent in open arms; latency to first 

enter an open arm (seconds); (log-transformed) time spent grooming; total number 

of crossings across area boundaries; time spent rearing; total number of head dips 

83 We inspected this matrix to ensure we did not subsequently analyse a number of different variables which were correlated, 
and which therefore may be measuring the same, or similar, underlying behavioural construct (e. g. exploration, 'anxiety', 
etc. ); plus, in a test of finite duration (5 minutes), if performing behaviour A means not performing behaviour B, some are 
likely to be correlated anyway. 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

from open areas; and time spent head-dipping from open areas84. As 

Table 2.20 shows, "there were a number of significant correlations. Perhaps 

predictably, the count and duration data pertaining to the same behaviours (i. e. 

total number of rears and time spent rearing, and also total number of head dips 

from open areas and time spent head-dipping from open areas) had a highly- 

significant positive correlation, and so only one of these methods of measurement 
(i. e. either count or duration) need be considered in further analyses. Time spent 
in the open. arms significantly correlated with a number of other variables, 

indicating that rats who spent a larger amount of time in the open arms had a, - 
shorter latency to first enter those areas, spent less time grooming, and engaged in 

more head-dipping behaviour (perhaps unsurprisingly, since the head-dipping 

occurred from open areas). In addition, rats who spent more time grooming spent 

significantly less time head-dipping (and head-dipped on fewer occasions). The 

total number of crossings across area boundaries had a significant, positive 
correlation with . the head-dipping measures. Finally, the variables measuring 

rearing were not significantly correlated with any of the other variables in the 

matrix. 

Following this inspection of the correlation matrix, the following variables were 

submitted to independent-samples t-tests, with treatment as a between-subjects 

factor: time spent in open arms, the total number of crossings across area 
boundaries, and the time spent rearing. - The time spent in open arms neared 

significance at the 0.05 level (t14=2.087, p=0.056), with the UHT group spending' 

more time in this area of the EPM (see Figure 2.51); however, there was no 

significant difference in the total number of crossings across area boundaries 

(t14=1.216, p=0.244), nor in the time spent rearing (t14=1.570, p=0.139). 

84 The variables which measured duration (e. g. time spent in open arms) were expressed as a percentage of total session 
time (which was the same for each subject). The total number of grooms was not included, as the data could not be 
normalised. 
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Figure 2.51 The mean percentage of test session time spent in the open arms of the elevated plus 
maze (EPM), by treatment (error bars =1 SEM). 

Open field 

Prior to analysis by treatment, a correlation matrix of several of the main variables 

of interest was again examined, namely the (log-transformed) time spent in the 

central area of the arena; total number of areas entered; (square-root-transformed) 

time spent grooming; total number of rears; time spent rearing85 

As Table 2.21 shows, there were a number of significant correlations. Again, as 

one might expect, the count and duration data pertaining to rearing had a highly- 

significant positive correlation. In addition, the time spent in the central area of the 

arena, the total number of areas entered, and the time spent rearing were all 

highly-significantly correlated with each other, indicating that rats who spent more 

time in the central area of the open field arena also spent longer rearing (although 

the relationship with the total number of rears was not significant), and entered a 

es Again, the variables which measured duration (e. g. time spent in open arms) were expressed as a percentage of total 
session time (which was the same for each subject). The total number of grooms was not included, as the data, again, could 
not be normalised. 
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significantly greater number of areas; the total number of rears had a highly- 

significant correlation with the total number of areas entered. Of these variables, 

the total number of areas entered was chosen for further analysis by treatment, 

since the time spent in the central area had a poor spread of values (mean: 1.46% 

of test session time, with values ranging from 0-5.73%; i. e. a likely floor/ceiling 

effect), and otherwise the correlations suggest it may be tapping similar 

behavioural tendencies (perhaps of exploratory activity) as the measurements of 

rearing - in which case only one variable need be analysed further. The time 

spent grooming was not significantly-correlated with any of the other variables, and 

so this was also submitted to further analysis. 

Independent-samples t-tests indicated that the total number of areas entered was 

significantly-greater for the UHT group (t14=2.586, p=0.022; see Figure 2.52), whilst 
there was no significant difference in the time spent grooming (t14=-1.218, 

p=0.243). 

Time spent 
Time spent Total no. grooming 

Total no. of 
rearing rears (square- areas 

root-trans. ) entered 

Time spent in central r 0.714 0.460 0.127 0 628 
l t . rans. ) area ( og- P 0.002 ** 0.073 0.640 0.009 ** 

Total no. of areas r 0.703 0.762 -0.038 nt red e e p 0.002 ** 0.001 ** 0.888 
Time spent grooming r 0.215 -0.124 t rans. ) (square-root- 

p 0.424 0.647 

Total no. rears r 0.671 

p 0.004 ** 

Table 2.21 Correlation matrix featuring a number of variables from the open field test. 
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Figure 2.52 The mean number of floor areas entered in the open field test session, by treatment 
(error bars =1 SEM). 

Addition of novel object to open field arena 

An independent-samples t-test found that the Control group spent a significantly 

larger percentage of test session time in the peripheral area of the test arena (and 

thus less time in the central area) following the introduction of the novel object into 

the central area of the arena (following reflection, then square-root transformation: 

t14=2.854, p=0.013; see Figure 2.53). 

p 
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Figure 2.53 The mean percentage of test session time spent in the peripheral area of the test 
arena following addition of a novel object into the central area, for each treatment group (error bars 
=1 SEM). 

Summary of concurrent test analyses 

There were no significant effects of treatment, either as a main effect, nor as part 

of interactions, in the Time taken to eat 50 pellets of food, the Lever-based 

progressive ratio test with food reinforcement, nor in either of the Sucrose 

preference tests, although, in some, there were main effects of measurement 

phase. Curiously, the results from the two tests of `food motivation' (i. e. the Time 

taken to eat 50 pellets of food, and the Lever-based progressive ratio test with food 

reinforcement) were significantly correlated, but in an opposite direction to that 

predicted by good concurrent validity. 

The bodyweight data indicated that the UHT group lost a significant amount of 

weight at the start of the treatment, compared to the Control group; their weight 
then steadily increased as the treatment progressed, to ultimately recover its pre- 
treatment value. Finally, there was a near-significant trend for the UHT rats to 

spend more of their test session time in the open arms of the elevated plus maze, 

and they were significantly more active, in terms of their movement around the 
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CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

arena, in the open field test, and spent significantly more time in the central area of 
that arena once a novel object had been placed in the middle. 

DISCUSSION 

In this experiment, we trained 16 rats to press a lever when presented with a 

particular auditory tone to receive one pellet of food, and to press a different lever 

when presented with a different auditory tone to receive two pellets of food; the two 

auditory tones we used were 2kHz and 4kHz. Once the rats had learnt this, we 

presented them with auditory stimuli which differed in some way from those with 

which they had been trained., In some of these probe-testing sessions, the rats 

were presented with auditory tones of a single frequency other than 2kHz and 
4kHz: there were nine probe stimuli with frequency values intermediate to the two 

training tones, two with values less than 2kHz, and a further two with frequency 

values greater than 4kHz. In the other probe sessions, we presented probe stimuli 

consisting of both training tones played together. Half the rats then underwent a 
treatment intended to induce a negative change in their affective state: namely a 

series of unpredictable housing events designed to be mildly stressful; for the 

remaining rats, in the control group, the husbandry regime remained as it had done 
before (i. e. relatively 'predictable'). After 19 days of this treatment, all rats 
underwent testing with the probe stimuli once more. In all the probe-testing 

sessions, we recorded the response (lever) choice the rats made when presented 

with the different auditory stimuli, and also recorded their latency to do so. Since, 

in an pilot earlier study, we had established that rats prefer to receive two pellets of 
food over one pellet of food, we hypothesised that subjects undergoing the 

unpredictable housing treatment, designed to induce a negative change in affective 

state, would be more likely to judge ambiguous stimuli as having a relatively 

negative significance, or outcome: i. e. would be more likely to respond to the probe 

stimuli as - if judging ' them to be the tone associated with the least-preferred 

outcome (by pressing the lever associated with one pellet of food). In addition, we 
hypothesised that these rats would be slower to press the lever which had 

putatively more positive associations (i. e. that associated with two pellets of food), 

and faster to press the lever which had putatively more negative (or less positive) 

associations (i. e. that associated with, one pellet of food), relative to controls. 
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Our results did not support our hypotheses: during the treatment phase, the 

unpredictably-housed rats were not more likely to press the lever associated with 

one pellet of food than they had been prior to the start of the treatment, compared 

to rats in the Control group; similarly, with regard to latency, compared to the 

Control group the UHT rats were generally not faster to press the '1-pellet' lever 

during the treatment phase than they were before the treatment started, at least 

not at the expense of the latency to press the '2-pellet' lever. In fact, with regard to 

the lever choice data, it was the Control group who were generally more 

'pessimistic' (i. e. had a higher probability of pressing the '1-pellet' lever) during the 

treatment phase (i. e. during measurement phase 2) relative to their performance at 

'baseline' (i. e. during measurement phase 1). However, a substantial portion of 

this effect was likely due to the behaviour of two rats in the Control group during 

the baseline test sessions: i. e. due to two influential outliers, whose performance 

before any treatment had begun was markedly different from that of the other 14 

subjects. A posteriori, it's difficult to partial out any outlying influence these rats 

had on the statistical models, at least not without making a number of subjective 

judgements which might generally compromise the veracity of the analyses, but it's 

certainly possible they may have masked other differences of interest in the data, 

and we can attempt to make some informed judgements to that end; we will 

address this later, along with a more detailed discussion of the rats' latency to 

record a response. 

Concurrent tests 

First, though, we will turn to the concurrent tests, since these revealed a number of 
noteworthy differences across treatment, which are worth discussing on their own 
terms, but also may help frame our subsequent discussion. Whilst the tests of 
sucrose preference and 'food motivation' (i. e. the time taken to eat 50 pellets, and 
the progressive-ratio test) revealed no significant differences across treatment86, 

the results concerning the elevated plus maze, and the open field arena (before 

Although a test of concurrent validity between these two tasks revealed a curious negative correlation, which we shan't 
pursue further here, but which casts some doubt on the validity of at least one of these tests, as a measure of food 
motivation. 
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and after the introduction of a novel object), and also regarding changes in 

bodyweight across the treatment phase, were much more notable. 

The rats in the UHT group crossed a significantly greater number of area 
boundaries in the open field arena87, spent significantly more time in the central 

area of that arena once a novel object had been placed in the middle, and had a 

near-significant trend to spend more of their test session time in the open arms of 
the elevated plus maze. Both the elevated plus maze, and the open field test used 
in this study involve the enforced confrontation of the experimental subject with a 

novel, heterogeneous environment, certain sections of which offer more cover than 

others. The novel object test differs somewhat from this format, in that the test 

arena is no longer novel (relatively-speaking: i. e. the subjects have been in the 

open field arena for ten minutes prior to the introduction of the novel object), and 

so an unfamiliar (novel) element, is introduced into an environment which is 

increasing in familiarity. As such, these tests are often used as indicators of 
'anxiety-like' states, and traits, with the assumption that an 'anxious' animal will 
have a greater tendency to avoid exposure (i. e. seek cover), and also a greater 
tendency to stay away from novel elements: i. e. will spend less time in the open 

arms of the EPM, less time in the centre of the open field arena, and less time in 

close proximity to the novel object. (e. g. Belzung & Le Pape, 1994; Carobrez & 
Bertoglio, 2005; Ohl, 2003; Prut & Belzung, 2003; van Gaalen & Steckler, 2000). 

Thus, to the extent that these assumptions hold, the behavioural profile of the UHT 

rats in this experiment suggest an anxiolytic effect of the treatment, indicating that 

the UHT rats are less 'anxious', at least at the time of testing, that the Control 

subjects; these findings would, in general, run contrary to that predicted from a 
treatment designed to induce a negative change in affective state: 

So, to what extent do these assumptions hold? Firstly, it's worth noting that, a 
priori, predictions regarding the effect of 'anxiety' on subjects' behaviour in these 

tests are not always obvious (e. g. Paul et al., 2005): for example, we might predict 

an 'anxious'. animal would more actively seek escape from the test apparatus, 

°7 This variable, in turn, had a highly significant positive correlation with the percentage of test session time spent in the 
central area of the arena. 
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perhaps spending more time on the open arms (from which escape is possible, if 

potentially hazardous) (e. g. Holmes et al., 2000), or would more actively engage in 

information-gathering and risk assessment by visiting and assessing exposed 

areas (e. g. Garcia et al., 2005). More generally, whilst the extent of 

psychopharmaceutical validation (i. e. with anxiolytics and anxiogenics), particularly 

with respect to the EPM and the open field test, is considerable, there are notable 
inconsistencies (e. g. Carobrez & Bertoglio, 2005; Hogg, 1996; Prut & Belzung, 

2003), and it is possible that some of these empirical non-sequiturs reflect the 

diversity of a priori predictions, and more generally the complexity of 'anxiety' itself: 

behaviourally, cognitively, physiologically and genetically (e. g. Rodgers, 1997). 

Indeed, tests such as the EPM, open field and novel object, have been employed 

as means to diverse ends: for example, as measures of depression, locomotory 

activity, arousal, emotionality, emotional reactivity, neophobia, exploration, and so 
on (e. g. Belzung & Le Pape, 1994; Gronli et al., 2005; Harris et al., 1997; Kalueff & 
Tuohimaa, 2004; Kelley, 1993; Maslova et al., 2002; Ohl et al., 2001; Roth & Katz, 

1979; Roy & Chapillon, 2004; Strekalova et al., 2005). Of course, there will be 

plenty of investigators who would debate how appropriate some of these tests are 
as measures of the variables I have just listed, but this diversity of application 
nevertheless strongly suggests that these tests may be sensitive to constructs 
which differentially map onto 'anxiety', some of which may be orthogonal to it. 

Measures such as the EPM, open field and novel object test have been used in 

experiments employing treatments similar88 to that used in the current study, and a 
survey of some of the results from these experiments will be instructive with regard 
to noting any precedents, or otherwise, for our findings, and is more generally 

useful in illustrating some of the issues, of prediction and interpretation, that we 
have been discussing. 

For example, whilst some such studies have reported that 'unpredictable stress' 
treatments have had an effect on subjects' behaviour typically interpreted as 

M By similar, we mean treatments consisting of a series of different events whose mode of delivery has an unpredictable 
element (in terms of time of delivery and duration), each of which is designed to be stressful. 
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'anxiogenic' (e. g. Maslova et al., 2002; Zurita et al., 2000)89, others have found no 

effect (e. g. Gouirand & Matuszewich, 2005; Matuszewich et at., 2007; Mineur et al., 

2006; Mitra et at., 2005; Vyas & Chattarji, 2004)90, whilst others still have reported 

the opposite: i. e. an 'anxiolytic-like' effect of these treatments on subjects' 
behaviour (e. g. D'Aquila et at., 1994; Gronli et al., 2005; Harris et al., 1997)91. 

Maslova et al (2002) attempted to account for this variability with reference to 

stressor severity, treatment duration, the interval between the end of the treatment 

and time of testing (they suggested there was a more 'anxiogenic' behavioural 

profile as each of these variables increases), the age of the rodents, and so on: As 

this, implies, there is typically a wide range of such differences between studies,, 

and it is reasonable to cite them when attempting to reconcile contrary results, but 

acknowledging such variation in experimental design is different from providing 

causal and functional explanations which are predictive of behavioural change, and 
given the variability in design and results between studies, this is a very difficult 

objective to achieve. For example, the studies which Maslova et al cite suggest 

unpredictable stress treatments exert an increasingly 'anxiogenic' effect the longer 

they are applied (i. e. the longer the duration of the treatment phase), yet 
Strekalova et al (2005), running mice exposed to treatment phases of differing 

duration in an EPM test, found the opposite effect: i. e. the longer the treatment 

phase, the more 'anxiolytic' the effect. 

69 Zurita et at (2000) found that adult rats exposed to a seven day period of variable stress spent significantly less of their 
test session time In the open arms of an EPM, compared to a control group, when tested 7 days following the end of the 
treatment. Similarly, Maslova et at (2002) found that at the end of a 12-day period of unpredictable, stressful events, rats 
spent significantly less of their test session time on the open arms of an EPM, compared to a control group (this anxiogenic 
profile persisted when tested on the EPM a number of months later); Incidentally, if rats were instead repeatedly handled 
over that 12-day period, they spent significantly more time on the open arms. 
90 Matuszewich et al (2007), Mineur et at (2006), Mitra et at (2005), and Vyas & Chattaryi (2004). all used the EPM, whilst 
Goulrand & Matuszewlch (2005) used an open field test. Incidentally, whilst Gouirand & Matuszewich (2005) found no 
significant difference between treatment groups In the time spent In the centre of the open field arena, nor In number of 
areas In the arena entered, they did find that rats undergoing an 'unpredictable stress' treatment reared more frequently, as 
did Harding (Harding, 2002; Harding et al., 2004). 

01 D'Aquila et at (1994) found that rats exposed to a chronic mild stress procedure for several weeks spent significantly more 
time In the open arms of an EPM than a control group, whilst having significantly lower sucrose intake (a putative test of 
'anhedonla'); furthermore, whilst administration of a psychopharmaceutical with an anxiogenic action (picrotoxin) reduced the 
amount of time control rats spent in the open amts, it had no such effect on the experimental group. Gronli et at (2005) 
found rats that subjected to a chronic mild stress treatment for 4'% weeks crossed significantly more squares In an open field 
arena, compared to rats In a control group, with a non-significant tendency to cross more of the central squares; they 
suggested that this difference reflected the "psychomotor agitation" which can be associated with human depression. Hams 
et al (1997) found that rats receiving a chronic mild stress treatment for approximately seven weeks had a shorter latency to 
leave the starting corner, crossed more squares (both central and peripheral) and reared more frequently than a control 
group In an open field arena. 
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Similarly, Harris et al (1997) predicted that rats exposed to a chronic mild stress 

treatment would develop a 'depressive-like' state with a concurrent lowering of 

exploratory activity in an open field test (perhaps due to a decrease in exploratory 
'interest', or similar); however, they found the opposite: rats exposed to a 'chronic 

mild stress' treatment had a shorter latency to leave the starting square, entered 

more inner and outer squares, made more rears, and so on. They speculated that 

the stressors they employed may have been too mild to induce a depressive-state, 

but noted that the significant weight loss in their experimental group suggested the 

treatment was indeed stressful, and so suggested that the "stress desensitized the 

animals in a novel environment when they were placed in the open field 

apparatus". However, it's not immediately obvious why apparent stress in one 

experiment increases exploratory behaviour, but has no effect in another (e. g. 
Gouirand & Matuszewich, 2005), and more generally, it's not especially clear why a 
treatment designed to induce a 'depressive-like' state would not induce co-morbid 
'anxiety' (e. g. Zurita et al., 2000), with a more thigmotaxic behavioural profile (e. g. 
Heisler et al., 1998; Simon et al., 1994). 

As this discussion suggests, the treatment effects we observed in the EPM, open 
field, and novel object test are notable and interesting, but their biological 

significance is not obvious. Nevertheless, we can attempt to narrow down a few a 
posteriori hypotheses, and weigh their relative plausibility. 

There is evidence that putatively stressful extraneous (i. e. treatment-related) 

events can increase locomotory activity in subsequent novel situations, such as an 
open field arena (e. g. Roth & Katz, 1979). Indeed, when the putative stress of an 
`anxiety' test, such as the EPM, is manipulated, for example by increasing its level 

of illumination 92, there is evidence that this induces a 'hyperlocomotion' confound 
in chronically-stressed mice, not found in a control group (Strekalova et at., 2005). 
Therefore, might the UHT rats in the current experiment simply be more active, at 
least within these test situations? With regard to their behaviour in the open field 

92 The EPM test used in the current experiment employed illumination levels which were (to our eyes) quite similar to that 
employed In the rats' homecage environment, using red lamps of the same wattage. In contrast, Strekiova et al (2005) found 
'hyperlocomotory' effects only when using white illumination of a minimum of 25 lux: considerably greater than that employed 
in the current experiment. 
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arena, there are certainly grounds for judging that this may be so. However, when 

looking at the suite of tests as a whole, the proportional differences between the 

two treatment groups, in the time spent in various sectors of the test apparatus, 

suggests: that such an explanation is perhaps unlikely to hold on its own. For 

example, when the novel object is introduced into the open field arena, the UHT 

rats spend proportionately more time in close proximity to it, and they also have a 

tendency to spend proportionately more time in the open arms of the EPM93; Le. 

whilst they may be more generally active, their profile of activity differs qualitatively, 

not just quantitatively. - 

Some studies, including some of those briefly, outlined above, suggest that animals 

who have been exposed to stressful events are more 'robust' in the face of further 

stress (this, phenomenon, or a variant of it, is sometimes referred to as 'stress 

inoculation'; e. g. Fox et al., 2006). For example, there is evidence that extraneous 
(i. e. treatment-related) stress can have a 'protective' (classically 'anxiolytic-like') 

effect when confronted with the putative, acute stress of an 'anxiety' test, such as 
the EPM. Haller & Halasz (1999), for instance, found that rats who had been 

previously group-housed, but were isolated for five days prior to testing, exhibited 

an 'anxiogenic' behavioural profile in an EPM, spending less time in the open arms 

when compared to rats who had continued to be group-housed. However, when 

rats undergoing this 'isolation stress' treatment were subjected to additional daily, 

social defeats, this 'anxiogenic' effect of isolation was abolished. Similarly, Morato 

& Brandäo (1997) found that when previously group-housed rats were isolated, or 

when group-housed rats were exposed to 
,a series of novel situations prior to 

testing, they spent less time in the open arms of an EPM, compared to controls. 
However, when these putative stressors were combined (i. e., isolated rats exposed 
to novelty) the effect was 'anxiolytic', with the rats spending more time on the open 

arms. It's possible, therefore, that experiencing putatively intense stress 'toughens 

one up', to put it colloquially (and rather unsatisfactorily), when faced with further 

" NB as outlined In the Results section, there was no significant difference in the total number of arm entries (i. e. total 
number of crossings across area boundaries); furthermore, although not reported In that section, there was also no 
significant difference between the two treatment groups in the number of closed arm entries (t, 4=0.617, p=0.547). These two 
variables are often used as Indicators of general locomotory activity In the EPM (e. g. Cruz et at., 2005; File, 2001; Hogg, 
1996; Morato & Brandao, 1997). 
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stress, but such an observation has little predictive power: how much stress is 

enough? Should it vary quantitatively, qualitatively, or both? 

If we refine this hypothesis a little further, it may become more plausible. In the 

current study, the Control group were kept largely undisturbed in their homecages, 

much as they had been, bar operant training and testing, since their arrival in the 

laboratory. The UHT rats, on the other hand, had undergone a number of weeks of 

a treatment involving both lone occupancy of a variety of novel apparatus, and 

repeated handling by an experimenter: characteristics shared with the EPM, open 

field, and novel object test situations. If the UHT rats had become somewhat 

habituated to such manipulations, i. e. learning that their consequences are 

relatively mild and finite, then the difference in stress induced by these tests (i. e. 

the EPM, open field, and novel object), compared to their day-to-day experiences, 

may be substantially less for the UHT group than it is for the Control rats, for whom 

these manipulations are largely without precedent. Whilst the `unpredictable' 

nature of such treatments is designed, in part, to ensure against any habituation or 

adaptation (e. g. Cabib, 1997), there are, nevertheless, predictable elements to 

them: in the current treatment regime, perhaps milder than many employed 

elsewhere (e. g. Banasr et al., 2007; Harkin et al., 2002; Willner et al., 1987; Yalcin 

et al., 2007), each type of event recurs, they all occur during the dark phase, they 

all occur in test cages of the same design, and so on. 

With regard to the data pertaining to bodyweight, the analysis indicated that the 
UHT group lost a significant amount of weight at the start of the treatment, 

compared to the Control group, but then their weight steadily increased as the 
treatment progressed, to ultimately recover its pre-treatment value, and indeed to 

exceed the bodyweight of the Control group94. Again, the relationship of putative 

stress with changes in bodyweight is, empirically, somewhat equivocal (e. g. Forbes 

°` NB There is a suggestion, from the summarised data, that the UHT rats subsequently gain weight, following initial loss, at 
a rate greater than that of the Control group. Whilst this was not found to be significant, it's perhaps worth noting that a 
significantly greater rate of weight gain in an experimental group, compared to a control group, has been found elsewhere 
(e. g. Harkin et al., 2002, employing an unpredictable stress treatment, which didn't include food or water deprivation, with 
mice). 
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et al., 1996; Harkin et al., 2002; Steinberg & Watson, 1960)95, but stress is typically 

associated with a lower rate of weight gain, or indeed weight loss (e. g. Broom & 

Johnson, 1993; Harris et al., 1998; Marti et al., 1994; Santos et al., 2000). 

The pattern of bodyweight change observed in the current experiment - of initial 

loss, and then recovery, in the face of putative stress - has been observed in a 

variety of other studies, and it may be useful to look at these in a little more detail. 

Steinberg & Watson (1960), for example, introduced a different husbandry event. 
(each putatively stressful) every eight days to rats in a 'disturbed' treatment group, 
leaving the control group 'undisturbed'; following each event, the 'disturbed' rats 

underwent an acute loss of bodyweight, but this loss recovered towards the end of 

each eight-day, period, despite - the persistence of the putative stressor. This 

recursive pattern continued, as each new event was introduced, until no more 

changes were made to their husbandry regime (i. e. the rats were 'undisturbed'), at 

which point their rate of weight gain recovered to match that of the control group. 
Similarly, O'Connor & Eikelboom (2000) found that moving rats from isolated to 

paired-housing induced an acute period of initial weight loss, although the rate of 
weight gain soon recovered to match previous values; likewise Marin et al (2007) 

reported that rats submitted to a variable stress treatment (which, incidentally,. 

included periods-of food/water deprivation) underwent an initial weight loss, but 

their rate of weight gain recovered to match, controls, even when the treatment 

persisted. 

If we assume, for a moment, that a reduction in the rate of weight gain is a (very) 

rough proxy of perceived stress (e. g. Broom & Johnson, 1993), the changes in 

bodyweight in the current experiment, and also in the studies just discussed, - 
suggest that these treatments may be perceived as particularly stressful at their 

onset, but the level of perceived stress attenuates as the animal adjusts to the new 

regime. To take a physiological example, Pfister - (1979) found. that 

96 For example, Steinberg & Watson (1960) found a reduction in net weight gain, relative to controls, in rats subjected to a 
successive sequence of putative stressors, whilst Forbes et al (1996) found no effect of a chronic stress treatment on weight 
gain In rats, and finally Harkin et al (2002) found that mice subjected to repeated unpredictable stress gained weight at a 
greater rate than controls; none of these treatments Involved food or water deprivation. -- 
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glucocorticosterone96 levels were initially elevated in rats placed in a novel 

environment for 30 minutes, but as this treatment was repeated, daily, hormonal 

levels reduced to a level comparable to controls; i. e. a degree of physiological 
habituation seemed to have taken place. 

So, in summary, a number of the concurrent tests suggested that the unpredictable 
housing treatment had an 'anxiolytic-like' effect on the rats, and/or was generally 
'arousing', or 'activating'. To the extent that a change in bodyweight is a very 

rough proxy of perceived stress, the data suggests that the treatment may have 

been initially stressful, but the level of perceived stress abated as the rats adapted, 

or habituated, to it; this, perhaps in turn, may have been reflected in the 'anxiolytic' 

profile of the rats in the UHT group. 

Affect-related predictions: re-visiting the human literature 

As mentioned earlier, the unpredictable housing treatment employed in this study 

was designed to induce - via the administration of unpredictable stressors -a 
negative change in affective state, perhaps akin to a 'depression-like' mood, and/or 

an 'anxiety-like' state. As our introductory chapter suggests, the relationship of 

affective states and traits with cognition and behaviour, at least in humans, is 

multifaceted and complex, but for our experimental hypotheses, we selected 
specific predictions concerning the co-variance of affective state with responses to 

ambiguity and uncertainty, and designed the experiment to this end. As briefly 

summarised earlier, the treatment we employed to try and induce a negative 

change in affective state did not change the subjects' responses in the direction we 
hypothesised. Of course, it's possible that our treatment induced no such change 
in subjects' affective state, or it may have been that the specific behavioural indices 

we chose to focus on when gauging the level of empirical support for our 
hypotheses were insensitive to real biological change. To help us address these 

two possibilities, and before returning our discussion to the operant tasks which 
formed the central part of the experiment, it's worth first widening the scope of our 

96 A hormone associated with stress responses (e. g. Moberg & Mench, 2000). 
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predictions regarding the possible effect of stress and negative affective change on 

cognitive-behavioural functioning. 

Firstly, if we assume that the unpredictable housing treatment did induce a 

`depressive-like' state (e. g. Willner et at., 1987), and further assume that certain 

characteristics of such a state are shared with depression in humans (e. g. Willner, 

1997), then we may well predict dysfunction in a range of cognitive processes, 

some of which are likely to be relevant to performance in an operant discriminatory 

task such as the one employed in the current experiment. In fact, depression in 

humans has been found to be associated with impairments in "every cognitive 
domain" (Gualtieri et al., 2006), including attention (e. g. Keilp et al., 2008; Mialet et 

al., 1996), memory (e. g. Burt et al., 1995; Ebmeier et al., 2006), a number of 

aspects of executive control and functioning (e. g. Biringer et al., 2005; Stoddart et 

al., 2007), and, more generally, the slowing of a variety of psychomotor processes 
(i. e. a decrease in the speed of mental and motor functioning; e. g. Pier et al., 2004; 

Schrijvers et al., 2008). So, Pas we discussed in our opening chapter, in humans at 

least, depression is not only associated with the characteristic biasing of certain 

cognitive processes, but also a decline in their capacity, or efficacy. As one might 

predict, the extent of such impairment depends on the severity and type of 
depressive disorder, but even those with mild depression, and no complicating 

factors, tend to have impaired cognitive functioning compared to controls (Gualtieri 

et al., 2006). ̀  Such ' cognitive impairments are typically attenuated following 

successful anti-depressive treatment (e. g. Gueltieri et al., 2006), and remission (i. e. 

recovery) from a depressive episode (e. g. Biringer et al., 2005). 

If the unpredictable housing treatment we employed did induce a 'depressive-like', 

affective state in the rats subjected to it, and this was in turn associated with a 
degree of cognitive impairment, as it is in humans, what effects might we predict 

this would have on responding in the operant task we employed? Well, we may 

well predict a slower reaction time: Gualtieri et al (2006), for example, -found 
depressives had a longer response latency than controls in certain neurocognitive 

rs tasks, although only those involving a considerable amount of cognitive effort. Den 

Hartog et al (2003) found an effect of depression on response speed, but this time 

only in neurocognitive tasks involving relatively automatic cognitive processing, 
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rather than more complex, effortful paradigms. As this suggests, there is some 

empirical disagreement as to the circumstances necessary to elicit differences in 

response latency, and of course these disagreements have implications 

theoretically (i. e. with regard to the mechanisms underlying such differences in 

behavioural output), but the general observation holds (in these, and other studies: 

e. g. Kalb et al., 2006; Murphy et al., 2001; Rose & Ebmeier, 2006): depression in 

humans is generally associated with slower responses in cognitive-behavioural 

tasks, and we might therefore predict that an analogous affective state in rodents 

would be associated with similar changes in response latency in a task such as the 

one employed in this experiment. We might also expect to see a reduced level of 

accuracy: certainly, depression has been associated with an increase in error rate 

in a variety of cognitive tasks (e. g. Rubinsztein et al., 2006; VollmerConna et al., 
1997), although it's important to note that other studies have found no effect of 
depression on accuracy (e. g. Murphy et al., 2001), or even an improvement (at the 

expense of response speed: e. g. Rose & Ebmeier, 2006). Of course, the 

presence, or otherwise, of differences in error rates across affective state will likely 

depend on the nature of the task employed to measure them, as well as the type 

and severity of the depression, and so on; but in general, though, given the range 

of cognitive impairments which can be found in depressed people - e. g. in 

problem-solving abilities, cognitive 'flexibility' (including initiation of behaviours and 

perseveration), and so on (e. g. Gualtieri et al., 2006) - it is reasonable to expect 
that accuracy of performance will be compromised in certain circumstances. 

Soon, we will apply these a posteriori predictions to our empirical findings from the 

current experiment, but it's worth highlighting one particular observation in this 
literature, which is of more general concern to experiments employing paradigms 

such as the one used here: namely, that relating to a deficit in various inhibitory 

processes. Kaiser et al (2003), for example, employed a task in which subjects 
were asked to press a button each time lower-pitched tones were presented (which 

was often), but to refrain from pressing the button on the relatively rare occasions 
high-pitched tones were heard. They found that depressed patients had a deficit in 
`response inhibition': i. e. they were more likely to incorrectly press the button 

compared to controls; however, when these contingencies were reversed (i. e. 
when they were only asked to press the button each time they heard the relatively- 
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rare high-pitched tones), they did not differ from controls. A greater tendency to 

make 'dominant', 'default', or 'pre-potent' responses is also associated with 

anxiety, and, more generally, with stress (Eysenck et al., 2007; Mendl, 1999); there 

is -the possibility,, then, that 'depressed', 'anxious' or 'stressed' animals may be 

more likely to perform such pre-potent responses, and if those responses are those 

operationalised ̀  as 'optimistic' (e. g. they are associated with a more valued 

outcome, and therefore, at baseline, are more likely to be performed), then we 
have a direct confound with respect to our experimental hypotheses. 

Otherwise, with regard to cognitive-behavioural performance in 'anxious' people, 

Eysenck et al (2007) note that anxious subjects often perform with lower levels of 

efficiency in a. variety of such tasks, although their effectiveness often remains the 

same... By this, they, mean that response latency, for example, is often slower in 

anxious people, -compared to controls, although the end result of their 

performance, in terms of accuracy, is often comparable. They relate this, in turn, to 

the manner in which cognitive resources are deployed in those who are anxious, 

suggesting that certain attentional; faculties are cast more widely, maximising the. 

field of sensitivity to detecting possible threat., This, in turn, results in fewer 

attentional resources focused on the. ongoing task in hand, as indeed we discussed 

in Chaper 1 (although, 'of course, this rather depends on the task: the deployment, 

of attentional resources would likely differ if the test itself had features which were 

perceived as threatening). ý As a result of a- change in the functioning,,, ofa 

mechanisms such as these, the efficiency with which neurocognitive tasks are 
performed is often compromised in those who are anxious, although effectiveness 
(e. g. accuracy) can be maintained 

. 
by, employing compensatory strategies, and 

greater effort. As mentioned above, another consequence of such differences in 

attentional control is a reduction in the ability to inhibit automatic, dominant or pre- 

potent,.: responses, since . executive attentional control processes, which are 

otherwise involved in such inhibition, are more'widely deployed (Eysenck et al., 

2007). _. :;.. 

As we touched on earlier, in a wide-ranging review of the effects of stress on 

various aspects of cognitive, functioning, Mendl (1999) noted-a similarly increased 

tendency to make 'default',, responses under conditions of stress., Otherwise, he 

-. ""__ 158 



CHAPTER 2 Unpredictable Housing and Judgements of Ambiguity in Rats 

notes that the effect of putative stress on memory, learning, and decision-making 

processes is generally complex. For example, learning and memory functioning 

can be enhanced, or impaired, depending, in part, on the timing and nature of the 

stressor(s) with regard to the learning or mnemonic event. In general, though, 

when stress is chronic, the effect on learning and memory tends to be detrimental. 

Similarly, response latency in certain tasks can be increased (i. e. slowed) perhaps 
due to stress-related lapses in attention, although under some circumstances it can 

actually be quicker, although such an increase in speed is typically at the expense 

of response accuracy. 

Alongside documenting such complexity in the relationship of stress with cognitive 
functioning, Mendl (1999) notes that there is a general prediction regarding the 

pattern of this relationship, which, whilst over-simplistic, is nevertheless a relatively 

enduring generalisation, typically referred to as the Yerkes-Dodson law. When 

plotted, this law describes an inverted U-shape, with some aspect of cognitive 

performance on the y-axis, and some indicator of stress on the x-axis; as such it 

predicts that 'under-aroused' animals will perform relatively poorer than 

`moderately-stressed' animals, who in turn perform relatively better than 'greatly- 

stressed' animals: i. e. there is a level of stress, or arousal, which is optimal with 

regard to task performance, and this level is not at either terminal end of an 
(abstract) index of stress. 

Post-hoc evidence for a widened range of affect-related predictions 

Now that we've widened the scope of our predictions regarding the relationship of 
negative affective states and, more generally, stress, with aspects of cognitive- 
behavioural functioning, we can revisit our data to better gauge the actual effect of 
the treatment we used. 

A number of these predictions concerned response latency: so, what effect did the 
treatment we employed have on this variable? Whilst the UHT group tended to be 
overall faster to record a lever-press response (i. e. regardless of which 
measurement phase they were in), this difference between the two treatment 
groups was significantly greater in the second measurement phase, both in the 
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single-frequency probe sessions, and in the training sessions which preceded them 

(i. e. the significant interaction of treatment with measurement phase was persistent 

across different operant task designs). This pattern was generally found when 

modelling all lever presses and trial types, but was especially apparent when 

modelling solely those presses made on the '2-pellet' lever (in the single-frequency, 

probe sessions), and the '2-pellet' reference trials (in the training sessions). As 

outlined above, a relatively-enduring prediction from the literature relating to human 

subjects is for response latency to be lengthened as affective state becomes more 

negative (specifically, more depressed and/or anxious); in the current experiment, 

not only do we find no such trend, we actually find just the opposite. However, as 
Mendl's' (1999) review indicated, a quicker response latency in putatively stressful 

circumstances is not without precedent, but this typically occurs at the expense of 

accuracy: i. e. there is a speed-accuracy trade-off. In certain circumstances, then, it 

appears that stress can induce animals to behave more impulsively97. So, is this 

the case with regard to the UHT rats?,. Well, despite the increase in the rapidity of 

their responding in the training sessions, there is no decline in the accuracy of their 

responding (in fact, there was a slight, non-significant, improvement in accuracy,, 

relative to controls; e. g. see Figure 2.13). Elsewhere, whilst the UHT group were 

not significantly faster to record a'response in the dual-frequency probe sessions,, 

there was a significant interaction between treatment and measurement phase 

when modelling the accuracy of responding to the reference trials which occurred 
in those sessions, with the UHT group more accurate, and the Control group less 

accurate, in the second measurement phased compared to the first. Finally,, 

although responding to the reference stimuli (i. e. 2kHz and 4kHz) was not analysed 
in isolation in the single-frequency probe sessions, there was little indication that 

the UHT group were less accurate' as they became faster to record a response: 
e. g. if we look at Figure 0.15, ̀and Figure 0.16, in the Appendix, which plotted 

predicted responding from a model in MLwiN which allowed lever choice to vary 

across higher-order interactions which included,, ' probe value, treatment, 

measurement phase and contingency, we see that whilst there is some suggestion 

Evenden (1999) notes that the concept of Impulsivity covers'a' wide range of 'actions that are poorly conceived, 
prematurely expressed, unduly risky, or inappropriate to the situation and that often result in undesirable outcomes'"; as 
such, It can be operationalised as the biasing of the speed-accuracy trade off in favour of the former (e. g. Berlin et al., 2004).. " 
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that the UHT rats in the 2kHz=2pell contingency group were a little less accurate 

with regard to responding to the `2-pellet' reference tone in the second 

measurement phase, compared to the first, this is not particularly the case with 

regard to the `1-pellet' reference tone, and moreover, the UHT rats in the 

4kHz=2pell group are substantially more accurate in phase 2, compared to phase 
1, when presented with the reference stimuli. 

Similarly, earlier, we made passing comment (in a footnote) on a paper which had 

suggested that the increase in exploratory activity they had observed in rodents 

exposed to a putatively stressful treatment may have been akin to the 

'psychomotor agitation' found in some human depressives (Gronli et al., 2005). 

Such an "activated", "excited" state of psychomotor agitation is listed as one of the 

possible criteria leading to a diagnosis of depressive disorders (e. g. Diagnostic and 
Statistical Manual of Mental Disorders IV, 1994), is found in a substantial portion of 

depressed patients98, and may contribute towards a discrete subtype of depression 

(e. g. Akiskal et al., 2005). To the extent that the UHT rats in the current 

experiment seem relatively more 'activated', and changes in locomotory activity 

and related indices as a result of chronic stress has been documented elsewhere, 
including in a number of the studies already discussed, is it possible that the 

treatment we employed induced a similar 'agitated' state? Again, it is the increase 

in efficiency, and effectiveness, in the responding of the UHT rats which suggests 

this is not the case: psychomotor agitation, at least in humans, is characterised, 

among other things, by "racing thoughts" and "risky behaviour" (e. g. Olgiati et al., 
2006) - traits unlikely to lead to focused and accurate behavioural output in a 

relatively-demanding cognitive-behavioural task. 

So, we are left in a position in which our experimental hypotheses have not been 

supported, and a number of the other predictions we generated after further 

considering the possible effects of stress, and/or a negative change in affective 
state, on responding in tasks such as those we have employed have also not been 

realised. Instead, the overall picture is one which is counter-intuitive, with those 

98 For example, Olgiati et al (2006) state that psychomotor agitation it Is reported in 20-30% of outpatients with major 
depression, and in 70% of inpatients. 
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rats submitted to the unpredictable-housing treatment more efficient (in terms of 

their latency), and more effective (in terms of their accuracy). In addition, whilst we 

encountered some outlying individual variation at 'baseline' which was likely to be 

particularly, influential with regard to the findings of the model, our findings 

suggested that, if anything, it was the UHT group who were more 'optimistic' 

regarding the post-treatment biasing of their responses. 99 In addition, as we have 

already discussed, much of the decrease in response latency (i. e. quickening of 

response speed) that occurred in the UHT group, across measurement phase, was 

specific to the '2-pellet' lever, and the '2-pellet' reference trials. Furthermore, in the 

single-frequency probe sessions, the increase in response speed with regard to the 

'2-pellet' lever for the UHT rats was especially apparent for those probe values far 

from the '2-pellet' reference tone: again, a pattern in keeping with that predicted 
from an 'optimistic bias'. ' Finally, the maintenance of accuracy with regard to the 

reference trials, despite this 'optimistic' tendency, argues against the possible 

confound of 'stressed' animals, or those in a relatively negative 'affective state', 

being more likely to perform 'pre-potent', 'dominant', 'default' responses. 

Given the substantial impact of two subjects in the Control / 2kHz=2pell group on 

the statistical, models we employed, there is, of course, the possibility that our, 
findings have simply been skewed, either by the particularly unusual responding of 

those two rats, or by other individual variation of a substantially outlying nature we 
have otherwise failed to detect., 

-However, 
the concurrent tests we employed 

strongly, suggested that our treatment' had a detectable physiological, and 
behavioural, effect, and it is therefore reasonable to conclude that the changes we 

observed across measurement phase, in the operant tasks we conducted, were 

genuinely treatment-related. 

" For example, repeated-measures ANOVAS conducted on various aspects of probit functions fitted to the single-frequency, 
probe data, reported in Appendix C, found that the point of probable bisection (i. e. the intermediate probe value where there 
was an esimated even chance of pressing either lever) was generally In an 'optimistic' direction across measurement phase 
for all treatment/contingency sub-groups bar the Control /2kHz=2pell group. However, when analysing the fitted probability 
of responding to the intermediate probe value closest to the '2-pellet' reference tone, the significance of the interaction 
between treatment and measurement phase indicated that differences was more pervasive across treatment, with the UHT 
group generally more 'optimistic' In the second measurement phase than they were in the first, compared to the Control 
group, who were generally more' pessimistic'. 
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In fact, the only prediction which concurs with our findings is that pertaining to the 

Yerkes-Dodson law, with the UHT rats somewhere towards the peak of the 

inverted-U the law describes, and the Control rats further down the slope of the 

curve, perhaps towards the end of the x-axis signifying lower levels of stress and 

arousal; i. e. the putative stress the UHT rats have undergone has enhanced their 

performance in the operant task, in terms of efficiency, and effectiveness. As 

Mendl (1999) notes, the Yerkes-Dodson law is an over-simplified picture of actual 

response to stress, and, as a purely-descriptive account, is agnostic with regard to 

any underlying mechanism, but nevertheless it is a surprisingly pervasive 

generalisation. 

Affect-related change in operant performance: conclusions 

So, we're left with the somewhat suprising possibility that the treatment we 

employed enhanced the functioning of the rats subjected to it, may have rendered 
them more 'optimistic', and (operationally-speaking) emboldened them in the face 

of the putative anxiety induced by a variety of the concurrent measures we 

employed. Is that a reasonable position to defend? As an enriching, welfare- 

enhancing husbandry intervention, the unpredictable-housing treatment would 
have very poor face validity, but there may be elements of it which, when 

contrasted against the regime the Control rats were subjected to, may, on some 
indicators, have had a positive impact. Meehan & Mench (2007) discuss the 
`enhancing' effects an intermediate level of stress can have on functioning, noting 
that "not just high stress due to intense or prolonged aversive events, but low 

stress due to inadequate basic stimulation, can result in maladaptive behavioral 

and physiological responses". This somewhat implies that such a relationship may 

occur across quantitative variations in stress, and this very well may be so, but a 

considerable portion of their review actually concerns qualitative variation: 

specifically, those stressors which are challenging, yet can be coped with or even 
mastered, those in which the contingencies are relatively explicit, and those over 
which animals can exert a degree of control, may, on some indices of welfare, 
induce positive change. It is possible there were subtle elements of the treatment 

we employed which met some of these criteria. As mentioned earlier, whilst an 
important element of treatments such as these - i. e. those designed to induce 
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negative changes in affective state through the administration of putatively stressful 

husbandry, events - is their unpredictability, the treatment we employed had' 

elements which were nevertheless predictable. Certainly, the data pertaining to 

bodyweight change suggests a degree of physiological (and perhaps behavioural,, 

with regard to feeding) adaptation took place as the treatment progressed. In 

addition, the probe-testing in the current study began later in the treatment phase 
(on Days 19-22) than the probe-testing conducted by Harding et al (2004) in their 

experiment, employing a similar treatment (probe-testing took place between Days 

10-19 of the treatment in their study); therefore, if habituation and adaptation does 

occur as such treatments persist, the extent of this may have been greater in the 

present experiment. With regard to the intervention which was, a priori, perhaps 
likely to be , the most I challenging - namely the introduction into a unfamiliar. 

conspecific's homecage whilst that conspecific was present - the social stimuli rats 
were older than the experimental rats, and thus closer to the end of the expected 
lifespan of a laboratory rodent. As such, the experimental rats may have had the 

better of them in any aggressive encounters, gaining a degree of mastery: and 

control over an' otherwise stressful situation (e. g. Haller & Halasz, 2000). 100 

Incidentally, this contrasts with the treatment employed by Harding et al (2004), in 

which the social stimuli animals were of very similar ages. 

Elements of the a posteriori narrative we are beginning to construct are clearly 

speculative, and indeed we could continue noting differences between the design 
of the current experiment and that of comparative studies which have found results 

at 'odds with our own, seeking meaning with the benefit of post-hoc hindsight; more 
generally, though, we are on firmer ground in relating our results to the relatively, 

well-established phenomenon that 'a - 'non-zero'. - level of stress, somewhere 
intermediate to 'higher' and 'lower'- values on, an, abstract index of 'arousal'- is 

associated with optimal cognitive performance. 

100 Note, as discussed In the Method section, these events were terminated whenever damaging aggression was seen to 
occur. Whilst such incidences were very rare, some aggressive Interactions were observed, although records were not kept 
of the specifics of such encounters (i. e. of submissive behaviour, etc. ) 
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Intentions, habits and the extent of training 

Later in this thesis, we will describe an experiment which is a more explicit test of 

what subjects actually 'know' about the consequences of their actions in the 

operant tasks we have designed; the answer to that question is, of course, 
important, since it has some heavy bearing on the veracity of our experimental 
hypotheses. However, by revisiting certain aspects of the rats' behaviour, both as 
they learnt the operant task, and then as they subsequently engaged with it from a 

position of relative expertise, we may be able to glean some useful insights into the 

matter now. To this end, it is some way reassuring that over the first few training 

sessions the rats received, their errors were biased very strongly in favour of the 

lever associated with receipt of the larger quantity of food (e. g. see Figure 2.11); as 

suggested by our earlier pilot study (see Appendix A, p. 310), this clearly shows 
that the subjects were sensitive to the difference in reward size, and had, 

operationally, a preference for the larger reinforcer. Of course, since all subjects 

reached the criterion that we had set for them to be considered to have fully learnt 

the task - i. e. to consistently respond above chance on both reference trials - this 
bias in errors abated. However, although not reported in the Results section, it is 

striking that the tendency to commit such asymmetric inaccuracies persisted: half 

of the rats failed a binomial test with regard to the `1-pellet' trials in the next training 

session they received following attainment of criterion101; for many (six of these 

eight), this was on the following day. 

In some senses this is a little disconcerting: in operant training procedures such as 
this, the implicit assumption is generally that once animals reach such a criterion, 
we have reassured ourselves that they will carry on performing at that pitch, and 
they can then proceed to the next stage of the experiment. However, whilst some 
kind of marker (be it a performance criterion, or a discrete number of trials) is a 
necessary component of such experimental designs, the location of this marker is, 

101 Note, all the rats, including these eight, performed significantly above chance with regard to the accuracy of responding to 
the '2-pellet' reference trials. 
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of course, arbitrary102: in this instance, for example, it did not mean that the 

subjects would thereafter perform as they had done over the three days in which 

they satisfied the criterion, although they were considerably more accurate than 

they had ' been a number of sessions prior to that attainment. As we have 

discussed, though, in another sense such asymmetric inaccuracies are reassuring, 

for the following reasons: in adopting a discriminatory operant procedure, this, and 

similar studies (e. g. Harding et al., 2004; Matheson et al., 2008), have had to make 

a number of choices regarding the specifics of that design: duration of inter-trial 

interval, number of training sessions, length of training sessions, etc, which may 

interact in complicated ways with the respective treatments adopted. Given the 

breadth, and the complexity, of the literature pertaining to operant learning theory, 

we can do no more at this juncture other than note that, of course, these 

parameters may be important, but one well-established phenomenon is worth 

sketching out in a little more detail, as it potentially blunts the sensitivity of these 

sorts of experiments to detecting real biological signals. As Dickinson, Balleine,, 

and their colleagues; have noted in a number of papers (e. g. Balleine & Dickinson, 

1998; Dickinson ,& Balleine, , 1995; Dickinson et al., 1995), the extent of operant 

training can be an important determinant of the significance of the relationship, for 

an animal, between a stimulus (e. g. a lever), the response (pressing the lever), and 

its" consequence (delivery of food). Specifically, they have found that more 

extensive operant training is associated with increasing insensitivity to incentive 

learning. For example, Dickinson et al (1995) found that when rats that had been 

trained to press a lever to receive food reward in training sessions (n=120 

rewarded trials) following a period of food deprivation were subsequently exposed 
to the 'operant food' outside the operant chamber in conditions of satiation (i. e. 

when they had had free access to their standard 'lab chow'), they subsequently 

reduced the extent of their lever presses when later placed back in the chamber, 
but again only when satiated. If they hadn't had access to the 'operant food' in 

conditions of satiation outside of the operant chamber, they continued to press the 

lever with the same frequency as unsatiated controls even when they had free 

702'Arbitrary' In similar sense as defining a significant p-value as under 0.05 is arbitrary: obviously it's an educated judgement 
to place the marker there (rather than at, say, 0.40), but of course there's nothing intrinsically significant about the value, 
other than the fact we have historically decided to name it so. 
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access to lab chow (i. e. were satiated) prior to the operant session. That, in itself, 

is a very interesting finding, suggesting reward devaluation is conditional on having 

prior experience of being satiated when presented with the reinforcing food, but 

more pertinently for our purposes, rats who received three times the number of 

training trials (i. e. n=360 rewarded trials), prior to the treatments we have just 

described, were insensitive to such attempts at reward devaluation: they simply 

kept on pressing at the same (relatively-high) rate no matter what their previous 

experience of satiation and `operant food' exposure. This suggests that, after 

extended training, actions which are intentional, and goal-directed, insofar as they 

are sensitive to changes in the value of that goal, become more habitual: i. e. they 

are better characterised by a learnt association between the stimulus (e. g. a lever) 

and the response (e. g. pressing the lever), without a nuanced appreciation of the 

consequences of that response. 103 

In the current experiment, the hypotheses centre around what an animal 'knows' or 

`expects' the consequences of their actions to be: it is impossible to respond 

optimistically'04 when the consequences of all choices are undifferentiated. The 

discriminatory operant designs that both the current experiment, and similar 

studies, have adopted, obviously adds a layer of complexity absent from Dickinson 

& Balleine's operant design (in which the choice was to press a lever or not, not to 

choose between different levers following the presentation of different stimuli), so 

their experiment is not directly comparable to ours, but it is important to at least 

register concern that both our study, and that of others, have trained rats beyond 

an initial criterion, and this may have consequences as to the manner in which the 

animals conceptualise the goal of their actions105. In a similar vein, Phillips & Barr 

(1997) suggest "caution in the use of well trained operant responses to assess 

changes in reinforcement value or levels of incentive motivation in animal models 

of depression". It is in this important sense, then, that it is reassuring to observe 

'03 Elsewhere, Weiskrantz (2001) has characterised this shift as from a behavioural pattern which is'on-line', to one which Is 
'off-line'. 
104 In the folk psychology sense of the word, rather than *responding as if optimistic". 

105 As mentioned in the Methods section, problems with the building in which the rats were housed meant the probe-testing, 
and thus the start of the treatment phase, were delayed, forcing a longer training period than would otherwise have been 
adopted; so perhaps the concern is particularly strong here. 
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that just prior to probe-testing, in each of the measurement phases, the pattern of 
the rats' responding was consistent with a sensitivity to the consequences of their 

actions (e. g. see Figure 2.12). 

The effects of contingency 

In this Discussion, we have generally made very scant reference to the effect of 

contingency,. other than noting that there were two subjects in one particular 

contingency group who had a particularly unusual pattern of responding in one of 
the measurement phases. 

. 
This is despite the fact that contingency played a 

prominent role in a number of our analyses: of course, this was necessarily so, 
allowing us to appropriately partition any variance attributable to contingency so 

, 
that the variance associated with the remaining factors in our model could be more 
accurately gauged. But in addition, it revealed some interesting effects of 
contingency, which we may, in turn, be able to relate to the likely psychophysical 
character of the, stimuli we chose. For example, in the single-frequency probe 
sessions, the 2kHz=2pell contingency group were overall less likely to press the '2- 

pellet' lever. Interestingly, this is what we would expect if, as noted in our Method,. 
the perceptual differences between stimuli which differ by the same Hertz value 
were greater at lower Hertz frequencies: to the rats in the 2kHz=2pell group, then, 

more of the probe stimuli appear more, similar to the '1-pellet' reference tone 
(4kHz) than they do to the '2-pellet' reference tone (2kHz); hence, a response bias 
by contingency. As Figure 2.23 and Figure 2.24 suggest, the 4kHz=2pel1 group 
are less discriminating across probe value; i. e. the slope of their response curve is 

shallower. This is presumably due to the asymmetry of reinforcement: if each 
reference stimulus were reinforced by the same quantity of food, the shape of the 

curves would (of course) be the same (bar individual variation). As a general point, 
if more of the probe stimuli appear to be theä'2-pellet' reference tone for the 
4kHz=2pell group, then more of their '2-pellet' lever responses (they make more 

overall) are likely to be unrewarded; Le-it is possible that, the probability', of 

reinforcement is lower, following responses to tones they perceive as heralding the 

larger quantity of food. Therefore, psychometric factors could have an important 

bearing on the effect of any treatment used in studies such as these 
_(e. 

g. 

Matheson et al., 2008, who found substantial effects of contingency on patterns of 
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responding across probe value), and there is an argument for simply dispensing 

with this level of design complexity (i. e. by having only one contingency group, e. g. 

Bateson & Matheson, 2007), if one were confident that there was no asymmetry 

with regard to the psychophysical properties of the probe values employed across 

treatment (e. g. if one were confident that stimulus X was not perceived differently 

by animals in different affective states (perhaps due to changes in the rate of 

'internal clocks', or the emotional significance of certain tones, etc. ) regardless of 

any differences in reinforcement schedule). 

Concluding remarks 

If we assume, as we did initially, that the unpredictable housing treatment induced 

a negative change in the rats' affective state, then our results did not support our 
hypotheses. However, if we widen the scope of our predictions, and relate our 

results from the operant procedures to a number of the concurrent tests we 

conducted, then the picture becomes more complex, and we must entertain the 

possibility that our treatment induced a change in affect which was counter- 

intuitive. This is interesting in its own right, but more generally, whilst we made an 

informed choice when selecting our treatment, it is possible that alternative 

methods may enable us to realise our initial objectives, of affect-related change, in 

a manner which is less ambiguous. To this end, we conduct a similar study in the 

following chapter, but employ an alternative method to induce a change in affect. 

Otherwise, it's worth noting that by considering a wider range of affect-related 
predictions, we gained some useful insights into the operant responding we 

recorded, and future studies may also benefit from incorporating such issues into a 
broader predictive and explanatory framework. 
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CHAPTER 3 

`ENVIRONMENTAL ENRICHMENT' AND JUDGEMENTS OF 

AMBIGUITY IN RATS 

INTRODUCTION - 

The current study follows closely on from the last chapter, again using operant 
discrimination tasks to measure rats' responses to apparent ambiguity across a 
treatment designed to induce a change in affective state. We employ a similar 

methodology - and indeed the same experimental subjects - as in the previous 

experiment, but on this occasion we attempt to manipulate the rats' affective state 
by varying the level of 'environmental enrichment' in their homecages; in addition, ' 

we also administer probe tests on more than one occasion during the treatment 

phase, to try and tap any changes in affective state as that phase progresses. 

The provision of certain homecage materials (such as shelters, nesting substrates, 

ropes, etc. ) is well-characterised as having a positive impact on indices of rodent 
welfare, - stress, and putative affect, at least in contrast to more barren 

environments (e. g. Fox et al:, -2006; Wurbel, ' 2001; Young, 2003). Indeed; the 

specific changes -in `enrichment' provision we employ in the current study are 

associated with positive (or negative, depending on the treatment group) changes 
in the welfare of rats as indexed by a variety of behavioural and physiological 
measures (Burman et al., 2006); in fact, this particular treatment, or very close to it, 
has been used in two recent experiments investigating changes in 'cognitive bias' 

across putative ' affective , state, both of which found treatment effects in the 
hypothesised direction (Burman et al., 2008a; Burman et al., 2008b). Why might 
such changes in 'enrichment' provision be associated with changes in welfare, and 
affect-related indices? The provision of a shelter may provide space for a captive 

animal to, retreat, perhaps allowing it to avoid or defuse antagonistic encounters, 
for example (e. g. Morgan & Tromborg, 2007). In addition, the provision of nesting 
material will likely allow rodents to ý satisfy 'at least some of their behavioural 

'needs', or'response rules' (e. g. Wurbel, 2001) = e. g. for nest construction --which 

may be otherwise thwarted if such substrates are not available. More generally, 'a 
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greater variety of substrates within the homecage may enable an animal to 

organise and structure its environment to a greater extent, perhaps increasing its 

sense of control over its captive surroundings (e. g. Fox et at., 2006). 

As in the previous experiment, the current study employed a repeated-measures 

design, with operant probe-tests administered both before, and during, a treatment 

phase. At the start of the treatment phase, half the rats had some of their pre- 

existing 'enrichments' removed (unenriched group), whilst the remaining subjects 

received additional 'enrichments' (enriched group). In contrast to the previous 

study, instead of administering the probe-test sessions on just one occasion during 

the treatment phase, here we administered the probe-test sessions twice during 

the treatment: soon after the initial change in 'enrichment', and then a number of 

days later, after the rats had been exposed to the treatment for a longer period. As 

such, we get two 'snapshots' of behavioural responding as the treatment 

progresses. Indeed, the findings of the study described in the last chapter 

suggested that the unpredictable-housing treatment used in that experiment may 

have been particularly stressful when it was first introduced, but that this 

attenuated over time, despite the persistence of that treatment. Similarly, with 

regard to the current experiment, it's possible that the initial onset of the treatment 

for the unenriched group - i. e. the removal of modest 'enrichments' - may be the 

most stressful or distressing period, and that this enriched-to-unenriched contrast 

leads to an acute phase of negative affect (e. g. Burman et at., 2008b; Latham & 

Mason, 2006). Alternatively, it may be that the withdrawal of 'enrichments' induces 

a negative change in affective state only if exposure to it is longer-lasting (see the 

following for a discussion of the importance of 'enrichment' duration on a variety of 

neurological and behavioural parameters in rodents: Amaral et at., 2008; van 
Praag et al., 2000). 

Since the rats used in the previous study were performing to a generally high level 
in the operant tasks in which they were trained, we decided to employ them again 
as subjects in this experiment, counterbalancing their previous treatment grouping 
across current treatment assignment, and additionally leaving a substantial rest 
period between the end of the previous study, and the start of the current one. As 
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such, we were able to further employ their trained skills, whilst reducing the overall 

number of experimental subjects used (cf, recruiting naive rats). 

Our experimental hypotheses remain the same as in the previous chapter: rats 

undergoing a treatment designed to induce a negative change in affective state , - 
namely the withdrawal of environmental enrichments - are predicted to be less 

likely to respond to a variety of probe stimuli as if they presage the relatively better, 

outcome of two pellets of food, compared to a treatment group given extra 
'enrichments'. The unenriched treatment group are also predicted to be slower to 

respond as if anticipating the relatively better outcome (i. e. slower to press . 
the 

lever associated with two pellets of food), and quicker to respond as if anticipating 
the relatively poorer, outcome (i. e. quicker to press the lever associated with one 
pellet of food), than the enriched treatment group. 

METHOD:;.:. 
_ 

Overview 

Figure 3.1 provides a summary of the experimental schedule, highlighting the three 

measurement phases in which operant discrimination tasks were administered: 

" phase 11- prior to the onset of the treatment phase; 

" phase 2- early in the treatment phase; 

" phase 3- late in the treatment phase: 

The diagram further illustrates that a number of concurrent tests106 were conducted 

at the end of, the treatment phase. Hereafter we' refer to the first day of the 

treatment phase as Day 1. ` 

106 NB since a number of the concurrent tests employed in the previous experiment, such as the EPM, open field, and novel 
object test, rely, at least partly, on their novelty to be effective tests of 'anxiety', exploratory activity, 'neophobia', and so on, 
we decided not to employ them again in the present study. = 
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Treatment grouping (enriched or unenriched), reference stimuli (2kHz or 4kHz), 

responses (left or right lever), quantity of food reinforcement (1 or 2 pellets), 

experimental room in which the operant training and testing took place, and prior 
treatment grouping (UHT or Control) were all counterbalanced in this experiment. 
As in the last chapter, hereafter 2kHz=2pe11 refers to the contingency group in 

which correct responses to 2kHz tones were associated with receipt of 2 pellets of 
food, whilst correct responses to 4kHz tones were associated with reinforcement 

with 1 pellet of food; these contingencies were reversed for the 4kHz=2pell group. 
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Figure 3.1 Summary of the experimental schedule. 
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Subjects and housing 

The experimental subjects were 16 male Lister hooded rats (Rattus norvegicus; 

Harlan UK Ltd., Bicester, UK); they were previously used as subjects in the study 

described in Chapter 2, and by the time the treatment phase in the current 

experiment commenced, two months had passed since the termination of the 

treatment employed in the previous experiment. 

The rats were housed in stable pairs, in cages measuring 56cm (L) x 34cm (W) x 

19cm (H), with a 12: 12 hour lights on: off cycle (lights off at 9am). Their 

homecages were cleaned on the same morning each week, contained sawdust 

bedding (Lignocel), and provided ad libitum access to food (Eurodent Diet 22%) 

and water. Before, and after, the treatment phase, their homecages also contained 

the following: shredded paper for nesting, a red Perspex shelter (Lilico, UK) and a 

chew block; the contents of the homecages differed from this during the treatment 

phase, and this is described on p. 177. 

The rats were checked daily for health throughout the experiment. 

Two-choice operant discrimination training 

Two-choice operant discrimination training, with differential reinforcement 

The rats received one session of training per day, on the three consecutive days 

immediately prior to phase 1 probe-testing, and on three days107 immediately prior 
to phase 3 probe-testing. The design of these training sessions was exactly the 

same as that described on p. 59. 

107 Not consecutive: there was a gap of a day between the first, and second, day of training (for non-experimental reasons). 
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Single-frequency probe testing 

The rats received one session of single-frequency probe-testing per day, three 

days in a row, in each of three different measurement phases (i. e. they received a 

total of nine sessions): the single-frequency probe-testing in phase I (i. e. pre- 

treatment) finished the day before the treatment began, the probe-testing in phase 

2. took place, on Day 3 of the treatment, whilst the probe-testing in phase 3 took 

place on Day 23 of the treatment. The design of the single-frequency probe test 

sessions was exactly the same as that described on p. 61. 

Dual-frequency probe testing 

The rats received one session of dual-frequency probe-testing, in each of three 

different measurement phases (i. e. they received a total of three sessions). Each 

dual-frequency probe-testing session took place the day after the final single- 

frequency test in that measurement phase. Therefore, the dual-frequency test in 

phase I took place just before the start of the treatment phase (the change in 

'enrichment' provision took place the same day, at the end of testing); the test in 

phase 2 occurred on Day 6 of the treatment; and finally the test in phase 3 

occurred on Day 26 of the treatment. The design of the dual-frequency probe test 

sessions was exactly the same as that described on p. 63. 

Concurrent tests 

Bodyweight 

The rats were weighed, in counterbalanced order, on Day 27 of the treatment. 1 o8 

108 NB given the notable results from the analyses of bodyweight in the previous experiment, it would have been sensible to 
weigh the rats more frequently In the current study; I actually thought I had, and was surprised, on re-visiting my lab notes, to 
find that I had not done so more often (although, of course, their general health was checked daily throughout the study). It's 
possible that I may have misplaced some data pertaining to bodyweight measurement, but I think this Is unlikely - otherwise, 
it was simply a (substantial) oversight on my part. ,, 
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Homecage-based sucrose preference test 

All rats underwent a sucrose preference test in their homecage, the design of 

which was exactly the same as that described on page 65, except that it terminated 

after 7 hours (i. e. earlier), due to the detection of possible ill-health in one of the 

rats (in the enriched treatment group). The test was conducted on Day 27 of the 

treatment. 

Lever-based progressive ratio test with food reinforcement 

The design of this test was exactly the same as that described on page 66. Since 

one of the subjects (in the enriched treatment group) was withdrawn from the 

experiment the day before (due to ill health, as mentioned above)109, only 15 rats 
took part in this test, conducted on Day 28 of the treatment (the rats' homecage 

'enrichment' provision was reverted to baseline levels at the end of this test). 

Enrichment treatment 

After the completion of probe-testing at 'baseline' (i. e. during measurement phase 
1), the provision of 'enrichments' in the rats' homecages was altered, so that half 

the rats had fewer 'enrichments' than they had before (unenriched group), whilst 
the other half had more 'enrichments' than they had before (enriched group). This 

change in 'enrichment' provision lasted 28 days, after which the provision reverted 
to the pre-existing regime (see p. 175). 

The homecages of the unenriched group had the shredded paper, shelter and 

chew block removed, whilst the homecages of the enriched group had sisal rope11° 

and two compacted cotton nestlets (Lilico, UK) added as extra 'enrichments' (e. g. 
Burman et at., 2008a; Burman et at., 2008b); see Figure 3.2. 

109 This subject was soon after euthanised, due to the detection of an inoperable tumour. In the attendant veterinary 
surgeon's opinion, the tumour was unlikely to have been causing the animal any pain or discomfort, and therefore is perhaps 
unlikely to have affected the rat's behaviour greatly in the operant tests in which he was a subject. 
70 One length, attached to the cage roof in three locations (at each end, and In the middle), forming two suspended loops. 
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Figure 3.2 Schematic diagram illustrating the change in the homecage provision of 'enrichments' at 
the start of the treatment phase. 
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Data analysis 

In the last chapter, we analysed the lever choice and latency data from the single- 

frequency probe sessions using both repeated-measures ANOVAs, in SPSS 

(presented in the appendices), and also in a multilevel analysis, using MLwiN. 

Whilst it is of some academic interest to compare and contrast different analytical 

approaches, one of the main reasons we conducted two types of analysis was to 

gauge whether the results of the more complex multilevel analyses, which may 

ultimately prove more useful to us, seemed reasonable given the results of the 

repeated-measures ANOVAs. That proved to be the case, and so now we focus 

only on multilevel analyses of the lever choice and latency data from the single- 

frequency probe sessions in this chapter. Furthermore, since we introduced our 

multilevel analyses in some detail in the last chapter, rather than reiterate that 

information, here we will only present the main findings. Otherwise, the 

significance tests, the estimation procedures, and the basics of model specification 

(i. e. selection of response (y) variables, centering of continuous predictor (x) 

variables), remain the same as in the previous experiment, as do our general 

methods of model-fitting. Once more, only non-reinforced trials, in which a lever 

press was recorded, are included in the analysis. 

All other analyses were conducted in SPSS 14.0, and all met the assumptions of 

the statistical procedures used, except where we highlight an issue. When 

conducting repeated-measures ANOVAs with a within-subjects factor which had 

more than 2 levels (i. e. k>2), as in the last chapter, we follow the advice of Quinn & 

Keough (2002), and reject the null hypothesis if either the adjusted univariate 

output, or the multivariate output, reports significance at the 0.05 level. Unless 

otherwise stated, when reporting test statistics in such instances, we quote the 

Greenhouse-Geisser adjusted univariate output. 
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RESULTS 

Training performance 

For reference, Figure 3.3 plots the mean accuracy in the reference trials in those 

training sessions conducted just prior to probe-testing in the first (i. e. pre- 

treatment) and third measurement phases (i. e. towards the end of the treatment), 

indicating a general improvement in overall accuracy across the sessions in each 

of the two measurement phases, and a general bias towards making more 

mistakes in the reference trials associated with one pellet of food. 
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Figure 3.3 The mean percentage of 'correct' responses, across training session, for each of the 
two types of training trial, summarised by quantity of associated food reinforcement (+/- 1SEM). As 
indicated on the x-axis, the data is taken from each of the training sessions on the consecutive days 
immediately prior to single-frequency probe-testing in the first and third measurement phase. 

Figure 3.4 plots the same data, but pooled across measurement phase, and 

summarised by treatment group. Analyses revealed that there were no significant 

differences between the treatment groups in the accuracy of responding to each 

type of reference tone, nor across all reference tones, either over the three training 
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sessions prior to probe-testing in phase 1 ('2-pellet' trials (Yd-transformed): 

t14=1.193, p=0.253; `1-pellet' trials: t14=0.890, p=0.389; all trials: t14=0.182, 

p=0.858), nor over the three training sessions prior to probe-testing in phase 3 ('2- 

pellet' trials (square-transformed): t14=1.365, p=0.194; `1-pellet' trials: t, 4=0.750, 

p=0.466; all trials: tja=0.034, p=0.974). 
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Figure 3.4 The mean percentage of 'correct' responses in the training sessions which took place in 
the first and third measurement phases, by treatment. The data is summarised by trial type (+/- 
1 SEM). 

In addition, the mean latency to press a lever (of any identity) in the training 

sessions in the first and third measurement phases was submitted to a repeated- 

measures GLM, with measurement phase as the within-subjects factor, and 

treatment as the between-subjects factor. This found a significant main effect of 

phase, whilst the remaining main effects and interactions were non-significant 

(after first log-transforming the data, treatment: F1,14: -0.279, p=0.605; measurement 

phase: F1,14=4.906, p=0.044; treatment*measurement phase: F1,14=0.115, 

p=0.739). Figure 3.5, which plots this data across measurement phase, by 
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treatment group, indicates that both treatment groups were faster to record a 

response in the third measurement phase. 
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Figure 3.5 The mean latency to record any lever press response in the training sessions which 
took place on the consecutive days immediately prior to single-frequency probe testing, 
summarised by measurement phase (three such training sessions took place in each of the first, 
and third, phases), by treatment group (+/- 1SEM). 

The latency to record a lever press response in only those trials associated with 2 

pellets of food (i. e. the trials in which 2kHz was presented for the 2kHz=2pell 

contingency group, and the trials in which 4kHz was presented for the 4kHz=2pell 

contingency group) in the training sessions was also submitted to a repeated- 

measures GLM, with both measurement phase and accuracy of response (i. e. 
`correct' or `incorrect) as within-subject factors, and treatment as a between- 

subjects factor. This found significant main effects of measurement phase and 

accuracy of response, whilst all other main effects and interactions were non- 

significant (after first log-transforming the data, treatment: F1,14=1.213, p=0.289; 

measurement phase: Fi, 14=8.944, p=0.010; accuracy: Fi, 14=33.265, p<0.001; 

measurement phase *treatment: F1,14=0.214, p=0.650; accuracy*treatment: 
F114=0.049, p=0.829; measurement phase*accuracy: F1114=0.015, p=0.904; 
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measurement phase*accuracy*treatment: F1,14=0.129, p=0.725). Figure 3.6, which 

plots this data by accuracy and treatment, across measurement phase, indicates 

that both treatment groups were quicker to make correct responses in both 

measurement phases, whilst responses were overall quicker in latter phase (as 

confirmed by inspection of the estimated marginal means derived from the model). 
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Figure 3.6 `2-pellet' trials only. The mean latency to record a 'correct' (i. e. press the '2-pellet' 
lever) or 'incorrect' (i. e. press the '1-pellet' lever) response in the trials associated with 2 pellets of 
food in the training sessions which took place on the consecutive days immediately prior to single- 
frequency probe testing, summarised by measurement phase (three such training sessions took 
place in each of the first, and third, phases), by treatment group (+/- 1 SEM). 

Finally, the latency to record a lever press response in only those trials associated 

with 1 pellet of food in the training sessions was also submitted to a repeated- 

measures GLM, of the same design as that employed above. The analysis found a 

significant main effect of accuracy, whilst all other main effects and interactions 

were non-significant (after first log-transforming the data, treatment: F,. 14=0.563, 

p=0.465; measurement phase: F1,14=2.516, p=0.135; accuracy: F, 14=5.910, 

p=0.029; measurement phase*treatment. F1 
. 14=0.488, p=0.496; 
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accuracy*treatment: F,, 14=1.743, p=0.208; measurement phase*accuracy: 

F1,14=0.014, p=0.906; measurement phase *accuracy*treatment: F1,14=0.094, 

p=0.763). An inspection of the estimated marginal means derived from the model 

indicated that the rats were overall faster to make `correct' responses. Figure 3.7 

plots this data by accuracy and treatment, across measurement phase; whilst it 

indicates that the unenriched group were quicker to make `incorrect' responses 
(compared to `correct' responses) in the last phase, this was largely attributable to 

a far outlying value, of particularly high latency, for 'correct' responding in the latter 

phase. 
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Figure 3.7 '1-pellet' trials only. The mean latency to record a 'correct' (i. e. press the '1-pellet' 
lever) or 'incorrect' (i. e. press the '2-pellet' lever) response in the trials associated with 1 pellets of 
food in the training sessions which took place on the consecutive days immediately prior to single- 
frequency probe testing, summarised by measurement phase (three such training sessions took 
place in each of the first, and third, phases), by treatment group (+/- 1SEM). 

Single-frequency test sessions: lever choice 

Figure 3.8 to Figure 3.11 chart the mean percentage of presses on the lever 

associated with 2 pellets of food (as opposed to the lever associated with 1 pellet 
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of food) across kHz, for the 2kHz=2pell contingency group (comparing 

measurement phase 1&2 (Figure 3.8), and I&3 (Figure 3.9), respectively) and 

for the 4kHz=2pell contingency group (comparing measurement phase 1&2 

(Figure 3.10), and 1&3 (Figure 3.11), respectively). 
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Figure 3.8 Measurement phase I&2: 2kHz=2pe11. The mean percentage of lever presses made 
on the '2-pellet' lever (as opposed to the '1-pellet' lever) for the 2kHz=2pell contingency group, by 
measurement phase (1 & 2) / treatment group, across kHz (+/- 1 SEM. N. B. the means and SEM 
are derived from data summarised at the subject-level; in addition, the data pertaining to the 
'reference tones' (i. e. 2kHz and 4kHz) are taken from the non-reinforced trials only). 
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Figure 3.9 Measurement phase I&3: 2kHz=2pell. As Figure 3.8, but for measurement phase I 
& 3. 
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Figure 3.10 Measurement phase 1&2: 4kHz=2pell. As Figure 3.8, but for the 4kHz=2pel1 
contingency group. 
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Figure 3.11 Measurement phase 1&3: 4kHz=2pel1. As Figure 3.10, but for measurement phase 
1&3. 

Multi-level multiple logistic regression in MLwiN 

As in the equivalent analysis in the last chapter (e. g. p. 89), the dataset was defined 

as having two hierarchical levels, with trial (n=12,915) at the lowest level of the 

hierarchy (Level 1), and subject (n=16) at the next, higher, level of the hierarchy 

(Level 2; i. e. trial was nested within subject). 

A 'random slope' model was again fitted, up to a cubic term for probe value"', with 

the intercept, and the linear and quadratic probe value terms, allowed to vary at the 

subject-level. As Table 3.1 illustrates, this process revealed a significant difference 

between subjects both in the overall probability of pressing the '2-pellet' lever, and 

in the probability of doing so across probe value. There was also a significant fixed 

(overall) effect of probe value, indicating that the polynomial model was a good fit 

to the data, and that there was a significantly greater probability of pressing the '2- 

111 The standardised scale for probe value, as described on p. 71 
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CHAPTER 3 Environmental Enrichment and Judgements of Am! 

pellet' lever as the linear probe value term increased: i. e. as it approached the end 

of the scale where the '2-pellet' reference tone is located. 

Parameter Coefficient Wald (X) Df P 
estimate (with SE) 

Intercept Random at 0.186 (0.068) 7.574 1 0.006 
subject level 

Probe value Random at 
subject level 

0.435 (0.171) 6.476 1 0.011 

Fixed 2.737 (0.174) 247.842 1 <0.001 ** 

Probe value Random at 
subject level 

0.447 (0.177) 6.409 1 0.011 * 

Fixed 4.992 (0.206) 586.504 1 <0.001 ** 

(Probe value)2 Random at 
subject level 

1.798 (0.714) 6.342 1 0.012 * 

Fixed -0.979 (0.355) 7.602 1 0.006 ** 

(Probe value)3 Fixed -6.339 (0.296) 457.321 1 <0.001 ** 

Table 3.1 The coefficient estimates, with standard error, together with Wald test statistics and their 
significance, of fixed and random parts of various models fitted in gradual increments up to a 
polynomial 'random slope' model (as specified in Equation 0.50, in the Appendix). 

The categorical predictor variables of main interest (contingency, measurement 

phase and treatment), were then systematically added to the model as fixed 

effects. 

Contingency was first added to the model, initially as a main effect' 2. As Table 

3.2 shows, as in the equivalent analysis in the last chapter, the contingency group 

4kHz=2pell had a significantly higher overall probability of pressing the lever 

associated with 2 pellets of food. The effect of contingency across probe value 

was then examined, with two-way interaction terms featuring contingency and each 

of the probe value predictors. As Table 3.2 indicates, these interactions were 

112 The 2kHz=2pell group was the reference category, assigned a value of '0', whilst the 4kHz=2pell group was assigned a 
value of T. 
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highly significant, indicating that the probability of lever choice differs across probe 

value, as a function of contingency: see Figure 3.12. 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Contingency Fixed 0.620 (0.175) 12.577 1 <0.001 `* 

Contingency*Probe value Fixed -1.436 (0.388) 13.672 1 <0.001 ** 

Contingency*(Probe Fixed -2.160 (0.526) 16.900 1 <0.001 ** 
value)z 

Contingency*(Probe Fixed 2.465 (0.631) 15.264 1 <0.001 ** 
value)3 

Table 3.2 The coefficient estimates, with standard error, together with Wald test statistics and their 
significance, of fixed parts of various models fitted up to that specified in Equation 0.51, in the 
Appendix (the main effect quoted here is from a model without the interaction terms). 
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Figure 3.12 The predicted probability of pressing the '2-pellet' lever (as opposed to the '1-pellet' 
lever) by contingency group, across probe value (these predictions were generated from the model 
specified in Equation 0.51, in the Appendix). 

Measurement phase was then added to the model as a main effect. As Table 3.3 
indicates, there was a significantly lower probability of pressing the lever 
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CHAPTER 3 `Environmental Enrichment' and Judgements of Ambiguity in Rats 

associated with 2 pellets of food in both Phase 2 and Phase 3, compared to Phase 

1, but no significant difference between Phase 2 and Phase 3. Therefore, if the 

model were to remain at this level of specification, there would be grounds for 

collapsing the latter two measurement phases into one, thus simplifying the model 
(e. g. Rasbash et al., 2005), but since we wish to further develop the model with 

additional terms, we will keep them as they are. 

Various interactions of measurement phase with the contingency and probe value 

terms were then investigated: the two-way interaction between measurement 

phase and contingency was significant across all three measurement phases, 

except between phase I and phase 3 (see Table 3.3, and, for reference, Equation 

0.53 & Figure 0.31, in the Appendix), but none of the interactions featuring probe 

value made a useful contribution to the model, indicating there was no change in 

the shape of the lever choice response curve in the various measurement phases, 

either when contingency group was taken into account, or when it was not. 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Measurement phase 2 Fixed -0.170 (0.053) 10.423 1 0.001 
(phase I= reference) 
Measurement phase 3 Fixed -0.209 (0.053) 15.720 1 <0.001 
(phase I= reference) 
Measurement phase 3 Fixed -0.039 (0.053) 0.543 1 0.461 
(phase 2= reference) 

Measurement phase 2 
*contingency 

(phase 1= reference 

Fixed 0.423 (0.106) 15.891 1 <0.001 

Measurement phase 3 Fixed 0.180 (0.105) 2.912 1 0.088 
*contingency 

Nase I= reference) 
Measurement phase 3 Fixed -0.243 (0.106) 5.251 1 0.022 * 

*contingency 
(phase 2= reference 

Table 3.3 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (the main effect is derived from the model 
specified, in Equation 0.52, and the interaction term is derived from Equation 0.53 (both in the 
Appendix), each with appropriate alterations to the assignment of reference category). 
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CHAPTER 3 'Environmental Enrichment' and Judgements of Ambiguity in Rats 

Treatment was then added to the model as a main effect. 113 Table 3.4 indicates 

that whilst the Enriched group had a higher probability of pressing the lever 

associated with 2 pellets of food, this main effect did not explain a significant 

amount of the variance. 

Various interactions of treatment with measurement phase, contingency and probe 

value were then explored, in a variety of models. There was no indication of any 

meaningful effect of treatment on the shape of the response curves (i. e. across 

probe value), either when other factors were taken into account (i. e. in interactions) 

or not, nor did the three-way interaction between the categorical predictors (i. e. 

treatment, measurement phase and contingency) explain a significant amount of 

variance. However, as Table 3.4 indicates, one of the key interactions (for the 

purposes of our hypotheses), between treatment and measurement phase, 

indicated a significant effect of treatment on the probability of pressing the '2-pellet' 

lever across measurement phase, when comparing phase I to phase 2 (Table 0.5 

and Figure 0.32, in the Appendix, present the results of a Hosmer-Lemeshow 

goodness-of-fit test of this model, which includes the primary factors of interest: 

this test was satisfactory). Figure 3.13114 plots the predicted effect of the Enriched 

treatment (regardless of contingency group assignment), across measurement 

phase, on the overall probability of pressing the '2-pellet', contrasted against the 

Unenriched treatment group, held constant at a probability of 0.5 115. It indicates 

that the predicted effect of treatment on the probability of pressing the lever 

associated with 2 pellets of food is smaller in phase 2, compared to phase 1: when 

compared against the unenriched treatment group, held constant, the enriched 
treatment group's probability of pressing the '2-pellet' lever decreases across the 

first two measurement phases. 

113 The Unenriched treatment group were nominated as the reference category, with a value of '0', and the Enriched 
treatment group were assigned a value of '1. 

"` See Figure 0.33, in the Appendix, for a similar chart, this time allowing movement in the prediction curve pertaining to the 
unenriched group as well. It is derived from a slightly different equation to that used to generate the corresponding chart 
presented in the main text (necessarily so), but whilst the equation has a slightly different range of predictors, the relevant 
coefficient estimates are very similar, and so the resulting chart Is unlikely to be misleading. 
75 The equation used to generate this plot is the difference between the prediction equation for the enriched group (the 
whole of the equation specified in Equation 0.55, minus subject-level random effects), and the prediction equation for the 
unenriched group (the whole of that equation minus all the terms featuring treatment, since the unenriched group is assigned 
the reference category, with a value of '0): i. e. treatment + treatment*measurement phase (e. g. p. 73 of Rasbash et al., 
2005). 
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Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Treatment Fixed 0.274 (0.161) 2.886 1 0.089 

Treatment*Measurement Fixed -0.284 (0.106) 7.213 1 0.007 
phase 2 

(phase 1= reference 
Treatment*Measurement Fixed -0.144 (0.105) 1.862 1 0.172 

phase 3 
(phase 1= reference 

Treatment*Measurement Fixed 0.140 (0.105) 1.768 1 0.184 
phase 3 

Nase 2= reference 

Table 3.4 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (the main effect is derived from the model 
specified in Equation 0.54, in the Appendix, and the interaction term is derived from Equation 0.55, 
also in the Appendix, with appropriate alterations to the assignment of reference category). 
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Figure 3.13 The predicted effect of being in the enriched treatment group on the probability of 
pressing the '2-pellet' lever, across different levels of measurement phase (from a prediction 
equation derived from the model specified in Equation 0.55). Here, the enriched treatment group is 
compared against the reference category of the unenriched treatment group, which has a 
probability held constant at 0.5 (if the enriched treatment group was assigned the reference 
category, and the unenriched treatment group contrasted against that, then the resulting prediction 
plot would resemble a mirror image of the above, with the mirror held along the x-axis; for an 
alternative way of plotting such data, see Figure 0.33, in the Appendix). 

Finally, a number of other terms of interest were added to the model. As Table 3.5 
indicates, the addition of Prior treatment (i. e. the treatment employed in the 

previous study in which the rats were subject, described in Chapter 2) as a main 
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effect "s found that subjects previously in the UHT (unpredictable housing) group 

were significantly more likely to press the lever associated with 2 pellets of food 

compared to those subjects previously in the control (predictable housing) group. 

A two-way interaction between prior treatment (i. e. UHT or control) and current 

treatment (i. e. enriched or unenriched) was added to the model, to investigate 

whether treatment history interacted with the current treatment regime: as Table 

3.5 also indicates, however, this was not a significant term. We also investigated 

any change in the effect of prior treatment on the probability of pressing the '2- 

pellet' lever across measurement phase, by adding an interaction between these 

terms. As Table 3.5 indicates, this interaction was significant when comparing the 

first and the third measurement phase. Figure 3.14"' plots the predicted effect of 

the unpredictable housing treatment on the overall probability of pressing the '2- 

pellet' lever in the current experiment, across measurement phase: the main effect 

of prior treatment is apparent, with those subjects previously in the UHT group 

consistently more likely to press the `2-pellet' lever than the control (predictable 

housing) group (held constant, with a probability of 0.5), but the chart illustrates this 

difference diminishes as measurement phase progresses, with the change 
between the first and third measurement phases being the greatest. 

As Table 3.5 additionally indicates, interactions of prior treatment with the probe 

value terms were also significant, indicating there was a change in the probability 

of lever choice, across probe value, depending on whether subjects were 

previously in the UHT group or not. Figure 3.15, which plots the resulting 

predictions, again illustrates the main effect of prior treatment, with the UHT group 

overall more likely to press the `2-pellet' lever compared to the control (predictable 

housing) group18, but further indicates that this difference is particularly 

pronounced around the `2-pellet' reference tone, and around the probe values at 
the far end of the scale, beyond the `1-pellet' reference tone. 

"s The control (predictable housing) group were assigned the reference category, with a value of '0', and the unpredictable 
housing treatment (UHT) group were assigned a value of '1'. 

117 As before, see Figure 0.34, in the Appendix, for an alternative method of plotting such predictions, again derived from a 
slightly different equation. 
18 Again, held constant, with a probabilty of 0.5. 
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Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Prior treatment Fixed 0.324 (0.141) 5.263 1 0.022 " 

Prior treatment*Treatment Fixed 0.048 (0.282) 0.028 1 0.867 

Prior treatment Fixed -0.055 (0.106) 0.265 1 0.607 
*Measurement phase 2 
(phase 1= reference) 

Prior treatment Fixed -0.231 (0.105) 4.819 1 0.028 * 
*Measurement phase 3 
(phase 1= reference) 

Prior treatment Fixed -0.177 (0.106) 1.793 1 0.181 
*Measurement phase 3 
(phase 2= reference 

Prior treatment*Probe Fixed 0.871 (0.381) 5.225 1 0.022 * 
Value 

Prior treatment*(Probe Fixed 0.578 (0.543) 1.133 1 0.287 
Value) 2 

Prior treatment*( Probe Fixed -1.673 (0.598) 7.836 1 0.005 ** 
Value) 3 

Table 3.5 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (derived from the models specified in 
Equation 0.57 to Equation 0.60 (model featuring non-significant Prior treatment*treatment term not 

Figure 3.14 The predicted effect of being in the unpredictable housing treatment (UHT) group on 
the probability of pressing the '2-pellet' lever, across different levels of measurement phase (from a 
prediction equation derived from the model specified in Equation 0.58). Here, the UHT group is 
compared against the reference category of the control (predictable housing) group, which has a 
probability held constant at 0.5 (for an alternative way of plotting such data, see Figure 0.34, in the 
Appendix). 
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Figure 3.15 The predicted effect of being in the unpredictable housing treatment (UHT) group on 
the probability of pressing the `2-pellet' lever, across probe value (from a prediction equation 
derived from the model specified in Equation 0.60) Here, the UHT group is compared against the 
reference category of the control (predictable housing) group, which has a probability held constant 
at 0.5. 

As in the analysis conducted on the unpredictable housing experimental data 

described in the last chapter, the Position of the 2-pellet lever was added to the 

model. 119 As Table 3.6 indicates, unlike that analysis, here the term did not explain 

a significant amount of the variance. 120 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

position of the 2-pellet Fixed 0.118 (0.137) 0.745 1 0.388 
lever 

Latency Fixed -0.020 (0.005) 15.192 1 <0.001 `" 

Table 3.6 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (from the models specified in Equation 0.62, 
and Equation 0.63, respectively: both in the Appendix). 

Finally, latency to record a lever press was added to the model as a main effect. 

As Table 3.6 shows, the rats were significantly quicker to press the `2-pellet' lever 

119 The counterbalanced group which had the '2-pellet' lever to the left of the food hopper were assigned the reference 
category, with a value of '0', whilst those with the '2-pellet' lever to the right of the food hopper were assigned a value of '1'. 

120 Nor did Room (i. e. the room in which the rat's were trained and tested: either Room A or B), nor the interaction between 
the two terms (not reported). 
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than they were the `1-pellet' lever121: we explore latency further when it is modelled 

as the response (y) variable, below. 

Reference trial accuracy 

For each subject, the mean percentage of `correct' responses in all the reference 

trials (i. e. reinforced or not - therefore modelling a larger number of such trials) in 

the single-frequency probe sessions was pooled within each measurement phase, 

and submitted to exploratory analyses, using separate repeated-measures GLMs 

for each trial type (i. e. all reference trials, '1-pellet' reference trials, '2-pellet' 

reference trials), with treatment as a between-subjects factor, and measurement 

phase as a within-subjects factor. These found a significant main effect of 

measurement phase, and a significant interaction between measurement phase 

and treatment, when modelling accuracy across all reference trials, and when 

modelling accuracy in just the '1-pellet' reference trials; all other main effects and 

interactions were non-significant (all reference trials - treatment: F1,14=0.056, 

p=0.817; measurement phase: F1.9,26.602=8.184, p=0.002; treatment*measurement 

phase: F2,26602=3.502, p=0.047; '2-pellet' reference trials - treatment: F1,14=0.384, 

p=0.545; measurement phase: Fi. 731,24.238=0.678, p=0.497; 

treatment*measurement phase: F1.731,24.238=0.284, p=0.724; '1-pellet' reference 

trials - treatment: F1,14=0.760, p=0.398; measurement phase: F1.958,27 410=4.633, 
p=0.019; treatment*measurement phase: F1.958,27.41o=3.685, p=0.039). Inspection 

of the (non-corrected) interaction contrasts indicated significance when comparing 

the first and third measurement phases, in both 'all reference' (F1,14=7.954, 

p=0.014) and 1-pellet reference' (F1,14=6.07, p=0.027) analyses, whilst the 

interaction contrast neared significance when comparing the first and second 

measurement phase in the `1-pellet reference' analysis (F1,14=3.941, p=0.067); all 

other contrasts were non-significant. Figure 3.16 plots this data, summarised by 

reference trial type and treatment, across measurement phase; it indicates that the 

accuracy of the enriched group in the '1-pellet' reference trials substantially 

improved across measurement phase, as did their overall accuracy. 

121 This remained the case when only datapoints of a latency under, or equal to, 3 seconds (n=11,987) were modelled 
(p<0.001). 
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Figure 3.16 The mean percentage of `correct' responses in the reference trials (both reinforced, 
and non-reinforced) in the single-frequency probe sessions, summarised by reference trial type, 

measurement phase, and treatment (+1- 1 SEM). 

For reference, Figure 3.17 plots this data in a slightly different manner: adding the 

percentage accuracy in the '2-pellet' reference trials to the percentage inaccuracy 

in the `1-pellet' reference trials; as such, an index of error bias in the reference 

trials is produced, with values above 100 indicating a bias towards pressing the '2- 

pellet' lever, and values below 100 indicating the opposite (i. e. a bias towards 

pressing the `1-pellet' lever). As such, it confirms the pattern suggested by the 

analyses above: namely that the enriched group had a bias towards pressing the 

`2-pellet' lever at `baseline' (i. e. during phase 1), but this gradually attenuated to a 

point in the final measurement phase in which there was very little net bias (i. e. 

they were equally accurate, or close to it, in both types of reference trial). 
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Figure 3.17 The mean index of accuracy bias (see main text) in the reference trials presented 
during the single-frequency probe sessions, summarised by treatment and measurement phase (+/- 
1 SEM); values above 100 indicate a bias towards pressing the '2-pellet' lever, whilst values below 
100 indicate a bias towards pressing the '1-pellet' lever. 

Single-frequency test sessions: latency 

Figure 3.18 to Figure 3.21 plot the mean latency to press the lever associated with 
2 pellets of food, across kHz, for the 2kHz=2pell (Figure 3.18 compares phase 1 

and phase 2; Figure 3.19 compares phase 1 and phase 3), and 4kHz=2pell (Figure 

3.20 compares phase I and phase 2; Figure 3.21 compares phase 1 and phase 3) 

contingency groups, respectively, whilst Figure 3.22 to Figure 3.25 plot the mean 
latency to press the lever associated with 1 pellet of food, across kHz, for the 

2kHz=2pell (Figure 3.22 compares phase I and phase 2; Figure 3.23 compares 

phase I and phase 3), and 4kHz=2pell (Figure 3.24 compares phase 1 and phase 
2; Figure 3.25 compares phase I and phase 3) contingency groups, respectively. 
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Figure 3.18 `2-pellet' lever latency: 2kHz=2pe11 / Measurement Phase 1&2. The mean 
latency, in seconds, for the 2kHz=2pell contingency group to press the lever associated with 2 
pellets of food, by treatment group, across kHz, for the first two measurement phases (+/- 1 SEM. 
N. B. the means and SEM are derived from data summarised at the subject-level (note: if, in one of 
the measurement phases, a subject never pressed this particular lever following one of the kHz 
tones, that subject did not contribute to the corresponding summary datapoint122); in addition, the 
data pertaining to the 'reference tones' (i. e. 2kHz and 4kHz) are taken from the non-reinforced trials 
only). 

122 An alternative would have been to enter a maximum 'timed-out' latency, but since each trial terminated following a lever 
press (rather than being timed-out), it is not clear what value any such maximum latency would take. 
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Figure 3.19 '2-pellet' lever latency: 2kHz=2pell / Measurement Phase I&3. As Figure 3.18, 
but plotting the first and last measurement phase. 
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Figure 3.20 '2-pellet' lever latency: 4kHz=2pell / Measurement Phase I&2. As Figure 3.18, 
but for the 4kHz=2pell contingency group. 
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Figure 3.21 `2-pellet' lever latency: 4kHz=2pe11 / Measurement Phase 1&3. As Figure 3.20, 
but plotting the first and last measurement phase. 
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Figure 3.22 `1-pellet' lever latency: 2kHz=2pell / Measurement Phase 1&2. As Figure 3.18, 
but for presses on the ' 1-pellet' lever. 
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Figure 3.23 1 -pellet' lever latency: 2kHz=2pell /Measurement Phase 1&3. As Figure 3.22, 
but plotting the first and last measurement phase. 
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Figure 3.24 `1-pellet' lever latency: 4kHz=2pell / Measurement Phase 1&2. As Figure 3.22, 
but for the 4kHz=2pell contingency group. 
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Figure 3.25 `1-pellet' lever latency: 4kHz=2pell / Measurement Phase 1&3. As Figure 3.24, 
but plotting the first and last measurement phases. 

Multi-level general linear model in MLwiN 

As in the equivalent analysis in the last chapter, since histograms of the raw 

latency data revealed a marked positive skew, some form of transformation was 

likely to be necessary to meet the assumptions of a general linear model. The 

residuals from a variety of exploratory models were therefore inspected, and a 

negative reciprocal root transformation was once more chosen as the most 

appropriate transformation. When employing this transformation in the last 

chapter, a few outlying datapoints (n=7) of very short latency (50.12 seconds) were 

omitted; here, since there were a slightly larger number of such datapoints (n=24 at 

: 50.12 seconds), rather than omit them, we rounded the latency data into slightly 

larger `bins' (i. e. measurement units) 123 prior to transformation. See later for a 
further examination of whether the data met the assumptions of the model. 

123 The user can specify whether the Graphic State software, used to record the rats' responses in the operant chamber, 
samples the operant environment (and thus detects any changes, such a lever press) every 0.02,0.05, or 0.1 seconds. We 
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The hierarchy of the dataset was defined in the same way as in the multilevel 

analysis of lever choice, above: i. e. with trial (n=12,915) at Level 1, nested within 

subject (n=16) at Level 2. 

As in the equivalent analysis in the last chapter, the regression equation was 

refined, in increments, up to a random slope model, with the linear and quadratic 

probe value terms allowed to vary at the subject-level, and the cubic probe value 

term remaining fixed (Equation 0.64, in the Appendix)124. This process indicated 

the following: there was a highly-significant amount of variation in latency between 

subjects (allowing the intercept term to randomly vary at subject-level, a log 

likelihood ratio test found: 19168.430 - 16858.780 = 2309.65,1 d. f., p<0.001); the 

addition of the probe value terms as fixed effects significantly improved the fit of 

the model (16858.780 - 16401.580 = 457.2,3 d. f., p<0.001), indicating there was a 

shorter latency to record a lever response as the linear probe value scale 

increased in value (i. e. as it approached the end of the scale where the `2-pellet' 

reference stimulus was located); and there was a significant amount of subject- 

level variance in latency across probe value (allowing the linear and quadratic 

probe value terms to randomly vary across subject: 16401.580 - 16211.390 = 
190.19,5 d. f., p<0.001). The variance partition coefficients (VPC) we calculated 

from these relatively simple models indicated around 17 to 17.5%125 of the overall 

variance could be attributed between-subject variation. 

The addition of Lever choice (i. e. whether the lever associated with 2 pellets of 
food was pressed or not), as a main effect, 126 also improved the model's fit 

(16211.390 - 16174.850 = 36.54,1 d. f., p<0.001; Equation 0.65, in the Appendix): 

the negative valence of the coefficient indicated there was a shorter latency when 

originally chose a sampling interval (i. e. 'bin') of 0.02 seconds, but prior to the current analysis (and transformation) rounded 
this data to one decimal point (i. e. converted the bins to 0.1 seconds), with a minimum latency of 0.2 seconds. Whilst this 
resulted in a slight loss of information, this simple 'smoothing' procedure (e. g. Quinn & Keough, 2002) enabled us to model 
the full dataset whilst reducing the risk that very low latency outliers would disproportionately influence the model. 

124 As mentioned previously in the thesis, while describing the model we occasionally refer to equations copied into the 
Appendix: it's not necessary to refer to all (or any) of these, they are presented for purposes of optional reference, should the 
reader wish to check other aspects of the model not reported here. 

125 Calculated first without, and then with, the probe value terms, respectively. These values are similar to those calculated 
in the equivalent analysis in the last chapter (we found 17.4%, and 18%, respectively, in that analysis). 

126 Presses on the '1-pellet' lever were assigned the reference category, with a value of '0', whilst presses on the '2-pellet' 
lever were assigned a value of '1'. 
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the `2-pellet' lever was pressed, compared to presses on the `1-pellet' lever (as 

indicated when latency was introduced as a predictor (x) variable in the multilevel 

analysis of lever choice, above, and in contrast to the unpredictable housing 

study). The addition of lever choice*probe value interaction terms also improved 

the model (16174.850 - 15271.270 = 903.58,3 d. f., p<0.001; Equation 0.66, in the 

Appendix), indicating that the latency to press each lever differed across probe 

value, as Figure 3.26 clearly indicates. 

Figure 3.26 The predicted probability of pressing each lever, across probe value (these predictions 
were generated from the model specified in Equation 0.66, in the Appendix). 

The addition of Contingency to the model revealed it did not have a significant 

main effect (15271.270 - 15269.700 = 1.57,1 d. f., p=0.210; Equation 0.67). 

indicating there was no overall difference in latency across contingency. However, 

fitting contingency up to a three-way interaction with lever choice and probe value, 
did improve the fit of the model, and so these terms remained (15269.700 - 
15035.500 = 234.2,7 d. f., p<0.001; Equation 0.68). 

The addition of measurement phase, as a main effect, made a very significant 
improvement to the fit of the model (15035.500 - 14926.610 = 108.89,2 d. f., 

p<0.001; Equation 0.69, in the Appendix). As Table 3.7 indicates, Normal 

distribution tests found that the lever press responses in Phase 2 were significantly 
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quicker than those in each of the other two measurement phases, whilst those in 
Phase I were significantly quicker than those in Phase 3 (i. e. the order of latency 

across measurement phase, with the quickest listed first, was: Phase 2< Phase I 

< Phase 3).. Various interactions of measurement phase with probe value,, lever 

choice and contingency were explored: none improved the model's fit, bar the 
interaction of, measurement phase with contingency (14926.610 - 14912.250 = 
14.36,2 d. f., p<0.001; Equation 0.70), and so this alone remained, along with the 

main effect. 

Parameter Coefficient Normal Df P 
estimate distribution 
(with SE) test stat 

Measurement phase 2 Fixed -0.070(0.009) 7.889 1 <0.001 
(phase 1= reference) 

Measurement phase 3 Fixed 0.023(0.009) 2.556 1 0.005 
(phase I= reference) 

Measurement phase 3 Fixed 0.093(0.009) 10.333 1 <0.001 *" 
(phase 2= reference) 

Table 3.7 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Normal distribution test statistics and their significance (derived from the model 
specified in Equation 0.69, in the Appendix, with appropriate alterations to the assignment of 
reference category). 

The addition of treatment (i. e. enriched or unenriched), as a main effect, 127 did not 
improve the, model (14912.250 - 14910.990 = 1.26,1 d. f., p=0.262; Equation 0.71),, 
however the. two-way, interaction., between treatment and lever choice did 
(14910.990 - 14873.540 37.45,1 d. f.,, p<0.001, Equation 0.72). An examination 
of the coefficients revealed that the enriched treatment group were faster to press 
the '1-pellet' lever, and slower to press the '2-pellet' lever, than the unenriched 
treatment group. -The interaction of treatment with measurement phase also 
substantially improved the model's fit to the data (14910.990 - 14851.200 = 59.79 

127 The Unenriched treatment group were assigned the reference category, with a value of '0, whilst the Enriched treatment 
group were assigned a value of 'I'. 
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2 d. f., p<0.001; Equation 0.73). Figure 3.27128 plots the predicted effect of the 

enriched treatment on latency across measurement phase, contrasted against the 

unenriched treatment group, which are held constant at zero. Both this chart, and 
Table 3.8, indicate that whilst the enriched treatment group are notably faster to 

record a response in the first two measurement phases, this difference is 

diminished in the final measurement phase. 

Finally, prior treatment was added to the equation, firstly as a main effect. 12g The 

improvement in the fit of the model indicated that those subjects in the UHT group 

in the previous experiment were, overall, significantly quicker to record a lever 

response in the current experiment (14812.240 (Equation 0.75) - 14807.010 

(Equation 0.76) = 5.23,1 d. f., p=0.022). The interaction of prior treatment (i. e. 
UHT or Control) with current treatment (i. e. enriched or unenriched) was not 

significant (14807.010 - 14806.670 = 0.34,1 d. f., p=0.560; Equation 0.77), nor was 

the interaction of prior treatment with lever choice (14807.010 - 14803.520 = 3.49, 

1 d. f., p=0.062; Equation 0.78) . 
However, the interaction of prior treatment with 

measurement phase did improve the model's fit (14807.010 - 14800.270 = 6.74,2 

d. f., p=0.034; Equation 0.79), with the difference between the two treatment groups 

greater in the first measurement phase, and reasonably constant across the last 

two (see Figure 3.28)130. Figure 0.37 to Figure 0.40, in the Appendix, plot the 

residuals from this model, revealing the model's assumptions have been 

reasonably well upheld. 

128 Again, see Figure 0.35, in the Appendix, for an alternative way of plotting such predictions, as derived from a slightly 
different equation. 
129 The Control (predictable housing) group were assigned the reference category, with a value of '0, whilst the 
unpredictable housing treatment (UHT) group were assigned a value of '1'. 

130 Or Figure 0.36, in the Appendix, for different method of plotting such data, using predictions derived from a slightly 
different equation. 
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Parameter Coefficient Normal Df P 
estimate distribution 
(with SE) test stat 

Treat. *Measurement phase 2 Fixed -0.034(0.018) 1.889 1 0.029 * 
(phase 1= reference) 

Treat. *Measurement phase 3 Fixed 0.103(0.018) 5.722 1 <0.001 ** 
(phase I= reference) 

Treat. *Measurement phase 3 Fixed 0.137(0.018) 7.611 1 <0.001 ** 
(phase 2= reference) 

Table 3.8 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Normal distribution test statistics and their significance (derived from the model 
specified in Equation 0.73, in the Appendix, with appropriate alterations to the assignment of 
reference category). 

Figure 3.27 The predicted effect of the enriched treatment on the latency to press either lever, 
across different levels of measurement phase (from a prediction equation derived from the model 
specified in Equation 0.73). Here, the enriched group is compared against the reference category 
of the unenriched group, which has a latency held constant at zero seconds (see Figure 0.34, in the 
Appendix, for an alternative way of plotting such data). 
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Figure 3.28 The predicted effect of the UHT (prior) treatment on the latency to press either lever, 
across different levels of measurement phase (from a prediction equation derived from the model 
specified in Equation 0.79). Here, the UHT group is compared against the reference category of 
the Control (predictable housing) group, which has a latency held constant at zero seconds (see 
Figure 0.36, in the Appendix, for an alternative way of plotting such data). 

Finally, as in the equivalent analysis in the last chapter, we briefly review two 

simpler, subsidiary models, each of which only models the latency data from one 

lever (i. e. the `2-pellet' or `1-pellet' lever). For the categorical predictor (x) 

variables, the choice of reference category remained the same as for the latency 

analysis of all the lever presses, above. 

The analysis modelling only those presses made on the `2-pellet' lever (n=6,436)131 

found no significant main effect of treatment (i. e. enriched or unenriched) on the 

latency to record a lever press (6377.846 (Equation 0.81) - 6375.550 (Equation 

0.82) = 2.296,1 d. f., p=0.130), although the addition of the interaction between 

treatment and measurement phase did substantially improve the model's fit 

(6375.550 (Equation 0.82) - 6341.172 (Equation 0.83) = 34.378,2 d. f., p<0.001); 

13' Due to convergence problems encountered during model-building, the model was specified slightly different in this 
analysis, with the quadratic term for probe value being fixed (i. e. not allowed to vary randomly at the subject-level). When 
we compared this model to those in which the quadratic term was allowed to randomly vary, and which successfully 
converged, the conclusions presented here, in the main text, remained the same. 
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Figure 3.29132 indicates that when compared against the unenriched treatment 

group, who are held constant, the latency of the enriched treatment group's 

responses on the `2-pellet' lever became increasingly greater (i. e. slower) as 

measurement phase progressed. Otherwise, our investigations of the model found 

no indication of any difference in the shape of the regression curve by treatment: 

either when measurement phase was taken into account (in a three-way 

interaction), or not. 

Figure 3.29 The predicted effect of the enriched treatment on the latency to press the '2-pellet' 
lever, across different levels of measurement phase (from a prediction equation derived from the 
model specified in Equation 0.83). Here, the enriched treatment group is compared against the 
reference category of the unenriched treatment group, which has a latency held constant at zero 
seconds (see Figure 0.41, in the Appendix, for an alternative way of plotting such data). 

The addition of prior treatment, as a main effect, indicated that the unpredictable 
housing treatment (UHT) group were significantly faster to press the `2-pellet' lever 

(6341.172 (Equation 0.83) - 6332.986 (Equation 0.85) = 8.186,1 d. f., p=0.004). 
The interaction between prior treatment and probe value also improved the model's 
fit (6332.986 (Equation 0.85) - 6321.554 (Equation 0.86) = 11.432,3 d. f., 

132 See Figure 0.41, in the Appendix, for different method of plotting such data, using predictions derived from a slightly 
different equation. 
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p=0.010): as Figure 3.30 indicates, whilst the UHT group were generally faster to 

press the '2-pellet' lever than the Control group, this difference was particularly 

pronounced around the '2-pellet' reference tone, and neighbouring probe values. 

The addition of interactions with measurement phase (with and without probe 

value) did not account for a significant amount of variance, indicating there was no 

change in overall latency, or latency across probe value, for the prior treatment 

groups, as measurement phase progressed. Figure 0.42 to Figure 0.45, in the 

Appendix, which plot the residuals from this model, suggest the model's 

assumptions have been reasonably well upheld. 

Figure 3.30 The predicted effect of the UHT (prior) treatment on the latency to press the '2-pellet' 
lever, across probe value (a standardised scale, with '1' corresponding to the reference stimulus 
associated with 1 pellet of food, and '2' corresponding to the reference stimulus associated with 2 
pellets of food. Prediction equation derived from the model specified in Equation 0.86). Here, the 
UHT group is compared against the reference category of the Control (predictable-housing) group, 
which has a latency held constant at zero seconds. 

The analysis modelling only those presses made on the '1-pellet' lever (n=6,479) 

found a significant main effect of treatment, with the enriched treatment group 

significantly quicker to press the `1-pellet' lever (8207.634 (Equation 0.87) - 
8199.477 (Equation 0.88)= 8.157,1 d. f., p=0.004). The two-way interaction of 
treatment with measurement phase made a highly-significant contribution to the 

model (8199.477 (Equation 0.88) - 8155.634 (Equation 0.89) = 43.843,2 d. f., 
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p<0.001): as Table 3.9 and Figure 3.31 133 indicate, whilst the enriched treatment 

group were consistently faster to press the `1-pellet' lever, this difference increased 

from the first to second measurement phase, and decreased in the final 

measurement phase. The interactions of treatment with probe value, either with or 

without measurement phase, did not contribute significantly to the model, indicating 

no difference in the latency to press the `1-pellet' lever between the two treatment 

groups depending on which probe value has been presented. 

Parameter Coefficient Normal Df P 
estimate distribution 
(with SE) test stat 

Treat. *Measurement phase 2 Fixed -0.095(0.028) 3.393 1 <0.001 * 
(phase 1= reference) 

Treat. *Measurement phase 3 Fixed 0.085(0.028) 3.036 1 0.001 ** 
(phase 1= reference) 

Treat. *Measurement phase 3 Fixed 0.180(0.028) 6.429 1 <0.001 ** 
(phase 2= reference) 

Table 3.9 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Normal distribution test statistics and their significance (derived from the model 
specified in Equation 0.89, in the Appendix, with appropriate alterations to the assignment of 
reference category). 

133 See Figure 0.46, in the Appendix, for different method of plotting such data, using predictions derived from a slightly 
different equation. 
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Figure 3.31 The predicted effect of the enriched treatment on the latency to press the '1-pellet' 
lever, across different levels of measurement phase (from a prediction equation derived from the 
model specified in Equation 0.89). Here, the enriched treatment group is compared against the 
reference category of the unenriched treatment group, which has a latency held constant at zero 
seconds (see Figure 0.46, in the Appendix, for an alternative method of plotting such data). 

The addition of prior treatment, as a main effect, did not significantly improve the 

model (8155.634 (Equation 0.89) - 8152.285 (Equation 0.91) = 3.349,1 d. f., 

p=0.067), nor did any of the interactions we explored between prior treatment and 

measurement phase or probe value. Figure 0.47 to Figure 0.50, in the Appendix, 

plot the residuals from the model specified in Equation 0.89, and suggest the 

model's assumptions have been reasonably well upheld. 

Lever choice in dual-frequency probe trials 

The mean percentage of presses on the lever associated with 2 pellets of food 

following presentation of the probe stimuli in each dual-frequency probe session 

was taken for each subject, and analysed in a repeated-measures GLM, with 

measurement phase as a within-subjects factor, and contingency and treatment as 

between-subjects factors. There was a highly-significant main effect of 

contingency, indicating that the 4kHz=2pe11 group were more likely to press the 

lever associated with 2 pellets of food when presented with the dual-frequency 
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probes (see Figure 3.32), but no other significant main effects nor interactions 

(measurement phase: F1.99,23.877 0.357, p=0.702; treatment: F, 12=0.008, p=0.931; 

contingency: F1112=24.915, p<0.001; measurement phase * treatment: F2,24=0.205, 

p=0.816; measurement phase * contingency: F1.99,23.87=1.715, p=0.202; treatment 

* contingency: F, 112=0.236, p=0.636; measurement phase * contingency * 

treatment: F1.99,23.877=0.066, p=0.936). Figure 3.33 plots the mean percentage of 

presses on the lever associated with 2 pellets of food in the dual-frequency probe 

trials, for each treatment group, across measurement phase; it confirms the results 

of the analyses: i. e. there was little difference between the two treatment groups, 

with little change across measurement phase. 
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Figure 3.32 The mean percentage of presses on the '2-pellet' lever in the dual-frequency probe 
trials, across measurement phase for each contingency group (+/- 1 SEM). 
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Figure 3.33 The mean percentages of presses made on the '2-pellet' lever in the dual-frequency 
probe trials, across measurement phase for each treatment group (+/- 1 SEM). 

Latency in dual-frequency probe trials 

The mean latency to press either lever (i. e. regardless of that lever's identity) in the 

probe trials was taken for each subject for each dual-frequency test session, and 

analysed (following a negative inverse-transformation) in a repeated-measures 

GLM, with measurement phase as a within-subjects factor, and contingency and 

treatment as between-subjects factors; this found all main effects and interactions 

to be non-significant (treatment: F1,12=0.097, p=0.761; contingency: F1,12=2.052, 

p=0.178; measurement phase: Fß. 735,20.816 0.733, p=0.474; measurement phase 

treatment: F,. 735,2o. 816=0.666, p=0.504; measurement phase * contingency: 
Fl. 735,2o. 816=0.020, p=0.970; treatment * contingency: F1112=0.048, p=0.831; 

measurement phase * contingency * treatment: F1.735,20.816=0.166, P=0.819). 

Figure 3.34 plots the mean latency to press either lever in the dual-frequency 

probe trials for each treatment group, across measurement phase, confirming little 

difference between the groups, and little change across measurement phase. 
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Figure 3.34 The mean latency to press either lever in the dual-frequency probe trials, across 
measurement phase for each treatment group (+/- 1SEM). 

Additional analyses were conducted on the latency to press each different lever 

(i. e. as a function of whether it was associated with 1 or 2 pellets of food). The 

(log-transformed) latency to press the lever associated with 1 pellet of food in the 
dual-frequency probe trials was analysed using the same repeated-measures 

model; this found no significant main effect nor interactions (measurement phase: 
F1.904,22.845=0.136, p=0.864; treatment: F1,12=0.484, p=0.500; contingency: 
F1,12=0.598, p=0.454; measurement phase * treatment: F1.904,22.845=0.572, p=0.564; 

measurement phase * contingency: F1.904,22.845 0.294, p=0.738; treatment * 

contingency: F1,12=0.473, p=0.505; measurement phase * contingency * treatment: 

F1904 22.845=1.074, p=0.355). Figure 3.35 shows the change in mean latency 

across measurement phase for each of the treatment groups, confirming little 

difference between the groups, and little change across measurement phase. 
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Figure 3.35 The mean latency to press the '1-pellet' lever in the dual-frequency probe trials, across 
measurement phase for each treatment group (+/- 1 SEM). 

The (negative inverse-transformed) latency to press the lever associated with 2 

pellets of food in the dual-frequency probe trials was analysed in the same way134; 

this found no significant main effect nor interactions (measurement phase: 

F1.960,23.516=1.139, p=0.336; treatment: F1,12=0.003, p=0.956; contingency: 

FI 12=2.760, p=0.123; measurement phase * treatment: F1 
_960,23.516 

0.189, p=0.825; 

measurement phase * contingency: F1.960,23.516=0.045, p=0.954; treatment * 

contingency: F1,12=0.193, p=0.668; measurement phase * contingency * treatment: 

Fi. g60,23.516=3.136, p=0.063). Figure 3.36 shows the change in mean latency 

across measurement phase for each of the treatment groups. 

134 N. B. all assumptions of the GLM were met, bar the variances of the residuals from Phase 1, which failed a formal test of 
homogeneity (Levene's: p=0.002). While the log-transformed data faired better in the formal test, inspection of the residual 
plots suggested little improvement, and the negative-inverse transformation was chosen since it achieved better normality. 
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Figure 3.36 The mean latency to press the '2-pellet' lever in the dual-frequency probe trials, across 
measurement phase for each treatment group (+/- 1 SEM). 

Lever-based progressive ratio test with food reinforcement 

Figure 3.37 plots the total number of times the lever was pressed during the 

progressive ratio test session by current treatment group. The data is plotted from 

both the current (environmental enrichment) experiment (the test took place 28 

days after the change in enrichment), and, for reference, from the previous 

(unpredictable-housing) study. Of course, the rats were not in these current 

treatment groups during the unpredictable-housing study, and so are grouped by 

future treatment assignment, counterbalanced with respect to their previous 

treatment grouping (UHT or Control) in that experiment. Since the design was 

therefore orthogonal, the data were submitted to a repeated-measures GLM, with 

measurement phase (UHT Experiment: Post-treatment and Enrichment 

Experiment: Post-treatment) as the within-subjects factor, and current treatment 

(enriched and unenriched) as a between-subjects factor135. This found 

135 This analysis exluded all data from the subject (later assigned to the unenriched treatment group) that was excluded from 
the test during the unpredictable-housing study due to ill-health, and all data from the subject (enriched treatment group) 
euthanised shortly before the test in the environmental enrichment study. 
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measurement phase neared significance at the 0.05 level (as Figure 3.37 

indicates, there was an overall lower number of lever presses during the test which 

took place in the Enrichment Experiment), with current treatment, and the 

interaction between the two terms, non-significant (treatment: F1,12=0.396, p=0.541; 

measurement phase: Fß, 12=4.582, p=0.054; measurement phase Ireatment: 

F112=0.001, p=0.976). 
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Figure 3.37 The mean number of times the lever was pressed in the progressive ratio test session 
by treatment group, across measurement phase (error bar = 1SEM). These summaries do not 
include any of the data from the two subjects (one in each of the unenriched and enriched treatment 
groups) that were excluded from one or other of the two test occasions due to non-experimental 
reasons (including their data does not substantially change the pattern of the plots). 

Sucrose consumption: homecage-based test 

Figure 3.38 plots the amount of sucrose solution consumed as a proportion of total 

fluid (i. e. water and sucrose solution) intake in each homecage, by treatment 

group. The results are plotted both from the sucrose consumption test conducted 

in the current (environmental enrichment) experiment, and also, for reference, from 
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the last occasion the test took place: in the preceding (unpredictable housing) 

experiment (see Figure 2.47). As the chart suggests, a repeated-measures GLM, 

with treatment as the between-subjects factor, and measurement phase as the 

within-subjects factor, found no significant differences in the amount of (arcsin- 

square-root-transformed) sucrose solution consumed as a proportion of total fluid 

intake (treatment: F1,6=0.176, p=0.689; measurement phase: F1,6=1.022, p=0.351; 

measurement phase*treatment: Fi, 6=0.365, p=0.568). 
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Figure 3.38 The mean amount of sucrose solution consumed as a proportion of total fluid intake 
(i. e. both water and sucrose solution) in a homecage-based sucrose preference test, by treatment, 
during different measurement phases (+/- 1SEM). On the x-axis, 'Enrich Expt: Post-treatment' 
refers to the test which took place during the current (environmental enrichment) experiment, x days 
following a change in environmental enrichment. For reference, the results from the last occasion 
the rats received this test, towards the end of the previous (unpredictable-housing) experiment, are 
also plotted along the x-axis, as 'UHT Expt: Post-treatment 3' (see Figure 2.47). All the data are 
summarised by current treatment group (enriched or unenriched): i. e. the data from 'UHT Expt: 
Post-treatment 3' are grouped by future treatment assignment (in the unpredictable-housing 
experiment, the rats were in treatment groups specific to that study (UHT and control); these were 
counter-balanced across their later assignment to the enriched or unenriched groups). 

Bodyweights 

Figure 3.39 plots the rats' bodyweight, in grams, 27 days following the change in 

environmental enrichment, by current treatment group (i. e. enriched or 

unenriched). For reference, the bodyweight data, summarised by the same current 
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treatment grouping, are also plotted from the previous (unpredictable-housing) 

experiment. Of course, the rats were not in the enriched and unenriched treatment 

groups during the unpredictable-housing study: rather, they were in the groups 

specific to that experiment (i. e. UHT and control). However, since their prior 

treatment grouping was counterbalanced with regard to their current treatment 

assignment, this orthogonal design allows us to compare any change in 

bodyweight from the last occasion they were measured in that study. Therefore, 

the bodyweight data from the current experiment ('Enrich Post-treat. ' in Figure 

3.39), and from the final measurement occasion in the previous experiment ('UHT 

Post-treat. 4' in Figure 3.39) were submitted to a repeated-measures GLM, with 

measurement phase as a within-subjects factor, and current treatment as a 

between-subjects factor. This found a significant main effect of measurement 

phase, and a significant interaction between current treatment and measurement 

phase, with current treatment non-significant (treatment: F114=0.069, p=0.796; 

measurement phase: F114=21.037, p<0.001; measurement phase Ireatment: 

F1,14=4.808, p=0.046). As Figure 3.39 indicates, bodyweight was overall higher 

during the current experiment, compared to when it was measured towards the end 

of the previous study, but the increase in the bodyweight of the enriched treatment 

group is greater than that of the unenriched treatment group. 
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Figure 3.39 The mean rat bodyweight, by treatment, during different measurement phases (+/- 
1 SEM). On the x-axis, 'Enrich Expt: Post-treat. ' refers to the rats' bodyweight as measured in the 
current (environmental enrichment) experiment, 27 days following a change in environmental 
enrichment. For reference, the bodyweight data from the previous (unpredictable-housing) 
experiment (see Figure 2.49) are also plotted (all with the prefix of 'UHT', on the x-axis). All the 
data are summarised by current treatment group (enriched or unenriched): i. e. the data from the 
unpredictable-housing experiment are grouped by future treatment assignment (in the 
unpredictable-housing experiment, the rats were in treatment groups specific to that study (UHT 
and control); these were counter-balanced across their later assignment to the enriched or 
unenriched groups). 

DISCUSSION 

In this experiment, two treatments were employed, each designed to induce a 

change in rats' affective state of diverging valence: the withdrawal of `enrichments' 

for the unenriched group was designed to induce a negative change in affect, 

whilst the provision of additional enrichments for the enriched group was designed 

to induce positive affective change. It was predicted that the former treatment 

group would be more likely to respond to probe stimuli (designed to be affectively- 

ambiguous) as if judging, or interpreting, them as being associated with the 

relatively poorer outcome of a smaller quantity of food; the latter, enriched group, 

on the other hand, were predicted to be more likely to respond to these stimuli as if 

222 

UHT Pre- UHT Post- UHT Post- UHT Post- UHT Post- Enrich Post- 
treat. treat. 1 treat. 2 treat. 3 treat. 4 treat. 

Measurement phase 



judging them to herald the better outcome of a larger quantity of food; i. e. the 

unenriched group were hypothesised to have a lower probability of pressing the '2- 

pellet' lever as a result of their treatment. We also predicted that the unenriched 

rats would be slower to press the '2-pellet' lever, and faster to press the lever 

associated with the relatively poorer outcome (i. e. the `1-pellet' lever), than the 

enriched group. 

Our experimental hypotheses were not supported by the results: compared to the 

enriched group, the unenriched group were significantly more likely to press the '2- 

pellet' lever in the second measurement phase (i. e. when tested soon following the 

removal of 'enrichments') than they were in the first measurement phase (i. e. 

before the treatment), in the single-frequency probe sessions. Furthermore, they 

were overall faster to press the `2-pellet' lever, and slower to press the '1-pellet' 

lever than the enriched group, with no indication that this pattern changed in a 

manner consistent with that predicted by the hypotheses as the treatment 

progressed. 

Elsewhere, the dual-frequency probe tests found no differences across treatment, 

nor did the progressive-ratio test of `food motivation', nor the sucrose preference 

test. The analysis of the bodyweight data, however, indicated that the enriched 

group gained a significantly larger amount of weight than the unenriched group, at 
least since the last time their weight was recorded (as found by Burman et al., 
2006, when they employed a similar treatment). To the extent that a change in 

bodyweight may be a very rough proxy of perceived stress (e. g. Broom & Johnson, 

1993), including across `environment enrichment' treatments (e. g. Young, 2003), 

this suggests the unenriched treatment may have been a relatively stressful 
intervention. This is perhaps not surprising: whilst the change in the `enrichment' 

provision for the enriched group was relatively subtle (to our eyes), the change in 

`enrichment' provision for the unenriched group seems relatively more substantial, 

with a loss of nesting material and shelter, which, among other things, may have 

otherwise provided respite from any aggressive interactions, as well as general 

comfort (including a potential buffer against temperature fluctuations), and cover 
from extraneous light (e. g. Morgan & Tromborg, 2007; Young, 2003). 
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So, this very brief summary of some of the key results leaves us in a position which 
bears some similarity to that encountered in the previous study: namely, a 
treatment designed to induce a negative affective state (with some, albeit tentative, 

evidence that it may have indeed been stressful) seems to have changed the rats' 
behaviour in a direction largely opposite to that predicted by our initial hypotheses. 

Rather than drawing our conclusions based on this relatively brief summary, 

though, it's worth first inspecting the broader picture: i. e. taking in elements of the 

rats' behaviour which fall outside the parameters our hypotheses suggest we 

initially inspect. 

For example, during the first measurement phase (i. e. before the treatment had 

begun), the enriched group had a relatively poor level of accuracy in the '1-pellet' 

reference trials in the single-frequency probe sessions; this substantially improved, 

however, as the treatment progressed, to a point where, in the final measurement 

phase, the enriched group had a level of accuracy on both types of reference trial 

higher than that of the unenriched treatment group (e. g. see Figure 3.16 and 
Figure 3.17)., As discussed in the last chapter, such an improvement in accuracy 

would; in general, be predicted if the treatment had indeed induced a more positive 

(or not induced a 'depressed') affective state. However, this pattern of change may 
have other consequences for how we interpret some of the other data from those 

probe sessions. 

For instance, as mentioned earlier, the multi-level analysis of lever choice which 

modelled responding to, all the probe values found that the enriched treatment 

group were less likely to press the -'2-pellet' lever in the second measurement 

phase, compared to the first measurement phase (e. g. see Figure 3.13). This 

closely fits with the improvement in their accuracy with regard to the reference 
trials across these two phases, since this, overall improvement was mainly 

achieved through the reduction of errors in the '1-pellet' reference trials, (i. e. by 

reducing the rate the '2-pellet', lever was erroneously pressed). 

It is notable, then, that in'the final measurement phase, their level of accuracy 

when presented with the reference tones in the single-frequency probe sessions is 

even greater, with even fewer mistakes occurring in response to those reference 
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tones associated with one pellet of food, whereas their probability of pressing the 

'2-pellet' lever when presented with all the probe values, does not continue it's 

decline. Therefore, the enriched group's general performance in the task (to the 

extent that 'successful' performance of the task may be considered as maximising 

the rate of food return) improves as the treatment progresses, with increasingly 

less bias in the errors that they make when presented with the reference tones, yet 

their response to the more ambiguous probe values is relatively more 'optimistic' 

than this improvement in reference trial accuracy (and decline in bias) would, by 

itself, predict. 

So, if we look at the data in a little more detail, it may be that our initial impression 

of the enriched group's more 'pessimistic-style' of responding early in the treatment 

phase reflected an improvement in their general effectiveness - i. e. their general 

accuracy - and they develop an optimistic bias in their responding to putative 

ambiguity despite the persistent improvement in this accuracy. Of course, this is a 

fairly tentative conclusion, fairly tentatively drawn, and it would be useful, in future 

analyses, to factor in such changes in reference accuracy (e. g. to model them as 

covariates), but it nonetheless illustrates the possibility that the effect of the 

treatment on the rats' responding in the operant tasks may be more complex, and 

subtle, than is first apparent, and may not, in fact, contradict our initial predictions. 

Otherwise, as in the previous experiment, there is some evidence that the rats are 
still sensitive to the differential consequences of their actions: for example, there is 

a general, pervasive bias towards pressing the 2-pellet lever in the training 

sessions conducted in both the first, and final, measurement phases (e. g. see 
Figure 3.3 and Figure 3.4). This is somewhat reassuring, especially given the 
increasingly extensive experience the rats have with the operant tasks in question, 

experience which could, potentially, render their responding as more habitual, and 
less goal-driven (e. g. Balleine & Dickinson, 1998; Dickinson & Balleine, 1995; 
Dickinson et al., 1995; Phillips & Barr, 1997). 

Before concluding our discussion, it's worth highlighting some interesting patterns 
which persist from the previous experiment. For example, the 2kHz=2pe11 

contingency group are still relatively more 'pessimistic' in their lever choice, the 
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effect of contingency across probe value remains fairly similar (e. g. see Figure 

3.12), and there is an overall higher probability of pressing the '2-pellet' lever in the 

earlier measurement phases. In addition, the effect of the unpredictable housing 

treatment which we uncovered in the previous study seems to persist: the UHT 

prior treatment group are faster to record a response in the single-frequency probe 

sessions, appear to be more accurate and discriminating across probe value (e. g. 

see Figure 3.15), and are generally more 'optimistic' (i. e. more likely to press the 

'2-pellet' lever) than the rats previously in the Control group in that experiment. 
Interestingly, many of these differences attenuate slightly as the experiment 

progresses, perhaps as the effects of the prior treatment diminish (e. g. see Figure 

3.14 and Figure 3.28). 

In the next chapter we conduct our final experiment employing this particular 
paradigm (i. e. a 2-choice, operant discrimination task), investigating the effect of 
food motivation on rats' responses to ambiguity, as manipulated by a pre-feeding 
treatment. 

_ ..: ,. _. 
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CHAPTER 4 

THE EFFECTS OF PRE-FEEDING ON JUDGEMENTS OF 

AMBIGUITY IN RATS 

INTRODUCTION 

In Chapter 2, we discussed the possibility that certain treatments designed to 

induce a change in affective state, such as those employed in the previous two 

studies, may be correlated with, or manifested in, changes in a range of biological 

systems, including, for example changes in `food motivation', hunger, and so on. 
We noted that the design employed by Harding et al (2004) may have been 

especially vulnerable to changes in the utility of the unconditional stimuli (e. g. how 

much subjects value access to them, or seek to avoid them, etc. ), since those 

stimuli differed qualitatively (one food pellet vs. delivery of white noise). However, 

designs such as the one employed in the previous two studies (which used 
differing quantities of food as the unconditional stimuli) and elsewhere (e. g. 
Matheson et al., 2008, who used differing delays prior to food delivery), in which 
the unconditional stimuli differ quantitatively, may still be vulnerable to such 

confounds: for example, it is possible that a subject more 'motivated' to gain food 

might bias their behaviour in a manner in keeping with an `optimistic' style of 

responding. 

Here we explore this possibility by attempting to manipulate rats' level of 'food 

motivation' using a pre-feeding treatment (e. g. Babb & Crystal, 2006; Bizarro & 
Stolerman, 2003; Jones et al., 1990) in which subjects are given access to a fixed 

quantity of food (the same type of food they routinely receive as reinforcement in 

their operant sessions, but have rarely received outside the operant chamber136) 
before half of their probe test sessions; their remaining test sessions are 
administered as before: i. e. without any such pre-feeding. 

136 The only occasion the rats have received this food outside the operant chamber is the Time taken to eat 50 pellets of 
food'test we employed in Chapter 2. 

CHAPTER 4 The Effects of Pre-Feeding on Judgements of Ambiguity in Rats 

227 



CHAPTER 4 The Effects of Pre-Feeding on Judgements of Ambiguity in Rats 

By testing the effects of a treatment designed to change rats' motivational state on 
their responses in the probe testing sessions, we may also gain some insight into 

what the rats 'know' about the operant task. As noted in the preceding two 

chapters, it is important, for the purposes of our hypotheses, that the experimental 

subjects have some operational knowledge of the consequences of their actions in 

the tasks we have employed; more specifically, that they have knowledge that the 

consequences of responding correctly to one reference stimulus (e. g. 2kHz) are 
different from the consequences of responding correctly to the other reference 

stimulus (4kHz, in this instance). For example, if we find, in the current 

experiment, that our pre-feeding treatment has no effect on the rats' behaviour in 

the probe tests, there are some grounds for concluding that their responding in 

those tasks has become relatively 'habitual': i. e. less goal-driven (e. g. Dickinson et 

al.,, 1995). Alternatively, if the pre-feeding treatment increases the rats' response 
latency, (e. g. Bizarro & Stolerman, 2003), and/or decreases their accuracy, in a 
manner insensitive to the differing quantities of food the reference trials (i. e. those 
in which 2kHz and 4kHz tones are presented) deliver, we would have some 

grounds for concluding that the animals 'know' that the task is associated with the 

receipt of food per se, but that the varying quantities of that food reward are 

conceptually,, undifferentiated. Alternatively, if we find that such changes in 

responding .z occur . with a degree of asymmetry with regard to prospective 

reinforcement magnitude, then depending on the nature of that asymmetry,, we 
might surmise that the rats do, in fact, have differentiated 'knowledge', of the 

consequences of engaging in the task, a condition which is central to the veracity 
of the hypotheses we have adopted in the previous two experiments. 

To enable us to make 'a more informed decision when selecting an appropriate 

quantity of food to present to the rats in the pre-feeding treatment137, we conducted 
brief pilot tests (not reported) employing a different set of subjects; however, to 

gain some additional information, regarding the, quantity of 'operant food' the 

experimental subjects in the present study would consume if given free access 
over a period of time, roughly equal to the probe test sessions, we gave the rats a 

137 e. g. so that we were not feeding them with a quantity that was so large it risked the possibility that they wouldn't engage 
in the subsequent operant task at all, yet was large enough to have an appreciable effect on their'food motivation'. 
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series of 'free-feeding' sessions at the end of the present study (i. e. once the 

probe-testing was complete), in which they were presented with ad libitum 

quantities of the food pellets. 

METHOD 

Overview 

See Figure 4.1 for a summary of the experimental schedule. 

Subjects and housing 

The experimental subjects were 15 male Lister hooded rats (Rattus norvegicus; 

Harlan UK Ltd., Bicester, UK); they were previously used as subjects in the studies 

described in Chapters 2 and 3, and by the time operant training in the current 

experiment commenced, six weeks had passed since the termination of the 

(enrichment) treatment employed in the previous experiment. Since one rat (in the 

4kHz=2pell contingency group) was euthanised at the end of the last study 
(Chapter 3), there was one less subject in the current experiment. 

The rats were housed in stable pairs, in cages measuring 56cm (L) x 34cm (W) x 
19cm (H), with a 12: 12 hour lights on: off cycle (lights off at 9am). Their 

homecages were cleaned on the same morning each week, and contained 

sawdust bedding (Lignocel), shredded paper for nesting, a red Perspex shelter 
(Lilico, UK) and a chew block. They were provided with ad libitum access to food 

(Eurodent Diet 22%) and water. 

The rats were checked daily for health throughout the experiment. 
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Bodyweights 

Some rats had alternating pattern 1... 
.............................................................................................................. 

pre-fed 

not pre-fed 

pre-fed 

not pre-fed 

pre-fed 

not pre-fed 

Training (3 days) 

Single-frequency probe testing (1 day) 

Single-frequency probe testing (1 day) 

Single-frequency probe testing (1 day) 

Single-frequency probe testing (1 day) 

Single-frequency probe testing (1 day) 

Single-frequency probe testing (1 day) 

Bodyweights 

Free-feeding test 

Some rats had alternating pattern 2.. 
............................................................................................................. 

not pre-fed 

pre-fed 

not pre-fed 

pre-fed 

not pre-fed 

pre-fed 

Figure 4.1 Summary of the experimental schedule. 
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Two-choice operant discrimination training & testing 

Two-choice operant discrimination training, with differential reinforcement 

The rats received one session of training per day, on the three consecutive days 

immediately prior to the first probe-testing session. The design of these training 

sessions was exactly the same as that described on p. 59. 

Single-frequency probe testing 

The rats received one session of single-frequency probe-testing per day, over six 

consecutive days. The design of the single-frequency probe test sessions was 

exactly the same as that described on p. 61. 

Pre-feeding treatment 

Before three of their six single-frequency probe test sessions, each rat was pre-fed 

2g of the `operant food' (i. e. Bioserv (Frenchtown, NJ, USA) Dustless Precision 

Pellets (45mg)) (pre-fed treatment); otherwise, they were not pre-fed these pellets 

prior to their single-frequency probe test sessions (not pre-fed treatment). For 

each rat, assignment to the pre-fed and not pre-fed treatments alternated daily 

over the six single-frequency probe test sessions, with the alternating order 

counterbalanced as far as possible with respect to prior experimental grouping; 

seven rats were first pre-fed prior to their first probe test session, whilst eight rats 

were first pre-fed prior to their second probe test session. 

Prior to each single-frequency probe test session, each rat was placed, alone, in a 
holding cage, with ad libitum access to water and their usual lab chow (Eurodent 

Diet 22%). In the pre-fed treatment, a small brown bowl containing 2g of food 

pellets was placed centrally in the holding cage, and left for ten minutes, after 

which the rat was taken from the holding cage, and placed in the operant chamber 
(in a different experimental room) for the start of its probe testing session. The 

protocol for the not pre-fed treatment was exactly the same, except that the bowl of 
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food pellets was not placed in the cage; i. e. the rat simply remained in the holding 

cage for ten minutes prior to its probe test session. 

During the pre-feeding treatment, all the rats ate the 2g of food pellets presented to 

them before their subsequent probe-testing session, bar one rat who left one pellet 

on one occasion (in his final pre-fed session). 

Concurrent tests 

All concurrent tests took place during the dark phase of the rats' lighting schedule. 

Bodyweight 

The rats were weighed, in counterbalanced order, the day before the six single- 

frequency probe tests began, and on each day of the free-feeding tests (and thus 

after the probe-testing had finished), before the free-feeding measurements began. 

Free-feeding test 

Each rat was placed in a test cage, with ad libitum access to water. A small brown 

bowl containing 20g of the `operant food' (i. e. Bioserv (Frenchtown, NJ, USA) 

Dustless Precision Pellets (45mg)) was placed centrally in the cage138, and left for 

one hour, after which the rat was returned to its homecage, and the weight of the 

food pellets was taken. 

Each rat was tested once 'a day, over three consecutive days, ten days following 

the last single-frequency probe testing session. Each rat was tested separately, 

with cagemates tested simultaneously; order of testing was counterbalanced as far 

as possible with respect to previous experimental group assignment. 

138 Otherwise, the cage contained no food. 
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Data analysis 

As in the last two chapters, we analysed the lever choice and latency data from the 

single-frequency probe sessions in multilevel models, using MLwiN. In Chapter 2 

we introduced our analytical procedures in some detail, and rather than repeat that 

information, we will follow the format of the last chapter, and only present our main 

findings. The significance tests, the estimation procedures, and the basics of 

model specification (i. e. selection of response (y) variables, centering of continuous 

predictor (x) variables), remain the same as previously, as do our general model- 

fitting procedures. Once more, only non-reinforced trials, in which a lever press 

was recorded, are included in the analysis. 

RESULTS 

Ten of the rats completed all the trials (i. e. were never 'timed-out') in the probe test 

sessions which followed the not pre-fed treatment, whilst the same was true of 

eight of the rats following the pre-fed treatment. Averaging across subjects, the 

mean number of trials completed in the not pre-fed treatment was 151 (SEM: 2.64), 

whilst the mean number of trials completed in the pre-fed treatment was 142 (SEM: 

6.09). 139 

Single-frequency test sessions: lever choice 

Figure 4.2 and Figure 4.3 chart the mean percentage of presses on the lever 

associated with 2 pellets of food (as opposed to the lever associated with 1 pellet 

of food) across kHz, by pre-feeding treatment for the 2kHz=2pell and 4kHz=2pe11 

contingency groups, respectively. 

19 Note, the maximum number of possible trials in a session (i. e. when it was not'timed-out) was 156. 
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Figure 4.2 2kHz=2pell. The mean percentage of lever presses made on the '2-pellet' lever (as 
opposed to the '1-pellet' lever) for the 2kHz=2pell contingency group, by pre-feeding treatment, 
across kHz (+/- 1 SEM. N. B. the means and SEM are derived from data summarised at the subject- 
level; in addition, the data pertaining to the 'reference tones' (i. e. 2kHz and 4kHz) are taken from 
the non-reinforced trials only). 
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Figure 4.3 4kHz=2pell. As Figure 4.2, but for the 4kHz=2pe11 contingency group. 
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Multi-level multiple logistic regression in MLwiN 

The dataset was once more defined as having two hierarchical levels, with trial 

(n=7,565) at the lowest level of the hierarchy (Level 1), and subject (n=15) at the 

next, higher, level of the hierarchy (Level 2; i. e. trial was nested within subject). 

A 'random slope' model was again fitted, up to a cubic term for probe value140, with 

the intercept, and the linear and quadratic probe value terms, allowed to vary at the 

subject-level. As Table 4.1 illustrates, this process revealed a significant difference 

between subjects both in the overall probability of pressing the '2-pellet' lever, and 

in the probability of lever choice across probe value. There was also a significant 

fixed (overall) effect of probe value, indicating that the polynomial model was a 

good fit to the data, and that there was a significantly greater probability of pressing 

the `2-pellet' lever as the linear probe value term increased: i. e. as it approached 

the end of the scale where the `2-pellet' reference tone is located. 

The categorical predictor variables of main interest (contingency, current (pre- 

feeding) treatment, prior (enrichment / unpredictable housing) treatment), were 

then systematically added to the model as fixed effects. 

As Table 2.7 shows, Contingency, as a main effect141, was not a significant term, 

but the two-way interactions between contingency and probe value were, indicating 

that the probability of pressing the 2-pellet lever across the standardised scale of 

probe value differed between the two contingency groups. 

140 We used the standardised scale of probe value, as described on p. 71 

141 The 2kHz=2pell group was the reference category, assigned a value of '0', whilst the 4kHz=2pell group was assigned a 
value of '1'. 
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Parameter Coefficient Wald (X) Df P 
estimate (with SE) 

Intercept Random at 0.168 (0.064) 6.829 1 0.009 ** 
subject level 

Probe value Random at 
subject level 

0.647 (0.263) 6.044 1 0.014 

Fixed 2.492 (0.219) 129.442 1 <0.001 *" 

Probe value Random at 
subject level 

0.697 (0.282) 6.098 1 0.014 * 

Fixed 4.639 (0.263) 310.289 1 <0.001 

(Probe value) Random at 
subject level 

0.957 (0.471) 4.121 1 0.042 

Fixed -0.698 (0.294) 5.657 1 0.017 

(Probe value) Fixed -5.926 (0.366) 261.443 1 <0.001 ** 

Table 4.1 The coefficient estimates, with standard error, together with Wald test statistics and their 
significance, of fixed and random parts of various models fitted in gradual increments up to a 
polynomial 'random slope' model (as specified in Equation 0.92, in the Appendix). 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Contingency Fixed 0.170 (0.198) 0.738 1 0.390 

Contingency*Probe value Fixed -1.994 (0.504) 15.632 1 <0.001 

Contingency*(Probe Fixed -1.341 (0.517) 6.729 1 <0.009 ** 
value) 2 

Contingency*(Probe Fixed 4 034 (0 800) 25 403 1 <0 001 ** 
value) 3 . . . . 

Table 4.2 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (from the model specified in Equation 0.93, 
in the Appendix). 
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As Table 4.3 indicates, treatment did not have a significant main effect142, 
indicating there was no overall difference in the probability of pressing the `2-pellet' 

lever depending on whether subjects were pre-fed or not prior to their test session. 
When two-way interactions of treatment with the probe value terms were added, 
however, the interaction with the linear probe value term was highly significant, 

whilst the interaction of treatment with the cubic probe value term bordered 

significance at the 0.05 level. The valence of the coefficient of the linear probe 

value term indicates that the overall linear trend is less positive (i. e. less steep) for 

the rats in the pre-fed treatment group (e. g. p. 65, Aiken & West, 1991); this is 

illustrated in Figure 4.4, which plots the predicted effect of pre-feeding on lever 

choice, across probe value, contrasted against the not pre-fed treatment, which is 

held constant at a probability of 0.5. 

Otherwise, a two-way interaction between treatment and contingency was not a 
significant addition to the model, nor were three-way interactions between 

treatment, contingency and probe value. 

Parameter Coefficient Wald Df P 
estimate (with SE) (x2) 

Treatment Fixed -0.090 (0.055) 2.684 1 0.101 

Treatment`Probe value Fixed -0.918 (0.278) 10.901 1 <0.001 

Treatment*(Probe value) Fixed 0.141 (0.278) 0.256 1 0.613 

Treatment*(Probe value) Fixed 1.210 (0.620) 3.806 1 0.051 

Table 4.3 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (from the model specified in Equation 0.94, 
in the Appendix). 

142 The Not pre-fed treatment group was the reference category, assigned a value of '0', whilst the Pro-fed treatment group 
was assigned a value of '1'. 
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Figure 4.4 The predicted effect of the pre-feeding on the probability of pressing the '2-pellet' lever, 
across probe value (a standardised scale, with '1' corresponding to the reference stimulus 
associated with 1 pellet of food, and '2' corresponding to the reference stimulus associated with 2 
pellets of food. Prediction equation derived from the model specified in Equation 0.94). Here, the 
pre-fed treatment group is compared against the reference category of the Not pre-fed group, which 
has a probability held constant at 0.5. 

The prior treatment terms were then systematically added to the model. Firstly, the 

treatment group the rats were assigned to in the first experiment in which they 

were subjects (described in Chapter 2) was added to the model as a main effect 143 

As Table 4.4 indicates, this term was not a significant addition to the model, and 

nor were the various interactions we explored with probe value, pre-feeding, and 

contingency (values not reported). 

In contrast, as Table 4.4 also shows, the other prior treatment term, namely that 

pertaining to treatment assignment in the environmental enrichment study (see 
1 Chapter 3), did have a significant main effect44, indicating that those rats 

previously in the enriched treatment group had a higher probability of pressing the 

143 The Control group were the reference category, assigned a value of '0', whilst the unpredictable housing treatment (UHT) 
group was assigned a value of '1'. 

14" The non-enriched treatment group were the reference category, assigned a value of '0', whilst the enriched treatment 
group was assigned a value of '1'. 
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lever associated with 2 pellets of food, compared to those rats previously in the 

non-enriched group. Otherwise, various interactions of enrichment treatment 

group with probe value, pre-feeding, contingency, and unpredictable-housing 

treatment group were explored, in a variety of models, but all were non-significant 

(values not reported). 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Unpredictable-housing Fixed 0.159 (0.197) 0.652 1 0.419 
treatment group 

* Enrichment treatment Fixed 0.437 (0.168) 6.794 1 0.009 * 
group FLI 

Table 4.4 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (from the models specified in Equation 0.95 

and Equation 0.96, in the Appendix). 

Finally, a few other terms of interest were investigated in the model. As Table 4.5 

indicates, counterbalanced pre-feeding group145 did not have a significant main 

effect, nor did the mean weight of food pellets eaten during the later free-feeding 

sessions; however, session number (i. e. 1 to 6), had a highly-significant main 

effect, revealing a significantly lower probability of pressing the lever associated 

with 2 pellets of food as session number progressed: i. e. the rats were more likely, 

overall, to press the `1-pellet' lever, in the later sessions. It's worth noting that even 

though the alternation of the pre-feeding treatment across the six sessions was 

counterbalanced as far as possible, there was a loss of orthogonality in the 

experimental design due to the odd number of subjects (n=15), therefore more of 

the pre-fed sessions appeared later than the non-pre-fed sessions; however, since 

pre-feeding did not exert a significant main effect on lever choice, it seems unlikely 

this is responsible for the significant main effect of session number. Furthermore, 

as Table 4.5 indicates, the latency to record a lever response was not a significant 

main effect, indicating there was no overall difference in latency depending on 

145 As outlined in the Method section, for each subject, the test sessions before which they were pre-fed alternated with those 
before which they were not pre-fed, so that each subject had three alternating sessions of each, once a day, across six days. 
This alternating order was counterbalanced, as far as possible, with respect to whether the rats were pre-fed in their first test 
session, or not. 
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which of the two levers were pressed. Of course, latency may be an important 

factor in other respects, and we explore this further when we model it as the 

response (y) variable, below. 

Finally, whilst bodyweight (as measured the day before probe-testing began), as a 

main effect, was significant, indicating that heavier rats were overall more likely to 

press the '2-pellet' lever (Wald=9.559,1 d. f., p=0.002), the size of the regression 

coefficient was very small (coefficient estimate (SE) = 0.006 (0.002)). Since the 

bodyweight variable was actually measured in quite small units (grammes, rather 
than kilogrammes, for example) the size of the coefficient estimate suggests the 

effect was unlikely to be of much biological interest (e. g. Nakagawa & Cuthill, 

2007). A similar situation was encountered when adding an interaction of 
bodyweight with probe value: the interaction featuring the linear probe value term 

was significant (Wald=6.392,1 d. f., p=0.01 1; the interaction with the other probe 

value terms was not significant) indicating that the resulting response curve was 
less steep for heavier rats (i. e. they were less discriminating across probe value),, 
but the coefficient estimate was again relatively small (-0.012 (0.005)). Otherwise, 

there were no. significant interactions between bodyweight and pre-feeding 
treatment, either when probe value was included in the interaction term, or, not, 
indicating that heavier rats were not more, or less, likely to be effected by the pre- 
feeding treatment with regard to their lever choice. 

Table 0.6 and Figure 0.51, in the-Appendix, present the results of a Hosmer-, 
Lemeshow goodness-of-fit test for the final fitted model, which proved satisfactory. 
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Parameter Coefficient Wald Of P 
estimate (with SE) (X2) 

Pre-feeding Fixed 0.251 (0.156) 2.599 1 0.107 

counterbalanced group 

Mean weight food pellets Fixed -0.027 (0.049) 0.298 1 0.585 
eaten in 1 hour free-feed 

Session number Fixed -0.064 (0.016) 15.199 1 <0.001 *" 

Latency Fixed -0.002 (0.002) 1.780 1 0.182 

Table 4.5 The coefficient estimates, with standard error, of selected fixed parts of the model, 
together with Wald test statistics and their significance (the values relating to Session number are 
derived from the model specified in Equation 0.97, whilst all other terms are derived from the model 
specified in Equation 0.96, with the addition of that particular term; all in the Appendix). 

Reference trial accuracy 

For each subject, the mean percentage of 'correct' responses in all the reference 
trials (i. e. reinforced or not - therefore modelling a larger number of such trials) in 

the single-frequency probe sessions was pooled within each treatment, and 

submitted to exploratory analyses, using separate repeated-measures GLMs for 

each trial type (i. e. all reference trials, '1-pellet' reference trials, '2-pellet' reference 
trials), with treatment as a within-subjects factor, and contingency as a between- 

subjects factor. These found a significant main effect of treatment when modelling 

all reference trials, and also when modelling just the '2-pellet' reference trials; all 

other main effects and interactions were non-significant (all reference trials - 
treatment. F1,13=4.906, p=0.045; contingency: F1,13=3.133, p=0.1; 
treatment*contingency. F1,13=0.807, p=0.385; '2-pellet' reference trials (square- 

transformed) - treatment: F1,13=4.763, p=0.048; contingency: Fi, 13=2.025, p=0.178; 
treatment*contingency. F1,13=0.472, p=0.504; '1-pellet' reference trials - treatment: 

Fi, 13=3.125, p=0.101; contingency: F1 
, 13=2.007, p=0.180; treatment*contingency. 

Fl, 13=0.597, p=0.453). Figure 4.5 plots this data, illustrating that when in the pre- 
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fed treatment, the rats were, on average, less accurate when presented with the 

reference tones. 
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Figure 4.5 The mean percentage of 'correct' responses in the reference trials (i. e. those in which 
2kHz or 4kHz were presented, including both reinforced, and non-reinforced trials) in the single- 
frequency probe sessions, summarised by trial type (i. e. those tones associated with one pellet of 
food; those associated with two pellets of food; and all reference trials combined) across treatment 
(+/- 1SEM). 

For reference, Figure 4.6 and Figure 4.7 plot the change in reference trial accuracy 

as each single-frequency probe session progressed, averaged across all reference 
trials (Figure 4.6), and averaged across each type of reference trial (Figure 4.7)146, 

respectively. Figure 4.6 indicates that the advantage in overall reference trial 

accuracy the above analyses revealed for the not pre-fed group is especially 

apparent in the first half of the probe-testing sessions, after which the overall 

accuracy of the two treatment groups becomes more similar, as the session 

progresses. Otherwise, it also reveals, for both groups, an initial improvement in 

accuracy over the first few trials of the session. 

146 We plot these on different charts so that the resulting plots are a little clearer. 
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Figure 4.6 The mean percentage of `correct' responses in the reference trials (i. e. those in which 
2kHz or 4kHz were presented, including both reinforced, and non-reinforced trials) in the single- 
frequency probe sessions, across treatment (+1- 1SEM). The data are grouped into bins, each of 
which refers to the order in which those specific trials occurred within that session (so, bin 0-5, for 
example, refers to the first five reference trials in which 2kHz was presented, and the first five 
reference trials in which 4kHz was presented; i. e. the bin refers to ten trials). Each datapoint is only 
summarised from those rats for whom 20 or more responses were recorded in that particular bin; 
since some rats were `timed-out' before completing all the scheduled trials, not all completed the 
maximum of 30 reference trials in each bin (i. e. 10 trials x3 sessions for each subject in each 
treatment). 

Figure 4.7 reveals that, for both treatment groups, an initial bias towards greater 

accuracy with regard to the `2-pellet' reference trials at the start of the probe-testing 

sessions attenuates (e. g. in trials 21-25), but then appears to be somewhat re- 

established towards the end of each session; this attenuation occurs a little earlier 
for the pre-fed rats (i. e. between trials 11-15 & trials 16-20) than for those not pre- 

fed (i. e. between trials 16-20 & 21-25). In the first phase of this `2-pellet' bias (i. e. 

up until around trials 21-25), the non pre-fed group appear to have overall better 

accuracy (as indicated in Figure 4.6), but this seems less the case in the second 

phase of '2-pellet' trial bias, towards the end of the session (i. e. from trials 26-30 

onwards). 
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Figure 4.7 The mean percentage of 'correct' responses in the reference trials (i. e. those in which 
2kHz or 4kHz were presented, including both reinforced, and non-reinforced trials) in the single- 
frequency probe sessions, across treatment, summarised by trial type (i. e. whether that particular 
tone was associated with one, or two, pellets of food; +/- 1 SEM). The data are grouped into bins, 
each of which refers to the order in which those specific trials occurred within that session. Each 
datapoint is only summarised from those rats for whom 10 or more responses were recorded in that 
particular bin; since some rats were 'timed-out' before completing all the scheduled trials, not all 
completed the maximum of 15 reference trials, of each trial type, in each bin. 

Note: we also conducted some exploratory analyses on the latency to respond to 

the reference trials (specifically) in the single-frequency probe sessions; these are 

presented at the end of the following section. 

Single-frequency test sessions: latency 

Figure 4.8 and Figure 4.9 plot the mean latency to press the lever associated with 
2 pellets of food by pre-feeding treatment, across kHz, for the 2kHz=2pell and 
4kHz=2pell contingency groups, respectively, whilst Figure 4.10 and Figure 4.11 

plot the mean latency to press the lever associated with 1 pellet of food by pre- 
feeding treatment, across kHz, for the 2kHz=2pell and 4kHz=2pell contingency 

groups, respectively. 
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Figure 4.8 `2-pellet' lever latency: 2kHz=2pe11. The mean latency, in seconds, for the 
2kHz=2pell contingency group to press the lever associated with 2 pellets of food, by pre-feeding 
treatment group, across kHz (+/- 1 SEM. N. B. the means and SEM are derived from data 
summarised at the subject-level (note: if, in one of the measurement phases, a subject never 
pressed this particular lever followinýq one of the kHz tones, that subject did not contribute to the 
corresponding summary datapoint ); in addition, the data pertaining to the 'reference tones' (i. e. 
2kHz and 4kHz) are taken from the non-reinforced trials only). Note the scale on the y-axis, which 
differs from the equivalent charts in the last two chapters. 

147 An alternative would have been to enter a maximum 'timed-out' latency, but since each trial terminated following a lever 
press (rather than being timed-out), it is not clear what value any such maximum latency would take. 
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Figure 4.9 '2-pellet' lever latency: 4kHz=2pel1. As Figure 4.8, but for the 4kHz=2pell contingency 
group. 

50 

45 

40 

35- 

30- 

25- 

m 20 

15- 

10- t 

c 

fj 

t Not pre-fed 

L  Pre-fed 

fII 

0 

i 

ý DTI I I 

1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 
kHz 

Figure 4.10 '1-pellet' lever latency: 2kHz=2pell. As Figure 4.8, but for presses made on the '1- 
pellet' lever. 
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Figure 4.11 '1-pellet' lever latency: 4kHz=2pell. As Figure 4.10, but for the 4kHz=2pell 
contingency group. 

Multi-level general linear model in MLwiN 

As in the equivalent analysis in the last chapter, in order to better meet the 

assumptions of the model, we employed a negative reciprocal root transformation 

having first rounded the data into slightly larger `bins' of 0.1 seconds, with a 

minimum latency of 0.2 seconds. See later for a further examination of whether 

the data met the assumptions of the model. 

The hierarchy of the dataset was defined in the same way as in the multilevel 

analysis of lever choice, above: i. e. with trial (n=7,565) at Level 1, nested within 

subject (n=15) at Level 2. 

The regression equation was once more refined, in increments, up to a random 

slope model, with the linear and quadratic probe value terms allowed to vary at the 

subject-level, and the cubic probe value term remaining fixed (Equation 0.98, in the 

Appendix). This process indicated the following: there was a highly-significant 
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amount of variation in latency between subjects (allowing the intercept term to 

randomly vary at subject-level, a log likelihood ratio test found: 11726.000 - 

10508.530 = 1217.47,1 d. f., p<0.001); the addition of the probe value terms as 

fixed effects significantly improved the fit of the model (10508.530 - 10183.210 = 

325.32,3 d. f., p<0.001), indicating the polynomial model fitted the data well, and 

that there was a shorter latency to record a lever response as the linear probe 

value scale increased in value (i. e. as it approached the end of the scale where the 

`2-pellet' reference stimulus was located); plus, there was a significant amount of 

subject-level variance in latency across probe value (allowing the linear and 

quadratic probe value terms to randomly vary across subject: 10183.210 - 
10098.300 = 84.91,5 d. f., p<0.001). The variance partition coefficients (VPC) we 

calculated from these relatively simple models indicated around 16 to 16.5%148 of 

the overall variance could be attributed between-subject variation. 

Whilst the valence of the coefficient of Lever choice149 (i. e. whether the lever 

associated with 2 pellets of food was pressed or not), suggested subjects were 

overall quicker to press the `2-pellet' lever, it did not have a significant main effect 

in the model (10098.300 - 10094.940 = 3.36,1 d. f., p=0.067), as indicated when 

latency was introduced as a predictor (x) variable in the multilevel analysis of lever 

choice, above. However, the addition of lever choice*probe value interaction terms 

did substantially improve the model's fit to the data (10094.940 - 9409.253 = 
903.58,3 d. f., p<0.001; Equation 0.99, in the Appendix), indicating that the latency 

to press each lever differed across probe value, as Figure 4.12 clearly indicates. 

,. ý 

148 Calculated first without, and then with, the probe value terms, respectively. These values are slightly lower than those 
calculated in the equivalent analysis in the last chapter (we found 17%, and 17.5%, respectively, in that analysis), which in 
turn, were slightly lower that those calculated in Chapter 2: 17.4% and 18%). 

149 A press on the '1-pellet' lever was assigned the reference category, with a value of '0', whilst a press on the '2-pellet' lever 
was assigned a value of '1'. 
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Figure 4.12 The predicted probability of each type of response (green = presses on the '2-pellet' 
lever; blue = presses on the '1-pellet' lever), across probe value (these predictions were generated 
from the model specified in Equation 0.99, in the Appendix). 

As in the equivalent analysis in the last chapter, Contingency was not a significant 

main effect150 (9409.253 - 9409.222 = 0.031,1 d. f., p=0.860), but fitting 

contingency up to a three-way interaction with lever choice and probe value, did 

improve the fit of the model, and so these terms remained (9369.465 - 9330.703 = 

38.762,3 d. f., p<0.001; Equation 0.100). 

The addition of pre-feeding treatment, as a main effect15', made a very significant 

improvement to the fit of the model (9330.703 - 9162.965 = 167.738,1 d. f., 

p<0.001; Equation 0.101, in the Appendix), indicating that when subjects had been 

pre-fed prior to their test session, they were considerably slower to make a lever 

press response. Interactions of pre-feeding treatment with probe value, lever 

choice and contingency were explored, in a variety of models; none of the 

interactions with probe value were significant, indicating there was no difference in 

150 The 2kHz=2pell contingency group was assigned the reference category, with a value of '0', whilst the 4kHz=2pell 
contingency group was assigned a value of '1'. 

15' No pre-feeding was assigned the reference category, with a value of '0', whilst the pre-fed treatment was assigned a 
value of '1'. 
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the pattern of latency across probe value, either when lever choice and 

contingency were taken into account, or not. However, the two-way interaction 

between pre-feeding treatment and contingency was significant (9162.965 - 
9152.180 = 10.785,1 d. f, p=0.001; Equation 0.102), and an inspection of the 

coefficients indicated that whilst the responses of both contingency groups were 

slower following pre-feeding, compared to no pre-feeding, the extent of this 

difference between the two treatment groups was greater for the 4kHz=2pell 

contingency group. The addition of the three-way interaction between both of 

these terms (pre-feeding and contingency) and lever choice also improved the. 

model (9152.180 - 9144.339 = 7.841,2 d. f., p=0.020; Equation 0.103), indicating 

that whilst pre-feeding slowed the lever press responses of both contingency 

groups, for the 2kHz=2pell group it slowed the '2-pellet' lever response more than 

the '1-pellet' lever responses, whilst the opposite was true for the 4kHz=2pe11 

group: i. e. for this group, pre-feeding had a larger effect on the latency to press the 

'1-pellet' lever, than the latency to press the `2-pellet' lever. 

As in the multilevel analysis of lever choice, described above, the prior treatment 

terms were then systematically added to the model. The addition of unpredictable- 

housing treatment group, as a main effect152, did not improve the fit of the model 

(9144.339 (Equation 0.103) - 9142.081 (Equation 0.104) = 2.258,1 d. f, p=0.133); 

however, when the effect of unpredictable-housing treatment group was allowed to 

vary across lever choice, with the addition of the relevant interaction, the fit of the 

model was substantially improved (9142.081 - 9117.638 = 24.443,1 d. f., p<0.001; 
Equation 0.105). An examination of the coefficients indicates that whilst subjects 

previously in the UHT group were faster than the Control group to record each type 

of lever response' (although this main effect was not significant, of course), the 

difference between the two prior treatment groups was greater for presses made 

on the `1-pellet' lever. Otherwise, a two-way interaction of unpredictable-housing 
treatment group with pre-feeding treatment, and a three-way interaction between 

these terms and lever choice, were explored, but these did not significantly 
improve the model's fit. 

152 The Control (predictable housing) group was assigned the reference category, with a value of '0, whilst the unpredictable 
housing treatment (UHT) group was assigned a value of '1'. 
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The addition of Enrichment treatment group (see Chapter 3), as a main effect153, 

did not improve the model's fit (9117.638 (Equation 0.105) - 9117.445 (Equation 

0.106 = 0.193,1 d. f, p=0.660), nor did the addition of interactions between this 

term and both lever. choice, and pre-feeding treatment. 

Finally, as in the multi-level analysis of lever choice, above, a few other terms of 

interest were added to the model. The addition of pre-feeding counterbalanced 

group (i. e. whether subjects were first pre-fed before their first test session, or 

before their second), as a main effect'-54, explained a significant amount of 

variance, indicating that those rats who were pre-fed before their first test session 

were overall slower to record a lever press response (9117.638 (Equation 0.105) - 

9111.855 (Equation 0.107) = 5.783,1 d. f., p=0.016). In addition, Session no. (i. e. I 

to 6) also exerted a significant main effect, 9111.855 (Equation 0.107) - 9094.042 

(Equation 0.108) = 17.813, p<0.001), revealing that lever press responses became 

slower as Session no. progressed. The mean weight of food pellets eaten in the 1- 

hour free-feeding test, when added as a main effect, did not improve the model 

(9094.042 - 9093.762 = 0.28,1 d. f., p=0.597). Similarly, the addition of 

bodyweight (as measured the day preceding the start of probe-testing) as a main 

effect did not explain a significant amount of the variance, and whilst its interaction 

with treatment did (9094.042 - 9072.504 = 21.538,2 d. f., p<0.001; indicating that 

heavier rats were faster to record a lever press response when not pre-fed, but 

latency to press respond was more similar across bodyweight when pre-fed), the 

size of the corresponding coefficient was, as we found in the analysis of lever 

choice, very small (0.001(0.000)) suggesting the effect was of relatively little 

biological interest. 

In the Appendix, Figure 0.52 and Figure 0.55, which plot the residuals from the 

final fitted model, indicate the assumptions of the model are reasonably well met. 

153 The Non-enriched treatment group was assigned the reference category, with a value of '0; whilst the Enriched treatment 
group was assigned a value of '1. 

'u First pre-fed prior to Session 2 was assigned the reference category, with a value of '0; whilst First pre-fed prior to 
Session I was assigned a value of '1'. 
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Finally, we briefly present the main findings from two subsidiary analyses, each of 

which only modelled the latency data from one type of response, namely presses 

on the '2-pellet' lever, and presses on the '1-pellet' lever, respectively. For the 

categorical predictor (x) variables, the choice of reference category remained the 

same as for the latency analysis of all the lever presses, above. 

Firstly, the analysis which modelled only those responses on the '2-pellet' lever 

(n=3,877) again found a highly significant main effect of pre-feeding treatment 

(4350.213 (Equation 0.109) - 4268.844 (Equation 0.110) = 81.369,1 d. f., 

p<0.001), with presses on the '2-pellet' lever considerably slower in sessions which 
followed pre-feeding, compared to those which did not. Otherwise, the interactions 

of pre-feeding treatment we explored featuring contingency, and probe value, did 

not significantly improve the model, nor did the most relevant main effects and 
interactions we investigated involving the prior treatment groups. 155 Again, the 

addition of bodyweight, as a main effect and in interactions, revealed the same 

pattern as above, with the (statistical) significance of the bodyweight*treatment 

interaction indicating that the difference in latency across bodyweight was greater 

when not pre-fed, but with the size of the corresponding coefficient again. very 

small. Otherwise, interactions of bodyweight with probe value, with or without 

treatment, were not significant. In the Appendix, Figure 0.56 and Figure 0.59, 

which plot , 
the residuals from the final fitted model, suggest the model's 

assumptions have been reasonably well met. 

Finally, the analysis which modelled only those presses made on the '1-pellet' lever 

(n=3,688) also found a highly-significant effect of pre-feeding treatment (4802.801 

(Equation 0.111) - 4722.406 (Equation 0.112) = 80.395,1 d. f., p<0.001), and a 
highly-significant two-way interaction between this term and contingency (4722.406 

(Equation 0.112)- 4708.717 (Equation 0.113) = 13.689,1 d. f., p<0.001), indicating 

that whilst the responses recorded on the `1-pellet' lever were slower following pre- 
feeding for both contingency groups, the difference between the two treatments 

155 Actually, pre-feeding'UHT'probe value was a significant term (p=0.017), but since the biological significance of this 
interaction is not especially clear, and it was only one significant term among many tested, it was not Included in further 
models. 
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was greater for the 4kHz=2pell group. Otherwise, the interactions of pre-feeding 

treatment we explored featuring probe value (with and without contingency in the 

interaction term), did not significantly improve the model, nor did the most relevant 

main effects and interactions we investigated involving the prior treatment groups. 
Finally, neither bodyweight, nor its interaction with treatment had a significant 

effect. In the Appendix, Figure 0.60 and Figure 0.63, which plot the residuals from 

the final fitted model, suggest the model's assumptions have been reasonably well 

met. 

Reference trial latency 

The (log-transformed)156 mean latency to record a lever press in each type of 

reference trial (i. e. for those associated with two pellets of food, and for those 

associated with one pellet of food) were submitted to exploratory analyses 

(separately, for each trial type), using repeated-measures GLMs, with accuracy 

(i. e. correct, or not) and treatment as within-subjects factors, and contingency as a 

between-subjects factor. Each of these analyses found a highly significant effect of 

accuracy, and a significant effect of treatment (for the analysis of the '2-pellet' 

reference tones, this was highly-significant); otherwise, the interaction between 

treatment and accuracy neared significance at the 0.05 level when modelling the 

'2-pellet' reference tones, but not when modelling the latency to respond to the '1- 

pellet' reference tones, and there were also some significant interactions featuring 

contingency (although we shan't dwell on these in this relatively brief, exploratory 

analysis) ('2-pellet' reference trials - treatment: F1,13=15.995, p=0.002; contingency: 
Fi, 13=1.068, p=0.320; treatment*contingenc)r F1,13=5.028, p=0.043; accuracy: 
Fl, 13=20.135, p=0.001; accuracy*contingency: F1,13=0.091, p=0.768; 

treatment*accuracy. F1,13=3.777, p=0.074; treatment*contingency*accuracy.. 

Fl, 13=0.011, p=0.919; '1-pellet' reference trials - treatment: F1,13=4.737, p=0.049; 

contingency: F1,13=1.590, p=0.229; treatment*contingency. F1,13=0.319, p=0.582; 

accuracy. F1,13=13.999, p=0.002; accuracy*contingency: F1113=5.699, p=0.033; 

156 NB Whilst both analyses satisfied formal tests of homogeneity of variance, some of the residuals failed formal tests of 
normality. - This was not readily remedied by any of the transformations we employed, at least not without compromising 
variance homogeneity (a more important condition to satisfy. e. g. Grafen & Hails, 2002), and so we present the best 
compromise. 
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treatment*accuracy: F1,13 0.988, p=0.338; treatment*contingency*accuracy: 

F1,13<0.001, p=0.986). Figure 4.13, which plots these data, summarised by 

treatment, trial type, and accuracy, confirmed our inspection of the estimated 

marginal means from these models: namely that the pre-fed group had a longer 

latency, both groups were quicker to record correct responses, and there was a 

non-significant trend for the pre-fed group to have an especially long latency when 

recording incorrect responses to the '2-pellet' reference tone. 
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Figure 4.13 The mean latency to press a lever in response to the reference trials (i. e. those in 
which 2kHz, or 4kHz, were presented, including both reinforced, and non-reinforced trials) in the 
single-frequency probe sessions, across treatment, summarised by trial type (i. e. amount of 
associated food reinforcement) and also accuracy (i. e. whether the 'correct' lever was pressed in 
response to that tone, or not) (+/-1SEM). 

Free-feeding test 

In the free-feeding test, the rats ate a mean average of 9.8 grammes of food pellets 

(SEM: 0.50; range 5.84g-13.62g). Figure 4.14 plots mean bodyweight (as 

measured each morning of the free-feeding tests) against mean weight of food 

eaten in the free-feeding tests, for each subject; these variables were not 

significantly correlated (r=-0.041, d. f. =13, p=0.884). Incidentally, in the operant 
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probe-testing sessions in the current experiment, the rats averaged, overall, 81.4% 

accuracy when presented with the reference trials. If they completed all trials in a 

session (i. e. were not 'timed-out'), then at this level of accuracy, they would receive 

approximately 3.6g of food pellets. 
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Figure 4.14 The mean weight of food eaten across the three free-feeding test sessions, plotted 
against mean bodyweight (as measured on the morning of each test session), for each subject. 

DISCUSSION 

In this experiment we varied the level of pre-feeding that rats received prior to two- 

choice operant discrimination probe tests in which a variety of ambiguous stimuli - 
variously differing from reference stimuli the rats had previously learnt were 

reinforced with two different quantities of food - were presented. Before half of 

these probe-test sessions, the rats were pre-fed with the same type of food they 

routinely received as reinforcement during their operant sessions (but had rarely 

received outside the operant chamber), whilst before the remaining sessions, the 

rats received no such pre-feeding; in both instances, the rats had normal, ad 
libitum access to their regular homecage `lab chow' prior to the operant tasks. 
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We found that the pre-feeding treatment had a significant effect on various aspects 

of the rats' behaviour in the probe test sessions. For example, whilst the pre- 

feeding treatment did not have an effect on overall lever choice (i. e. when the rats 

were pre-fed they were neither more, nor less, likely to press the lever associated 

with two pellets of food), it had a significant effect on their pattern of lever choice 

across probe value: the linear trend in the resulting response curve was less steep 

when the rats were pre-fed, indicating that they were less discriminating (i. e. less 

likely to respond 'correctly' when presented with the reference tones, or those 

probe stimuli near to them). 157 Furthermore, the size of this effect appeared to be 

larger around the '2-pellet' reference tone; this was apparent when modelling 

responses to all probe values (e. g. see Figure 4.4), and was also apparent when 

modelling just those responses to the reference stimuli (i. e. responses to the 2kHz 

and 4kHz tones; for example, there was a significant difference in accuracy across 

treatment when analysing just the '2-pellet' reference tones, but not when 

analysing just the `1-pellet' reference tones). 

With regard to latency, when pre-fed, the rats were overall slower to record a lever 

press response: this was found when modelling all probe values, and also when 

modelling only those responses to the reference stimuli. In the former analysis (i. e. 

of all probe values) this difference in latency across treatment did not interact with 

lever choice (i. e. the latency to press the '2-pellet' lever, for example, was ' not 

more, or less, affected by the pre-feeding treatment than the latency to press the 

'1-pellet' lever), although there was a suggestion of some asymmetry when 

modelling responses to the reference stimuli alone (the treatment slowed 

responding to; '2-pellet' reference tones by a level of greater statistical significance 
(p=0.002) than it slowed responding to `1-pellet' reference tones (p=0.049).,, 

Our findings suggest that - pre-feeding the rats had a general effect on their 

performance in the subsequent operant task in keeping with a decline in their'food 

motivation'; whilst it's possible that a satiated rat may change its performance in 

tasks in which food is not used as a 'reinforcer (e. g. perhaps satiation changes 

74' Somewhat similarly, Echevarria et al (2005) found that rats' accuracy in operant discrimination tasks, using water as the 
reinforcer, decreased If they were allowed pre-session access to water. 

256 



CHAPTER 4 The Effects of Pre-Feeding on Judgements of Ambiguity in Rats 

biological functioning in a variety of ways which aren't obviously food-specific), 

perhaps the most likely explanation of the change in the subjects' behaviour in this 

particular operant task is that they `know' what the consequences of their actions 

are: i. e. they 'know' that if they engage with the task, they may receive food 

reward. In addition, though, there is a tentative suggestion that they have a 

nuanced appreciation of these consequences: i. e. rather than an across-the-board 

effect on their behaviour in the operant tasks, the impact of pre-feeding is generally 

greater with respect to the '2-pellet' stimuli, and with respect to the `2-pellet' lever; 

this suggests that rather than simply conceiving the possible consequences of their 

actions to be the receipt of food per se, they have an appreciation that the 

magnitude of that food reward differs depending on the stimuli presented, and their 

response to those stimuli. 

Given that the rats, in both treatment groups, were not food-deprived before their 

operant sessions (i. e. they always had uninterrupted access to their standard 'lab 

chow'), and so all are 'sated' (insofar as they are not in any way food deprived), 

there are grounds for suggesting that the impact of the pre-feeding treatment on 
their behaviour in the probe-test sessions reveals that they have an appreciation of 
the qualitative difference between the food they receive in the operant chamber 

and their day-to-day fare; i. e. they have a food-type-specific satiety (e. g. Rolls, 

2005) which renders them less engaged in a task rewarded by that specific type of 
food. However, whilst this may be the case, and indeed such an effect has been 
found elsewhere (e. g. Dickinson et al., 1996), in this instance it's possible (perhaps 

fairly likely) that when the rats were pre-fed, they ate more (of any food type) than 
is usually the case in the period just prior to the probe test sessions158; if so, then 

they may be generally more sated in the pre-fed treatment, and therefore might be 

generally less engaged in tasks reinforced by any food type. 

Our overall findings have two important implications. Firstly, they suggest that the 

rats employed as subjects in the current experiment - and indeed as subjects in 

the previous two experiments, using the same, or similar, operant tasks - 'knew' 

As mentioned in the Results, they typically ate all the pellets (2g) presented to them in the ten minutes preceding the 
probe test session. 
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that their actions in the probe tests could (a) result in the receipt of food, and (b) 

result in the receipt of quantities of food which differ depending on the stimulus 

presented, and their response to it. Secondly, they imply that differences in 

motivational states pertaining to food - i. e. differences in hunger, 'food motivation', 

etc. - affect performance in operant tasks such as the one employed in this 

experiment. The veracity of the former conclusion is vital for the integrity of the 

experimental hypotheses tested in the previous two experiments (i. e. those 

described in Chapters 2 and 3), whilst the second conclusion alerts us to the 

possibility that an 'optimistic-style' of responding in tasks such as these may reflect 

a higher level of 'food motivation'. 159 These conclusions are, of course, two sides 

of the same coin: experimental designs such as these, which employ a two-choice 

task where one set of contingencies are associated with an outcome 'better than 

the other, rely on the fact that the subjects are 'aware' of this difference, but this 

same 'awareness' renders the experiment vulnerable to changes in how much the 

subjects value this difference. It may be that a different design, or different 

analyses, -could separate out such differences in utility, but in the current set of 

experiments, we'd be concerned if changes in 'food motivation' didn't change 

responding. 

Whilst the account given in the Results was only descriptive, the charts plotting the 

change in the rats' accuracy when presented with the reference tones as the 

probe-test sessions progressed (i. e. Figure 4.6 and Figure 4.7), suggested some 

interesting, patterns. There was a suggestion of two `phases' as the sessions 

progressed, each characterised by a bias towards greater accuracy when 

presented with the '2-pellet' reference tone, and separated at an approximate mid- 

way point by an attenuation of this net bias. Furthermore, the not pre-fed group 

appeared to be, overall, more accurate in 
. the first (i. e. earlier) 'phase', whilst the 

accuracy of the two treatment groups was more similar in the second (i. e. later) 

'phase'. Whilst the following account is speculative, it's nonetheless worth 
discussing the possible implications of within-session changes in responding, since 

159 It's worth noting that not all indices of operational 'optimism' were affected by pre-feeding: for example, when pre-fed, the 
rats were not overall more likely to press either lever; however, there was some asymmetry In responding across probe 
value (with regard to the magnitude of associated food reinforcement), which suggests the potential for such confounds Is 
real. _ 
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these may have implications for how we glean information, for experimental 
designs such as this, in support of hypotheses concerning 'cognitive bias', 

ambiguity, subjective probability and affect. It's possible that the first phase 

corresponded to a relatively engaged, food-motivated 'optimism': for example, the 

not pre-fed rats performed to a higher level than the pre-fed rats (with regard to 

overall accuracy) suggesting a role for 'food motivation' in the rats' behaviour, yet 
both groups still express an ('optimistic') bias towards pressing the '2-pellet' lever. 

Roughly mid-way through the session, perhaps due to an increase in the rats' level 

of satiety (since they will have been receiving food reinforcement earlier in the 

session), and/or due to fatigue, or a general waning of focused attention, this 

'optimistic' bias attenuates (earlier for the pre-fed rats, speculatively because they 

start the session closer to their satiation threshold), and is perhaps replaced by a 

relatively more inattentive 'default' or 'pre-potent' pattern of responding (you may 

recall we discussed the relationship between the deployment of attentional 

resources and the ability, or otherwise, to inhibit 'dominant' responses in the 

Discussion in Chapter 2: typically when attention is less focused on the task at 
hand, the ability to inhibit 'prepotent' or 'default' responses is compromised); there 

is little difference in overall accuracy between the two treatment groups (unlike in 

the first 'phase'), yet the '2-pellet' bias is re-established for both groups. This 

mooted possibility of a temporal change in 'default' responding, occurring earlier 

when pre-fed, gains some credence from the non-significant trend for rats to make 
incorrect responses when presented with the '2-pellet' reference tone later when 

pre-fed (e. g. see Figure 4.13); such long latencies tentatively suggest a higher 

degree of inattentiveness, and their direction (i. e. towards pressing the '2-pellet' 

lever) suggests a preponderance of 'dominant' responses in those circumstances. 
As mentioned above, clearly this is a speculative account, but it at least suggests 

that it might be worthwhile taking within-session changes into account when 

gauging the presence, or otherwise, of an 'optimistic' bias. 160 

160 Incidentally, as an aside. Figure 4.6 and Figure 4.7 indicated an initial Improvement In overall accuracy over the first few 
trials, perhaps as the subjects reacquainted themselves with the task, and made fine adjustments to their responding In the 
face of initial feedback (i. e. 'got their eye in', to use a metaphor from a different sensory faculty). 
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We also found that rats in the counterbalanced group pre-fed before their first 

probe session (as opposed to pre-fed before their second probe session), were 

overall slower (i. e. across all sessions: following pre-feeding or not) to record a 
lever press response. This somewhat suggests that the apparent devaluation 

effect evident in the probe tests which immediately followed pre-feeding may have 

pervaded subsequent test sessions as well, including those not prefaced with such 

pre-feeding. Such an effect may also be responsible for the overall slowing across 
Session number (i. e. the rats were generally slower to press a lever in the later 

sessions). - In addition, we found that subjects were overall less likely to press the 

'2-pellet' lever in later sessions (i. e. across Session number); this concurs 

somewhat with the previous two studies, which found that rats were less likely to 

press the '2-pellet' lever in the later measurement phases. It may be that rats are 
less likely to erroneously bias their responding towards the '2-pellet' lever as they 
become more discriminating as their experience becomes more extensive; this is a 
fairly speculative conclusion, although the level of individual variation (as measured 
by the " variance partition coefficient in relatively simple models) has gradually 
attenuated across the last three experiments, suggesting that the subjects, as a 
whole, are perhaps becoming more 'expert' as time goes on. - 

Interestingly, the significant interaction between contingency, pre-feeding treatment 

and lever choice indicated that the latency to press the lever associated with the 
4kHz tone differed more across treatment than the latency to press the lever 

associated with the 2kHz tone; i. e. whilst being pre-fed generally slowed the rats' 
responses, this was to a greater extent when the lever in question was associated 
with the 4kHz tone. In Chapter 2 we discussed the psychophysical properties of 
the probe stimuli we chose for our probe tests (i. e. values ranging from 1.6kHz - 
4.41-1z, in 200Hz intervals), noting that more of the probe values were likely to 

sound similar to the 4kHz tone than they were to the 2kHz tone. Therefore, it may 
be that any attentional disengagement from the task, which resulted from being 

pre-fed, would particularly compromise performance with regard to the 4kHz tone, 

since this reference tone was likely to have been harder to distinguish from probe 
values of similar Hertz frequency; i. e. a 'confident', and quick response when 
presented with the 4kHz stimulus may require greater attentional resources than a 
similarly 'confident' response when presented with the 2kHz tone. 
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Finally, as in the study described in the last chapter, some behavioural differences 

were found across prior treatment grouping, in a direction in keeping with those 

uncovered in earlier experiments. For example, rats previously in the enriched 

treatment (i. e. those rats who received additional 'enrichments' in the experiment 

outlined in Chapter 3) were significantly more likely to press the '2-pellet' lever in 

the current study, and indeed there was an overall non-significant trend in the 

same direction in the previous ('environmental enrichment') experiment, with the 

difference between the two treatment groups increasing towards the end of that 

study. It's conceivable that the differences observed in the present study reflect a 

persistent effect of the enrichment treatment, but it's also possible that it reflects 

individual differences which persist somewhat regardless of treatment (i. e. there 

was a trend for the enriched rats to be generally more likely to press the '2-pellet' 

lever in the previous study, both before, and during, the enrichment treatment). 

We also found some differences in performance between the rats who were 

previously in the unpredictable-housing treatment (UH7) in a prior study (i. e. that 

described in Chapter 2), and those who were previously in the Control group in that 

experiment. The differences in operant performance between those groups 

seemed to have steadily attenuated since that particular treatment ended: in the 

previous study (i. e. that described in Chapter 3) the UHT prior treatment group 

were significantly more likely to press the '2-pellet' lever, and were overall quicker 

to record a lever press response, as indeed they had been towards the end of the 

study in which the unpredictable housing treatment was originally applied, however 

the 'difference in lever choice across these prior treatment groups (i. e. the UHT and 
Control groups) attenuated over the course of the 'enrichment' study, whilst in the 

current experiment, there were no significant differences in lever choice at all; 

similarly, whilst the rats who had been in the UHT group were overall faster to 

record a lever press response in Chapter 3, this effect was less comprehensive in 

the current experiment. 

Here, we end the experimental chapters concerning the two-choice operant task 

we have developed with rodents; we will provide a general overview of this work in 

our final chapter, but next turn to a different paradigm, with a different study 
species: namely a test of affect-related foraging bias in domestic chicks. 
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CHAPTER 5 

EMOTIONAL STATE AND FORAGING BEHAVIOUR IN CHICKS 

(GALLUS GALLUS DOMESTICUS) 

INTRODUCTION 

Aposematism and multimodal signalling 

Animals which are toxic, or unpalatable, to potential predators sometimes have 

visual properties which render them conspicuous against the backgrounds on 

which they are commonly encountered: for example, the red colouration of a leaf- 

dwelling ladybird (family Coccinellidae), the striped patterning of certain wasps 
(family Vespidae), and so on (e. g. Cott, 1940; Edmunds, 1974). When it is thought 

these cues function in averting predator attacks, they are termed aposematic16'. 
As well as these visual signals, when under threat of attack many such animals 

employ cues in other sensory modalities, constructing an aposematic signal which 
is multimodal162: for example, they may buzz, rattle, emit characteristic smells or 
tastes, and so on (e. g. Rowe & Guilford, 1999a; Rowe & Skelhorn, 2005). 

Aposematism has been the subject of considerable theorising and experimentation 

by biologists seeking to understand its evolution (e. g. Joron, 2003; Ruxton et al., 
2004); more specifically, multimodal aposematism has attracted interest from those 

wishing to account for why such an elaborate signal, which is presumably more 

costly to produce, should have evolved in preference to a simpler signal in just one 

sensory modality (e. g. Rowe & Guilford, 1999a). To this end, a number of theories, 

not necessarily mutually-exclusive, have been proposed to account for how the 

various components of, a complex aposematic signal contribute tactically, to 

181 derived from the Greek for "away" and "sign" (Joron, 2003) 

162 I. e. involving more than one sensory modality (also sometimes called multisensory); the term multicomponent is used 
when a signal consists of more than one part, or feature, but not necessarily more than one sensory modality, and all of 
these terms (multi-modal, -sensory & -component) are generally considered instances of complex signaling (e. g. Hebets & 
Papa], 2005; Partan & Marter, 2005; Rowe, 1999). 

262 



CHAPTER 5 Emotional State and Foraging Behaviour in Chicks (Gallus gallus domesticus) 

realising the presumed strategic aim of averting predator attacks; some of these 

are summarised in Table 5.1. 

The elicitation of unlearnt foraging biases 

Rowe and her colleagues have conducted a number of experiments which provide 

support for the last of the hypotheses listed in Table 5.1, namely that the non-visual 

component of an aposematic signal may elicit, in a potential predator, an unlearnt 

bias against attacking the visual component (e. g. Jetz et al., 2001; Rowe & 

Guilford, 1996; Rowe & Guilford, 1999a, 1999b; Rowe & Skelhorn, 2005). They 

'have used domestic chicks (Gallus gallus domesticus) as subjects, and studied 

their preference between food of a colour commonly found in aposematic insects, 

such as red or yellow, and food of a colour not commonly associated with 

aposematism, such as green. These experiments have found that when chicks are 

presented with certain non-visual stimuli, such as pyrazine smells, buzzing noises 

and quinine tastes, their foraging behaviour is biased against attacking red or 

yellow food items (and therefore towards green food items, for example); these 

biases are either attenuated, or not apparent at all, in the absence of the non-visual 

cues. In addition, the novelty of the non-visual stimulus seems to be important in 

eliciting this change in behaviour: for example, presenting one of a number of 

different odours (including some not associated with aposematism) biases chicks' 

foraging behaviour away from attacking yellow food, but only if the odour is novel; if 

it is not, there is no bias (Jetz et al., 2001). Furthermore, as well as against colours 

commonly found in aposematic insects (e. g. red or yellow), biases are also elicited 

against novel colours (Jetz et al., 2001; Marples & Roper, 1996; Rowe & Guilford, 

1999a), and against colours which are conspicuous against their background 

(Lindstrom et al., 2001). 
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Improve detection speed 
A complex signal may speed detection of the animal from its background, and certainly there is 
evidence that a compound stimulus is detected more quickly than one which is simpler. 

Circumvention of blocked sensory channels 
Signalling over more than one sensory channel improves the chances of detection if a channel is 
blocked, for example by other signals in the environment or ambient stimuli. 

Improve discrimination accuracy 
A complex signal improves the likelihood the animal will be accurately discriminated from other 
possible stimulus identities. 

Predator-specificity 
The various components of a signal may be aimed at different types of predator. 

Increase of Information content 
A signal with more than one component can provide more information than a signal consisting of 
just one. 

Within-group summation 
When two stimuli are learnt separately, an animal's response to their subsequent presentation is 
greater if they appear together. 

Between-groups summation 
A compound stimulus is learnt more quickly than a stimulus consisting of one of the components 
alone. -z 

Potentiation 
Presentation of a non-visual and visual component together may enhance the learning of the latter, 
so that when it is subsequently presented alone, a greater response is elicited than if it was learnt in 
isolation. 

Increase hesitancy to attack 
Some components may increase the predator's hesitancy to attack, increasing the likelihood the 
predator will more closely inspect the animal and accurately assess its toxicity, and/or move on to 
attack other stimuli. 

Decrease habituation 
A predator may habituate more slowly to a multicomponent stimulus compared to one consisting of 
just one component. 

Elicitation of unlearnt bias 
The presentation of a non-visual component may elicit an unlearnt bias against attacking stimuli 
with certain visual qualities. 

Table 5.1 Summary of some of the theories proposed as to how the various components of a 
complex aposematic signal contribute to averting attacks by potential predators (for reviews and 
discussion, see Partan & Marter, 2005; Rowe, 1999; Rowe & Guilford, 1999a). 
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Rowe & Guilford (1999a) proposed that these non-visual stimuli may induce a 

greater hesitancy to attack, and as a consequence, potential food items may be 

more carefully-inspected. In nature, where there may be genuine toxicity or 

unpalatability, such inspection may result in a more accurate judgement of an 

item's value (i. e. there may be a speed-accuracy trade-off); alternatively, inducing 

hesitancy may simply result in the animal moving on to attack other stimuli more 

quickly. In the experimental situation, where the nutritional status of foods of 

different colours is often the same (e. g. Jetz et al., 2001; Lindstrom et al., 2001; 

Marples & Roper, 1996; Rowe & Guilford, 1999b; Rowe & Skelhorn, 2005), 

judgements of their profitability may be more greatly swayed by their visual 

properties, which receive greater scrutiny: if some are associated, a priori, with a 

relatively negative value, then they may be more likely to be rejected. Rowe & 

Guilford (1999a) proposed an additional mechanism that may operate alongside 

one of increased hesitancy: namely, that as a given visual cue (e. g. yellow) is 

encountered in a new context (e. g. with a buzzing noise), then the significance, or 

value, of that visual cue (or the Gestalt of which it is a part) might be perceived in 

isolation from past experience with that cue. This 'perceptual isolation hypothesis' 

again assumes some innate asymmetry with regard to the significance of different 

visual properties: some, when perceived as part of a new percept, may be judged a 

priori as having a more negative value, and/or may be more likely to be 

'perceptually-isolated', i. e. they may be more integrated into a compound whole, 

which is perceived as a new stimulus, and it is this novelty itself which is aversive 
(Bronson, 1968; Marples & Kelly, 1999). 

Affective state & cognitive bias 

Our previous discussions of the links between affective state and certain cognitive 

processes (e. g. in Chapter 1, page 15 onwards) suggests a mechanism via which 

presentation of the non-visual stimuli used in these experiments may result in the 

observed change in the chicks' foraging behaviour, one which is not exclusive of 
the hypotheses outlined above. Namely, the non-visual stimuli may induce a 
negative change in the chicks' affective state, and a biasing of some of the 

cognitive processes involved in foraging behaviour, resulting in a reduced tendency 

to attack stimuli with certain visual qualities. 
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Why might the non-visual stimuli induce such a change in affective state? Whilst it 

is true that some of the treatments used in these experiments, like quinine (Rowe & 

Skelhorn, 2005), are likely to be intrinsically aversive to chicks, it seems this is not 

the case for all of the stimuli used in these experiments, such as pyrazine odour 

(Rowe & Guilford, 1999a, p. 657). However, as mentioned earlier, novelty of these 

stimuli is an important determinant of their effect on foraging bias (Jetz et al., 

2001), and chicks are typically fearful of novel stimuli (e. g. Jones, 1996), at least 

after imprinting has occurred (Rogers, 1995, p. 91). Therefore, on account of their 

novelty, these stimuli may induce a negative, perhaps anxiety-like change in the 

chicks' affective state. 

As discussed previously, negative affective states are associated with the 

characteristic biasing of certain cognitive processes in humans: for example, a 
greater tendency to judge ambiguous events, or stimuli, as having a negative 
outcome, - or significance (for a review, see, for example, Paul et al., 2005). A 

typical paradigm used to investigate colour-based foraging biases in chicks 
involves-, presenting subjects with a simultaneous choice between a number 
(usually two) colours of food, both of which are novel (e. g. Rowe & Skelhorn, 

2005). - Each colour of food is therefore ambiguous in the sense that it has not 
been encountered before (although the extent of its perceived novelty might 
depend on its visual similarity to food the chick has encountered before: i. e. the 

extent of any generalisation), and the outcome of an attack on either is therefore 

unknown, in that it is uninformed by experience. However, the food which shares 

visual qualities (e. g. red) with some toxic prey items might, through an unlearnt, a 
priori conceptualisation on the part of the chick, have a different range of possible 
outcomes, or values. When the chick is in a negative affective state, the tendency 
to select a value from this range which is negative might be greater. In the case of 
food items with visual qualities not associated with aposematism (such as green), 
the range of anticipated outcomes, a priori, may be narrower, and thus the worse 
anticipated possible outcome might have a more neutral valency; hence, a foraging 
bias' against attacking food with visual qualities shared with some aposematic 
insects would result. 
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In addition to these changes in judgements, in humans, a negative change in 

affective state is often accompanied by greater attention being directed to possible 

sources of threat in the environment (as discussed in Chapter 1, and in the 

following reviews: C. MacLeod, 1999; Paul et al., 2005). If the same is true of 

other species, such as chickens, then we might expect them to direct greater 

attention towards foods which, a priori, have certain visual qualities more likely to 

have a threatening significance (such as being toxic). The predictions from such a 

change in attentional resources are likely to be similar to Rowe & Guilford's 

(1999a) hypothesis regarding hesitancy (described earlier)163: attacks on certain 

foods would be less ballistic, and more careful assessment of these foods may 

result in a greater tendency to categorise them as unprofitable, and/or to move on 

more quickly to the next crumb. 

We investigated the role of affect on chicks' foraging behaviour by employing a 
treatment specifically designed to induce a negative affective state in chicks (rather 

than a laboratory-based analogue of a non-visual component of an aposematic 
signal). We chose a three minute period of social isolation, which has been 

validated as producing an anxiety-like state in chicks, inducing distress vocalising 
which is attenuated by the administration of anxiolytics (Feltenstein et al., 2004; 

Warnick et al., 2006). We predicted that chicks receiving this treatment would 

subsequently show a greater bias away from attacking red food, and towards 
attacking green food, compared to a control group receiving no such isolation. 

METHOD 

Subjects & housing 

32 domestic chicks (Gallus gallus domesticus), all hatched on the same day, were 
assigned to either an experimental group (n_27; 14 male, 13 female) or a group of 

1e3 Although, in an experimental situation in which a novel non-visual stimulus (e. g. buzzing noise) Is delivered into the 
ambient environment, according to the hypothesis proposed by Rove & Guilford (1999a) any hesitancy Induced by that 
stimulus may result in more careful inspection of all foods (this wouldn't be the prediction In a natural situation, where the 
various components of a signal all come from the same source, namely the aposemtatic animal); in the negative affect 
hypothesis proposed here, attention may be targeted more asymmetrically, towards foods with (a priors) more threatening 
significance. 
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'buddy chicks' (see below; n=5; 3 male, 2 female)164. All chicks were housed in 

two cages measuring 100(L) x 50(W) x 50(H) cm, with experimental and buddy 

chicks in separate cages. Food (brown chick starter crumbs) and water were 

available in these cages ad libitum. Heat lamps and room heaters maintained a 

cage temperature of around 24-25°C, and the lighting cycle was set at 15 hours on 

/9 hours off, using fluorescent lights with no UV component. All experimental 

procedures were conducted in the room in which the chicks were housed, during 

the light phase. Experimental chicks were weighed each day of the experiment, 

and all chicks were checked for health daily. All chicks were re-homed on small 

free-range holdings at the end of the experiment. 

Test arena 

The test arena (see Figure 5.1) was housed in a cage of the same dimensions as 

the, homecage. At one, end, 20cm along its length, a rectangular section was 

separated from the rest of the cage by a wire mesh spanning its width., This 

section housed two buddy chicks during all habituation and test sessions: they 

were changed every three trials, and had food and water ad libitum. The 

remaining, larger section constituted the test arena, and had a white floor divided 

by fine 
-pencil 

lines into 80 rectangles of equal area; these were used when 

distributing the, crumbs prior to each test session (see below). In addition, the 

pencil line divisions spanning the width of the test arena were used to later record 

the chicks' movements from video footage taken during the test session: these 

marked out ten floor areas of 8cm width, with Floor Area 1 closest to the buddy 

chicks, and Floor Area 10 furthest. 

164. Chicks who were subjectively-assessed as being the least 'viable' were assigned to the 'buddy chick' group, as these 
were thought most likely to fail to habituate to foraging alone in the test arena. 
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Figure 5.1 Floor plan of the test arena. The numbers (1-10) towards the top of the diagram denote 
the ten Floor Areas, spanning the width of the test arena, used to record the chicks' movements 
during the test session. 

Habituation 

On Day 1 and Day 2 (taking hatch day as 'Day 0') the experimental chicks received 

a series of sessions designed to gradually habituate them to foraging alone in the 

test arena. In these sessions, brown chick starter crumbs were scattered across 
the floor of the arena. 

On Day 1, the chicks had three sessions in which they were placed in the test 

arena in groups of three for 5 minutes, and a final session in which they were 

placed there in pairs for 4-5 minutes. 

On Day 2, the chicks had one session in which they were placed in the test arena 
in pairs, then three sessions in which they were placed there individually. These 

sessions lasted 5 minutes, except for the final individual session, which lasted 4 

minutes. Prior to each session the chicks were food deprived for c. 90 minutes. By 

their final session, all chicks were eating readily in the test arena. 
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Test crumb preparation 

After being sieved to a consistent size, 150g of brown chick starter crumbs were 

sprayed evenly with either 2ml of Supercook red food dye or 0.5ml of Sugaflair 

spruce-green food dye, each diluted to 90ml with tap water. They were left to dry 

and then sieved once more to ensure size consistency. 

Test sessions 

Each experimental chick received one test session, on Day 3. Before the test 

session, 20 red crumbs and 20 green crumbs were placed on the test arena floor in 

a pseudorandomised pattern. This pattern was subject to the following limitations: 

of the 80 squares on the floor, each quadrant of squares (i. e. comprising 20) had 5 

red and 5 green crumbs. Within that quadrant, distribution of these 10 crumbs was 

random, but with a maximum of one crumb per square. Within a treatment group, 

each chick had a different pseudorandomised pattern of crumb distribution. 

Prior to each test session the chicks were food deprived for c. 90 minutes. A test 

session commenced with the chick being placed in the centre of the test arena (in 

Floor Area 6, facing the buddy chicks - see Figure 5.1). For the first 16 crumb 

`attacks' (any contact between beak and crumb constituted an attack), the colour of 

the crumb was recorded, together with the outcome of that attack (i. e. whether the 

attack ended, in the crumb being eaten or not). Sessions were terminated when 

either 16 crumbs had been attacked, or 15 minutes had passed, whichever came 

first. Recording was undertaken manually by an observer, and subsequently 

cross-checked against video footage from each session, ensuring as accurate a 
record as possible., 

(-f 
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Treatments & order of testing 

Experimental chicks were assigned165 to either a 0-minute isolation group ("0-mine 

group; n=13; 7 males, 6 females) or a 3-minute isolation group ("3-min" group; 

n=14; 7 males, 7 females). All chicks were housed, with conspecifics, in a food 

deprivation cage for c. 90 minutes prior to their test session. Chicks in the 0-min 

group were taken straight from this food deprivation cage to the test arena for their 

test session. Chicks in the 3-min group, however, were taken from the food 

deprivation cage and placed alone in an isolation cage for three minutes 
immediately prior to being placed in the test arena for their test session. The food 

deprivation cage and isolation cage were of the same design as the homecages, 

but simply lacked food. The food deprivation cage and isolation cage were 

approximately the same distance from the room's light source above, and were 
both heated by a heat lamp of the same wattage (150W). 

To counterbalance the effects of any vocalising from the isolated chicks on 
subjects in subsequent test sessions, the test session of half the chicks in each 
treatment group followed a test session with a chick of their own treatment group, 

with the other half following a test session with a chick in the other treatment group. 

Chick vocalisations 

An audio recorder (Sony ICD-6300) was placed in the roof of the isolation cage to 

record any vocalisations made by the isolated chick; the number of calls made by 
the chick was later taken from this recording. 

Video analysis 

The chicks' movements around the test arena were recorded from video footage 
taken during their test sessions, using 'The Observer 5.0' software (Noldus, 2006). 

165 Chicks were assigned to the two groups in a manner which kept the following as balanced as possible: distribution of 
sexes; the order in which they were selected for initial weighing and marking (in case this order was sensitive to differences 
in behavioural traits, size, etc. ); the ink colours used to mark them. 
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Specifically, their location within the ten Floor Areas (see Figure 5.1) of the grid 

drawn onto the floor of the test arena was recorded from the beginning of each test 

session (the moment they were placed into the test arena, in Floor Area 6) to its 

end (when they had attacked 16 crumbs); they were judged to have entered a 

given Floor Area when both legs stood in it. 

Data analysis 

Statistical analyses were conducted using SPSS 14.0 (SPSS Inc., 2006). Data 

were submitted to parametric analyses only when the assumptions of those tests 

were satisfied, with transformations applied as appropriate. When conducting 

repeated-measures ANOVAs with a within-subjects factor which had more than 2 

levels (i. e. k>2), as in the last chapter, we follow the advice of Quinn & Keough 

(2002), and reject the null hypothesis if either the adjusted univariate output, or the 

multivariate output, reports significance at the 0.05 level. 

RESULTS 

26 of the 27 experimental chicks attacked 16 crumbs within the 15 minute criterion. 
The chick who failed to do so was a female in the 0-min group, and data from this 

subject was excluded from all subsequent analyses. The resulting sample size 
was therefore: 0-min group n=12 (7 male, 5 female); 3-min group n=14 (7 male, 7 
female). Sex had no effect on any of the measures, and was therefore omitted 
from the analyses. 

The proportion of crumbs attacked, by colour 

As Figure 5.2 shows, the 0-min group attacked more green than red crumbs, whilst 
the 3-min group attacked more red than green, and this difference between the two 
treatment groups was significant: the 0-min group attacked a significantly smaller 
proportion of red crumbs than the 3-min group (t24=2.087, p=0.048). Figure 5.3, 

which further subdivides this data into the first and last eight attacks, indicates that 
both treatment groups attacked proportionately fewer red crumbs, and 

proportionately more green crumbs, in the last eight attacks compared to their first 
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eight attacks. For each crumb colour, the proportion of available crumbs attacked 

over the first eight was compared to the proportion of available166 crumbs attacked 

over the last eight attacks: this found a significantly greater proportion of green 

crumbs were attacked over the last eight compared to the first eight attacks (W=- 

2.599, N=26, p=0.009), but there was no significant difference with regard to red 

crumbs attacked (W=-1.398, N=26, p=0.162). 
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Figure 5.2 The mean proportion (by treatment group & crumb colour) of crumbs attacked by chicks 
(data from 16 crumb attacks, which was the criterion for test session termination; +/_ 1 SEM). 

'66 i. e. uneaten in the first eight attacks. This index isn't ideal: whilst it is a measure of those physically available, it doesn't 
reflect any change in the biological significance of those crumbs pecked and rejected (i. e. these crumbs may be less likely to 
be attacked again, perhaps on account of the chicks' movements around the arena, away from areas they have previously 
visited). However, defining the number of crumbs available for attack over the last eight as those unattacked (regardless of 
whether eaten or not) in the first eight yielded similar results (for green crumbs, W=-2.707, N=26, p=0.007; and for red 
crumbs: W=-1.057, N=26, p=0.291). 
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Figure 5.3 As Figure 5.2, but further subdivided into the first eight crumb attacks (opaque bars) 
and last eight crumb attacks (lightly-shaded bars; +/- 1 SEM). 

The proportion of crumbs eaten, including by colour 

All chicks ate at least one crumb (the fewest eaten was 6, the most 16), but not all 
chicks ate crumbs of both colours (one chick in the 3-min group ate no green 
crumbs; another chick in the same treatment group ate no red crumbs). Whilst 

Figure 5.4 shows that the 0-min group ate a greater proportion of the crumbs they 

attacked (regardless of colour) than the 3-min group, this difference was not 

significant (using arcsine-transformed data: te4=1.408, p=0.172). 

A further analysis by colour (see Figure 5.4; each analysis excluded data from any 
chick who did not attack a crumb of that colour) found no significant differences 

between or within groups (proportion of green crumbs eaten once attacked, by 

treatment group: W=143.5, N1=12, N2=13, p=0.126; proportion of red crumbs eaten 

once attacked, by treatment group: W=163, N1=12, N2=13, p=0.729; by colour, 0- 

min group only: W=133, N1=12, N2=12, p=0.259; by colour, 3-min group only: 
W=172, N1=13, N2=13, p=0.852). 
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Figure 5.4 The mean proportion of crumb attacks in which the crumb was eaten (rather than being 
pecked & rejected; non-shaded bars = 0-min group, shaded bars = 3-min group; +/- 1 SEM). 

Latencies to attack and/or eat the crumbs 

The 3-min group took longer to attack 16 crumbs (thus reaching the criterion for 

termination of the test session) than the 0-min group (see Figure 5.5), but this 

difference was not significant (using log-transformed data: t24=1.214, p=0.237). 
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Figure 5.5 The chicks' mean latency to attack 16 crumbs (the criterion for test session termination; 
+/- 1 SEM). 

As Figure 5.6 shows, the 3-min group also took longer to attack and/or eat their 

first crumb (of both colours), than the 0-min group. The latency to make the first 

attack (regardless of whether that crumb was eaten) was analysed using a 

repeated-measures GLM, with crumb colour as a within-subjects factor, and 
treatment as a between-subjects factor. After first log-transforming the data, no 

significant main effect of either colour or treatment was found (F,, 23=2.041, 
p=0.167; F1,23=2.086, p=0.162, respectively), nor a significant interaction between 

the two factors (F1223=0.032, p=0.860). In addition, the latency to eat the first 

crumb was analysed in the same way. This found a significant main effect of 
treatment (F1,22=5.171, p=0.033; i. e. the 3-min group took a significantly longer 

time from the start of the test session to first eat crumbs of either colour), but there 

was no significant main effect of colour (F,, 22=0.780, p=0.387), nor any significant 
interaction between the two factors (F1222=2.379, p=0.137). 
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Figure 5.6 The chicks' mean latency to attack / eat the first crumb, by treatment group and crumb 
colour (NB an `attack' is any contact between beak and crumb, regardless of whether that crumb is 

subsequently eaten, or pecked & rejected; for each bar, only data from chicks attacking / eating a 
crumb of that colour are included; non-shaded bars = 0-min group, shaded-bars = 3-min group; +/- 
1 SEM). 

Proximity to buddy chicks in the test arena 

Analysis of the video footage taken during the test session showed that not all 

chicks entered each of the ten areas of the test arena floor, with a greater 

percentage of chicks in the 3-min group entering the areas closest to the buddy 

chicks (see Figure 5.7). Figure 5.8 indicates that the chicks in the 3-min group also 

had a slightly shorter mean latency to enter the areas closest to the buddy chicks, 

and a higher mean latency to enter the areas furthest away (see Figure 0.67 in the 

Appendix for an alternative method of representing this data). 
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Figure 5.7 The percentage of chicks in each treatment group entering the various floor areas of the 
test arena during their test session (see Figure 5.1 for floor plan of test arena; N. B. the chicks were 
placed in Floor Area 6 at the start of the test session, facing the buddy chicks). 

70- 

60- 

50- 

V 40 
f 0-min 
  3-min 

E 30 

I 

20 

10 

0 

Figure 5.8 The chicks' mean latency to enter each floor area of the test arena, by treatment group 
(see Figure 5.1 for floor plan of test arena; N. B. the chicks were placed in Floor Area 6 at the start 
of the test session, facing the buddy chicks; data is taken only from chicks entering a particular floor 
area; +/- 1 SEM). 

278 

123456789 10 

Floor Area 

123456789 10 

Floor Area 



Figure 5.9 shows the mean percentage of time spent in each of the areas during 

the test session: a repeated measures GLM, with floor area as a within-subjects 

factor, and treatment as a between-subjects factor, was conducted on this data 

from Areas 1-5 only (i. e. excluding Area 6, where the chicks were placed at the 

start of the test session, and Areas 7-10, which received relatively few visits from 

the chicks, of relatively short duration). After submitting the data to a square-root 

transformation, a significant main effect of floor area was found (F4221=3.675, 

p=0.020), but there was no significant interaction of floor area with treatment 

(F4,21=1.708, p=0.186)167. Pairwise comparisons of the five floor areas found that 

the percentage of time the chicks spent in Area 2 was significantly different from 

the percentage of time spent in all the other areas, except for Area 1. Therefore, 

the data for Areas 1&2 (the areas of the test arena closest to the buddy chicks) 

were pooled, and submitted to a further analysis, which found that the 3-min group 

spent a significantly greater percentage of their test session time in Areas 1&2 

than the 0-min group (tea= -2.271, p=0.032). 

The number of calls made during social isolation 

The mean number of calls made by the chicks in the 3-min group during the 3 

minute period of social isolation was 340.36 (min: 153, max: 428; S. E. M. = 18.63). 

There were no significant correlations between the number of calls made and any 

of the following behavioural variables in the subsequent test session (all latency 

data was first log-transformed): the proportion of red crumbs attacked (r =0.320, 
d. f. =12, p=0.265); the latency to attack 16 crumbs (r = -0.352, d. f. =12, p=0.217), 

the latency to attack the first red or green crumb (red: r= -0.035, d. f. =12, p=0.905; 

green: r= -0.011, d. f. =11, p=0.972; ), the latency to eat the first red or green crumb 

(red: r =0.092, d. f. =11, p=0.766; green: r =0.215, d. f. =11, p=0.480; ); the 

percentage of test session time spent near the buddy chicks (i. e. in Areas 1&2; r 

= -0.459, d. f. =12, p=0.099). See Figure 0.71 - Figure 0.75 in the Appendix for plots 

of these data. 

167 In both instances, we quote the multivariate output. 
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Figure 5.9 The mean percentage of test session time the chicks spent in each floor area of the test 
arena, by treatment group (see Figure 5.1 for floor plan of test arena; N. B. the chicks were placed in 
Floor Area 6 at the start of the test session, facing the buddy chicks; test session duration differed 
between chicks, and was determined by their latency to attack 16 crumbs; +/- 1 SEM). 

Additional data 

See the Appendix for the following additional charts: 

" The mean proportion of attacked crumbs which were eaten (rather than 

pecked and rejected) over the first eight (Figure 0.64) and last eight (Figure 

0.65) attacks. 

" By sex: the percentage of chicks entering the various Floor Areas of the test 

arena (Figure 0.66), their mean latency to first enter these areas (Figure 

0.68 & Figure 0.69), and the mean percentage of test session time they 

spent in these areas (Figure 0.70). 
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. The mean order, within the 16 crumb attacks made, chicks attacked / ate 

the first crumb (Figure 0.76), and the mean crumb (Figure 0.77), by crumb 

colour and treatment group; and the mean percentage of red and green 

crumbs attacked in each of the ten Floor Areas by chicks in the 0-min group 

(Figure 0.78), and by chicks in the 3-min group (Figure 0.79). 

DISCUSSION 

We tested the hypothesis that a treatment designed to induce a negative change in 

the emotional (affective) state of chicks, namely a three minute period of social 

isolation, would bias their subsequent foraging behaviour away from attacking red 

food -a colour commonly found in aposematic insects - and towards attacking 

green food. Surprisingly, our results indicated the opposite: chicks socially-isolated 

for three minutes were significantly more likely to attack red food crumbs in a 

subsequent foraging test than a control group receiving no such social isolation. 

Clearly, our hypothesis has not been supported, but the results are no less 

intriguing for it, and below, we consider the following a posteriori hypotheses: an 

unanticipated change in the emotional valence of the chicks in the 3-min group; a 

difference in arousal, distraction and cognitive loading between the two groups; 

and a difference in their level of neophobia. 

An unanticipated change in emotional valence 

Our original hypothesis assumed that any negative change in affective state 
induced by the three minute period of social isolation would persist into the 

subsequent foraging test session, where its effect on foraging behaviour (via a 

biasing of the cognitive processes involved) would be manifest. However, it is 

possible that any such negative shift may, on entry to the test arena, be attenuated 

to a more neutral valence, or changed further into one which is positive. The 

chicks in the 3-min group are taken from an environment which is putatively 

aversive, being novel and socially-isolated (Feltenstein et al., 2002), to one which 
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is familiar (they have been gradually habituated to readily forage alone in the 

arena), relatively safe (they have had no experience of being harmed there), and 

allows close visual contact to be re-established with conspecifics (the two buddy 

chicks behind the wire mesh) and also the experimenter (to whom they may have 

imprinted over the preceding three days since hatching). It is possible that this 

positive change in circumstances produces, via a process of appraisal (e. g. 

Scherer, 1999), a positive change in the chicks' affective state, and this successive 

contrast may render the affective state of the chicks in the 3-min group as more 

positively-valenced in the test arena than the chicks in the 0-min group (see Rolls 

(2005; e. g. pages 11-15) for a discussion of `relief-like' states following the 

termination of a punishing168 stimulus). 

The possible consequences of this are as follows: domestic chickens are 
descended from the omnivorous Red Jungle Fowl (Gallus gallus), whose diet 

includes fruits, berries, seeds, nuts, as well as a variety of insects and other 
invertebrates (Klasing, 2005). A generalist feeder such as this will encounter a 
diverse range of potential food items, with a variety of sensory properties and 

nutritional values. Some of these items will have visual properties rendering them 

conspicuous against the backgrounds where they are commonly encountered, for 

example being coloured red (e. g. Schaefer et al., 2006; Schmidt et al., 2004). It is 

possible they may have evolved such conspicuity because there is an adaptive 

advantage in being noticed or accurately discriminated by potential predators: i. e, it 

forms at least part of a signal conveying information about nutritional value (e. g. 

Guilford & Dawkins, 1991; Willson & Whelan, 1990). The nutritional value of red 
items is likely to be either particularly good, such as certain fruits and berries, or 

especially bad, such as certain toxic or unpalatable insects (Batesian mimics 

aside) (e. g. Cott, 1940; Gamberale-Stille et al., 2007). Since many aposematic 

animals are coloured red, we hypothesised foraging chicks in a negative affective 

state would behave in a manner consistent with them judging red items as more 
likely to belong to the category of toxic or unpalatable prey than green items. 

Rolls defines a punishing stimulus as 'anything that an animal will work to escape or avoid, or that will suppress actions 
on which it is contingent". In domestic chicks, a novel, socially-isolated environment is likely to fit such criteria (e. g. 
Feltenstein et al., 2002; Jones, 1996; Suarez & Gallup, 1983). 
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However, the opposite may also be true: chicks in a more positive affective state 

may tend to judge such items as belonging to the category of very profitable food, 

i. e. they might show a bias in the opposite direction (Isen, 1999). Indeed, there is 

some evidence that chicks make colour-based foraging choices on the basis of 

whether the stimuli presented are insects or not. Gamberale-Stille & Tullberg 

(2001) found that when domestic chicks (Gallus gallus domesticus) were presented 

with insects painted either red or green, they preferred to attack the green stimuli. 

However, when presented with artificial 'fruits' (actually small balls of pastry, 

c. 4mm diameter) painted with the same colours, the chicks showed no such 

preference. 

Whilst the proportional data from red and green crumb attacks supports the 

hypothesis presented above, it receives less support elsewhere: compared to the 

0-min group, the chicks in the 3-min group do not eat a greater proportion of the 

red crumbs they attack, and it does not explain the greater latency of the chicks in 

the 3-min group to eat the first crumb: this hypothesis would predict a similar, or 

even shorter latency, particularly with respect to red crumbs. 

Arousal, distraction and cognitive loading 

Alternatively, or in addition, the treatment used in this experiment may have altered 

the cognitive loading of mechanisms which would otherwise be involved in foraging 

decisions. All chicks come to the test session having had a period of food 

deprivation (c. 90 minutes), and this, together with their previous habituation to 

foraging in the test arena, may predispose them to forage readily on entry to the 

test arena (novelty of crumb colour aside). The chicks in the 3-min group, 

however, have also had a period of social deprivation, during which the need to re- 

establish close social contact may have become increasingly salient. Assuming, 

for a moment, that these premises are correct, we might expect to see a difference 

in the behavioural priorities of the two experimental groups of chicks in the test 

arena: feeding would be a particularly high priority for the chicks in the 0-min 

group, whilst for the chicks in the 3-min group, there is a concurrent, heightened 

need to establish and maintain close social company as" quickly as possible. 
Indeed the data supports this: the chicks in the 0-min group are significantly 
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quicker to eat their first crumb, and there is a trend for them to complete their 

session (i. e. attack 16 crumbs) more quickly, and to eat more of these crumbs, 

compared to the chicks in the 3-min group; the latter group, in turn, spend a 

significantly greater percentage of their test session time staying close to the buddy 

chicks. 

This may have implications for foraging behaviour for the following reasons. Visual 

attention is often characterised as consisting of 'bottom-up' and 'top-down' 

processes: the former is drawn towards salient aspects of a visual array (e. g. on 

account of hue, brightness, shape, movement, and so on), but can instead be 

directed to task-specific stimuli by the latter, more 'executive' cognitive input (e. g. 

Connor et al., 2004). In humans, there is evidence that when this top-down input is 

compromised, for example under conditions of greater cognitive load, or in patients 

with certain brain lesions, visual attention is more easily swayed by salient and 

otherwise irrelevant distracters (D'Esposito & Postle, 2000; Lavie et al., 2004). 

More generally, affective factors, such as high emotional arousal, stress, or pain 

can also impair performance in cognitive-based tasks in a variety of species, 

distracting attention, and increasing the likelihood of 'default' responses being 

performed (e. g. Mendl, 1999; Sneddon et al., 2003); indeed we have discussed 

such phenomena in previous chapters. For the chicks in the 3-min group, some of 

the cognitive apparatus which would otherwise be involved in directing visual 
attention in a task-specific manner may instead be occupied with establishing and 

maintaining close contact with the buddy chicks and/or be distracted by a generally 

higher level of arousal. If the red crumbs used in this experiment are more visually 
salient than the green crumbs, then their attention may be more greatly captured 169 

by these stimuli, which are therefore more likely to become the target of attacks. 
The chicks in ' the 0-min group, on the other hand, are less preoccupied with 

169 Without further empirical work (e. g. objective assessment of the visual properties of the coloured crumbs and their 
background in the test arena (via spectrometry, for example), cross-referenced with the known biology of the chick's visual 
system; e. g. Bennett et al., 1994; Cuthill at al., 1999), we can say little about the relative salience of the different colours of 
crumb used In this study, other than noting that objects of this size (c. 2mm diameter) are more likely to be Identified on the 
basis of achromatic cues, such as brightness; chromatic cues, such as hue and saturation, tend to make a larger contribution 
to the discrimination of larger objects (e. g. Osorio at al., 1999). As a general point, the literature relating to chicks' colour-, 
related foraging preferences Is rather contrary and inconsistent, possibly due to variation In the design of stimuli (including 
their size, hue, saturation, brightness, etc. ), the fighting conditions and other contextual details, subjects' past visual 
experience, genetic variation, and so on (e. g. Ham & Osorio, 2007; Rowe & Guilford, 1999a). 
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gaining close social contact, and therefore have greater cognitive resources 

involved in directing their attention. Under these circumstances, a tendency to 

attack conspicuous stimuli may be tempered by a circumspect caution against 

doing so (e. g. Lindstrom et al., 2001). Interestingly, the pattern of crumb attacks 

across the test session provides some support for such an interpretation: across 

both treatment groups, chicks attacked a significantly higher proportion of green 

crumbs during the last eight attacks compared to the first eight. A pattern such as 

this would be expected if all chicks take some time to `settle-down', i. e. to 

progressively focus more cognitive resources on the foraging task at hand 

following a period of adjustment to the test arena environment (John Skelhorn, 

personal communication; see also Regolin et al. (1995) for an example of a 

cognitive task in which chicks' performance was affected by social isolation and the 

opportunity for reinstatement). 

Stimulus generalisation and neophobia 

Our final hypothesis concerns the extent to which the novel green and red crumbs 

differ, visually, from the brown crumbs previously encountered (Domhnall 

Jennings, personal communication). If the red crumbs are perceived as being 

more similar to the brown crumbs, perhaps on account of hue, brightness, and/or 

the relative saturation of the dyed colour with respect to the original brown of the 

crumb, then the likelihood of a chick attacking a green crumb will depend, in part, 

on their level of neophobia (Marples & Kelly, 1999). Therefore, if the three minute 

period of social isolation renders chicks, at least for a time, more neophobic 
(Bronson, 1968), then their behaviour may reflect the extent to which the sensory 

properties of the novel crumbs are generalised to those encountered before (Jetz 

et al., 2001; Marples & Roper, 1996; Rowe & Guilford, 1999a); if the chicks 

perceive the red crumbs as being more similar to brown crumbs than green crumbs 

are, they would be more likely to avoid attacking green crumbs. 

Again, the proportional data from red and green crumb attacks offers support for 

this hypothesis, but elsewhere support is lacking: we would predict that for the 

chicks in the 3-min group, their latency to attack or eat the first red crumb would be 

lower than their latency to attack or eat the first green crumb, and that the 
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proportion of red crumbs they attack which are eaten would be greater than the 

proportion of green crumbs attacked which are eaten, but we found no such 

differences. Perhaps more importantly, other studies which have employed 

treatments which, a priori, would be expected to induce a degree of neophobia 

(such as novel smells and aversive tastes) have found a preference against 

attacking red crumbs (e. g. Rowe & Guilford, 1996; Rowe & Skelhorn, 2005). More 

generally, objective quantification of the visual properties of the crumbs (i. e. via 

spectrometry), cross-referenced with the known biology of the chicks' visual 

system, would provide very useful information to assess the validity of such 

hypotheses (e. g. Cuthill et al., 1999; Ham & Osorio, 2007; Osorio et al., 1999). 

Comparison of results with an earlier pilot study 

Before we conclude our discussion, and suggest experiments designed to address 

some of the methodological and interpretational issues raised here, it's important to 

note that an earlier pilot study, conducted in the same lab but adopting a slightly 

different design, yielded results which offer some support for our original 

hypothesis. In that study, chicks which had been socially-isolated for one minute 

attacked significantly fewer red crumbs in a subsequent foraging test session, than 

a control group receiving no such isolation. As well as being socially-isolated for 

just one minute, as opposed to the three minutes used in the present study 170, the 

social isolation took place in a covered, dark box, i. e. these chicks entered the test 

arena having come from a considerably darker environment than the chicks in the 

control group. In contrast, in the present study chicks were socially-isolated in a 

cage of the same physical design as the food deprivation cage (where all chicks 

were housed for c. 90 minutes prior to their test session), in very similar light and 
temperature conditions171; these cages had a wide, finely-wire-meshed front 

allowing ambient light to enter. 

170 We used a three minute period of social isolation as we thought it Important to use a treatment which had been well- 
characterised and validated as a method of inducing an anxiety-like state in domestic chicks (e. g. Feltenstein et al., 2004; 
Warnick at at., 2006) 
"' Of course, these environmental conditions will not have been precisely the same, and an argument can be made for 
moving the chicks In the 0-min group Into the 'social Isolation cage' for three minutes prior to their test session as well, but 
this time with conspecifics present. However, it Is not only the three minutes of social Isolation which Induces an anxiety-like, 
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It is possible that these methodological differences between the present study and 

the pilot might underlie the differences in their results. For example, as the visual 

system of the socially-isolated chicks in the pilot study re-adapts to the lighter 

ambient conditions of the test arena, this may have consequences for how the two 

crumb colours are perceived. For instance, the dark-adapted human eye is 

sensitive to lower levels of light, so that when one emerges from a dark 

environment into a lighter one, the scene seems very bright and 'washed out'172; 

our sensitivity to contrast improves as we stay in that environment, and our visual 

system becomes increasingly light-adapted (Snowden et al., 2006). In addition, 

the peak sensitivity of the dark-adapted eye is shifted towards the blue end of the 

wavelength spectrum, so that maximum sensitivity is around the area of the 

spectrum we perceive as green, in contrast to the light-adapted eye, which has a 

peak sensitivity around yellow (this phenomenon is called the 'Purkinje effect', or 
'Purkinje shift; Gregory, 1998). So, whilst the evidence cited relates to human 

vision (reflecting the bias of the published literature), it illustrates that there is the 

potential, at least, for the difference in foraging behaviour of the two treatment 

groups to reflect differences in the way the red and green crumbs are perceived, 

perhaps due to differences in the contrast of the two crumb colours against their 
background, or a change in the peak wavelength sensitivity of the visual system of 

chicks recently placed in a dark environment. 

Alternatively, or in addition, it may be the differing duration of social isolation which 
is responsible for the differences in behaviour: in the pilot, the socially-isolated 

chicks' preference for attacking green crumbs might be due to the mechanism we 
originally hypothesised, i. e. a negative change in affective state, and a biasing of 

some of the cognitive processes involved in foraging behaviour, so that greater 

attention is focused on possible sources of threat in the environment, and/or there 

is a greater tendency to judge the consequences of attacking them as negative. If 

the chicks' cognitive processes are biased as described, then for their effect on 

or 'stressed', state in chicks, but the novelty of the environment in which they're socially-isolated as well (Feltenstein et at., 
2002). Therefore, care might have to be taken not to expose the chicks in the 0-min group to such novelty (e. g. through prior 
familiarisation), lest the difference in treatment effect between the two groups be attenuated. 

12 P, Ithough the extent of this effect depends on how long one has spent in the dark: I. e. one's level of dark-adaptation. 
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behaviour to be manifest, they would need to be involved in the foraging decisions: 

directing attention appropriately, and so on. As the period of social isolation 

lengthens, however, the need to re-establish and maintain close social contact with 

conspecifics may become an increasing high behavioural priority, such that when 
these chicks are given the opportunity to do so, more of their cognitive resources 

are recruited to this end; i. e. the cognitive-biasing first hypothesised may still have 

occurred, but it exerts no effect on foraging behaviour. 

Conclusion and future experiments 

Whilst the three a posteriori hypotheses we have presented here are not mutually- 

exclusive, it is the second hypothesis, regarding arousal, distraction and cognitive 
loading, which seems to fit the data better. As our above discussion of an earlier 

pilot study illustrates, however, the lack of support for our original hypothesis in the 

present experiment does not necessarily mean that the predicted changes in the 

chicks', affective, state and biasing of cognitive processes did not occur: it may be 

that our experiment was simply insensitive to them. 

We conclude by suggesting some experimental designs which might resolve some 

of the issues discussed above. Firstly, whatever treatment is employed to induce a 
change in affective state, it is important any such change persists into the-test 

session. One approach would be to use a treatment designed to induce a longer- 
lasting change in affective state, perhaps akin to a pervasive mood, which persists 
as the chick moves between housing and test environments (this is the strategy we 
adopted, in Chapters 2 and 3, when studying operant responding in rats). For 

example, the homecage environment and husbandry regime of the chicks could be 

, manipulated in a manner designed to induce a more positive, or negative, affective 
state. Some care would have to be taken as to the choice of such manipulations, 
though: varying social, density_ in the homecage (e. g. Marx et al., 2001), for 

example, could result in some chicks more actively seeking the company of 
conspecifics in the test arena, distracting their attention from foraging (see above 
discussion); likewise, the provision of dust-bathing material (e. g. Sanotra et al., 
1995; , Weeks &- Nicol, 2006), . 'or different objects which can be pecked and 

explored (e. g. ' Jones, 1982; Jones et al., 2004; Nicol, 1992), risks varying too 
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greatly the visual experience of the respective treatment groups, leading to 

problems of interpretation in such a visually-based test design (Miklosi et al., 

2002). Some manipulations may be less controversial, though: such as provision 

of perches (e. g. Brake et al., 1994), or adjustments to the level of cover (e. g. Leone 

et al., 2007; Newberry & Shackleton, 1997). 

Alternatively, the treatment could be a manipulation of the test session 

environment itself, inducing a change in affective state specific to that session. 

Given the gregarious nature of domestic chicks (e. g. Feltenstein et al., 2002; Jones 

& Williams, 1992), one obvious type of manipulation would be to adjust the social 

environment, perhaps by changing the number of buddy chicks. For example, one 

could employ a2X2 design in which chicks are habituated to forage in the test 

arena with either buddy chicks present, or absent. Then, in the test session, this 

regime would continue for half the chicks (equally represented in each of the two 

habituation groups), whilst for the other half the presence of buddy chicks would be 

changed from that encountered during habituation (so that they are either present 
in the test session when they had not been previously, or vice versa). Assuming, 

for a moment, that the presence of conspecifics induces a positive change in 

affective state (e. g. Feltenstein et al., 2002), the hypothesis would thus be that 

chicks foraging in the company of buddy chicks during the test session would 

attack more red crumbs than chicks foraging in their absence 173; the 2X2 design 

would control for the effect of novelty per se (i. e. control for the effect of any 
change in the number of buddy chicks). As with all designs in which the treatment 

occurs during the test session, though, there is a risk of the chicks' attention being 

drawn away from foraging and towards whatever aspect of the environment has 

been manipulated by the experimenter to try and change the chicks' affective state: 
be it the presence of conspecifics, sounds, novel objects, and so on. It would 
therefore be important to calibrate the intensity of the treatment, so that it 

successfully changes the chicks' affective state, but does not excessively distract 

173 in fact, one might predict that chicks who had been habituated to forage in the test arena in the presence of buddy chicks, 
but did not during their test session, might show the strongest avoidance of red (if their affective state during the test session 
correlated with the negative contrast of this change in circumstances); similarly, those chicks who had been habituated to 
forage in the test arena in the absence of buddy chicks, but who then underwent their test session in their presence might be 
predicted to exhibit the strongest preference for attacking red. The colour preferences of the other two treatment groups 
might lie somewhere in between these two groups. 
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the attention of the chick away from foraging; in practice, though, this might be a 

challenging objective to meet. 

Similarly, if one were to again employ the type of treatment used in the present 

experiment, namely a period of social isolation just prior to the test session, then by 

adjusting the length of this treatment, it may be calibrated so that it is of sufficient 

intensity to induce a change in the chicks' affective state which persists in the 

subsequent test session, but is not intense enough to distract the chicks' attention 

away from foraging, and towards the buddy chicks behind the wire mesh. Indeed, 

as our earlier discussion suggests, a one minute period of social isolation might be 

sufficient to induce a change in the chicks' affective state without distracting the 

their attention away from foraging in the test session, in possible contrast to a 
longer period of social isolation, of three minutes, for example. 

The experimental designs we have just discussed have involved manipulating the 

external environment of the chick. Alternatively, one could use a treatment which 
directly targets the physiological machinery of affect, for example by using 

psychopharmaceuticals. Such treatments are often well-validated (e. g. Feltenstein 

et al., 2004; Sufka et al., 2006; Warnick et al., 2006), and have advantages over 

environmental manipulations, in which any resulting change in an animal's 

behaviour can arguably, be attributed to what the animal has learnt from those 

manipulations, without implying any role for current affect174. However, they may 

not always target affective state 'cleanly': e. g. they may also change activity levels, 

drowsiness, and so on (e. g. Feltenstein et al., 2004; although, of course, some of 

these 
, 
behaviours might normally. be expected to change as affective state 

changes), which could lead to considerable difficulty interpreting the results from a 
foraging-based task requiring locomotion around a test arena. 

"` For Instance, if an animal Is subject to environmental manipulations designed to Induce an anxiety-like state, any resulting 
change in behaviour suggesting, for example, a greater tendency to attend to possible sources of threat, or to categorise 
ambiguous stimuli negatively, could arguably be due to a cognitively-based process of past experience shaping memory, 
schemas, attentional bias, risk sensitivity, probability assessments, and so on: i. e. without Implicating current affect as a 
factor (Christine Nicol, personal communication). 
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To summarise, then, we did not find evidence to support our hypothesis that a 
treatment designed to induce a negative change in chicks' affective state would 

reduce their tendency to attack red food, a colour commonly found in aposematic 

animals, via a concurrent biasing of the cognitive processes involved in foraging 

decisions. We did, however, find evidence that the treatment changed aspects of 
the chicks' cognition, simply not in a manner we had predicted. The results 

suggested that following a three minute period of social isolation, a greater portion 

of chicks' attentional resources were occupied with re-establishing close social 

contact with conspecifics, compared to subjects who had received no such social 
isolation. This behaviour may be interpreted with reference to any change in 

affective state that occurred as a result of the treatment: i. e. it is addressing the 

source of that discomfort, and thus seeking to reduce it; but other interpretations 

which do not implicate affect are equally valid. Finally, the results provide an 
insight into how the cognitive mechanisms involved in foraging behaviour may be 
functionally structured, especially with regard to attention; this is interesting on its 
own terms, but also has implications for the design of foraging choice tests. 
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CHAPTER 6 General Discussion 

CHAPTER 6 

GENERAL DISCUSSION 

THESIS OVERVIEW 

The opening chapter of this thesis discussed some of the problems associated with 
addressing consciousness within a scientific framework. These problems emerge 
in sharp relief in animal welfare science, since, for many people, concerns about 

animal welfare are contingent on the possibility that animals have subjective 

experiences. Through careful comparative work, a dossier of circumstantial 

evidence can be built in support (or otherwise) of that possibility. In parallel to such 
endeavours, however, there is a pressing need for animal welfare scientists to 
develop objective measures which are as faithful a correlate as possible to any 

subjective emotional experience an animal might be having. Many such proxy 

measures have been, developed, and these have made a very valuable 

contribution to our understanding of the animals under our care. However, these 

indicators have some important limitations, which a recent approach, stressing 
affect-related changes in information-processing, aims to address (Paul et al., 
2005). 

The vast majority of the scientific literature pertaining to the relationship between 

emotion and information-processing has studied humans. Reviewing that research 
yields a number of hypotheses which can then, in principle, be tested in non- 
humans; many of these concern the characteristic biasing of certain cognitive 

processes - such as judgements, interpretations, memory and attention - across 
affect. Since the experimental work from which those hypotheses are derived 

relies heavily on verbal paradigms, there is therefore a need to develop novel, non- 
verbal tasks for use with non-human animals. 

In the first experimental chapter, -we reviewed one such study (Harding et ' al., 
2004), which, employing an innovative paradigm, tested one such hypothesis, ' and 
yielded ý some encouraging results. We then adapted Harding et, al's (2004) 
methodology in an alternative design intended to address some interpretational 
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issues originating from the unbalanced contingencies they employed. We applied 
this design in three experiments, described over the next three chapters (2-4), 

employing rats as experimental subjects. In the first two experiments, we 

attempted to manipulate the rats' affective state using unpredictable husbandry 

events, and changes in homecage 'enrichments', respectively. In the last of these 

(Chapter 4), we employed a treatment designed to vary subjects' level of food 

motivation, via pre-feeding, prior to their probe-tests. In our final experimental 

chapter (5) we explored a novel paradigm with domestic chicks, adapting an 

experimental design previously used to investigate the elicitation of colour-related 
foraging biases. 

Our discussions, in each of these experimental chapters, have been reasonably 

extensive, and we shan't revisit these again in detail. However, we shall present 

some more general conclusions, and to allow these to be better informed, we will 
briefly review some other studies, recently published during the preparation of this 

thesis, which have been informed by a `cognitive' approach to the understanding of 

non-human emotion. 

OTHER RECENT STUDIES INVESTIGATING AFFECT-RELATED `COGNITIVE 

BIAS' IN NON-HUMAN ANIMALS 

Recently, Matheson et al (2008) also modified Harding et al's (2004) 'go/no-go' 

paradigm by employing a two-choice procedure, this time studying starlings. In 
their design, the contingencies were as follows: the conditional stimulus (CS) was 
the illumination of a light for one of two durations (2 seconds, or 10 seconds); the 

conditional response (CR) was a peck on either a flashing green lever, or a 
flashing red lever; and the unconditional stimulus (US) was the receipt of a food 

reward consistent in quantity, but differing in the latency with which it was 
dispatched (either I second, or 15 seconds). 

Since starlings prefer shorter, over longer, delays to food (e. g. Bateson & Kacelnik, 
1996,1997), the authors predicted that subjects in a putative negative affective 
state would be more likely to respond in a `pessimistic' manner (i. e. more likely to 

peck the key associated with the longer delay to food) when presented with probe 
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stimuli (in which the light was illuminated for 2,3,4,5,6,7,8,9, or 10 seconds) 

compared to birds in a more positive affective state. 

They attempted to manipulate affect by adjusting aspects of the birds' husbandry 

regime: an 'enriched' treatment consisted of a larger homecage, more 

'environmental enrichments', less disturbance during cage-cleaning, and more 

predictable access to a water bath, compared to the alternative, 'standard', 

treatment they employed; the former was designed to induce a positive change in 

affect, the latter a negative change. Six starlings were trained to criterion and 

completed both subsequent treatments in a counterbalanced order (i. e. in a 

repeated-measures design). Each treatment lasted fourteen days, with probe-test 

sessions conducted once daily from days 5 -14. 

They conducted probit analyses, across probe value, on the birds' response 

choice, and then compared aspects of this fitted function in repeated-measures 

models. Overall, they did not find a significant difference between the two 

treatments in the probe value at which the probability of making either response 

was 0.5 (i. e. the `bias'), nor in responding to the stimulus associated with the 'quick' 

(short-delay) reward. However, they did find a significant difference, in -the 

hypothesised direction, in response choice when presented with the stimulus 

associated with the 'slow' (long-delay) reward (p=0.040). Otherwise, they found a 

tendency (p=0.053) for the middle section of the fitted function to be steeper for the 

'standard' treatment group (i. e. for them to be more 'sensitive' to probe value). 

Since the steepness of the fitted curve differed depending on which contingency 

group the starlings were in, indicating that the birds were less sensitive to probe. 

value when in the 2-sec (CS) / 1-sec (US) (i. e. 'short=instant') group, the authors 

re-analysed the data from the -more 'sensitive', 'long=instant' group only. This 

analysis found a significant difference in 'bias', in the hypothesised direction across 
treatment, and additionally found that 'sensitivity' was significantly higher for the 

'standard' treatment group (i. e. that group were more discriminating across probe 

value). Their results, then, provided some very encouraging support for their 

hypotheses, ' and furthermore, by studying a different species, and employing a 
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different experimental design, they were able to investigate to what extent Harding 

et al's (2004) findings generalised. 

Interestingly, as in a number of the experiments conducted in this thesis, Matheson 

et al (2008) found that contingency (namely whether the 2 second, or 10 second, 
light was associated with the short, or long, delay to food) interacted with the US to 

produce differing psychometric functions. As the authors note, the extent of that 

interaction may have been accentuated, or determined, by the selection of 

conditional and unconditional stimuli which varied the same parameter (time) to 

characterise their differences (i. e. birds 'waited' variously for (2 or 10 seconds) + (1 

or 15 seconds) for food reward: i. e. for 3,11,17, or 25 seconds). As the authors 

noted, since delay to food was the a priori determinant of US value, it may have 

been more advisable to employ a different CS, such as different tonal frequencies. 

In addition, Matheson et at (2008) further cite evidence suggesting that if there is a 
longer delay before a reward is obtained, then that reward may be valued more 
highly than a reward received at lower cost (e. g. Kacelnik & Marsh, 2002; Klein et 

at., 2005), an observation which has some interesting implications for the direction 

of hypotheses based on the a priori identification of preferred outcomes. To 

complicate matters a little further, perception of the passage of time itself may be 

biased across affect, at least in humans; for example, people with depression (e. g. 
Blewett, 1992; Bschor et al., 2004; Mundt et al., 1998) or in anxious or fearful 

states (e. g. Langer et al., 1961; Watts & Sharrock, 1984) may be more likely to 

overestimate the duration of temporal intervals, perhaps reflecting differences in 

the deployment of attentional resources, and/or levels of arousal (e. g. Droit-Volet & 

Meck, 2007; Wittmann & Paulus, 2008). 

In another recent study with starlings, Bateson & Matheson (2007) trained 6 birds 
to flip ,, a lid from the top of a petri dish to access mealworm prey beneath. 
Palatable mealworms were covered with a white lid, whilst unpalatable mealworms 
(injected with quinine) were covered with a darker-coloured lid (printed in 80% 

greyscale). Once the birds were flipping reliably more white lids than darker lids, 
they entered two sequential treatments. The starlings' homecages in the 'standard' 
treatment remained as they had been during training, whereas their homecages in 
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the 'enriched' treatment received additional 'enrichments'; two birds received the 
former treatment first, whilst four received the latter treatment first. Once the birds 

had been in their respective treatments for two days, they received a number of 
probe trials, over the next five days, in which they were presented with 'probe' lids 

of intermediate shades (20%, 40% & 60% greyscale), none of which covered 

mealworms of any sort. 

Their results indicated that the 'enriched' group flipped more of the 20% lids than 

the 'standard' group (i. e. were more 'optimistic' with regard to the 'probe' lid closest 
in tone to the palatable mealworm reference (white) lid), but only for, the 

counterbalanced group receiving the 'enriched' treatment first. If we assume that 
the difference in the tendency to flip this lid, across treatment, reflected a change in 

affect as hypothesised, it's possible that moving from an 'enriched' to a 'standard' 

cage produced a comparatively more negative affective state in the latter 
('standard') treatment, compared to birds who had known, in the recent past, no 
better (i. e. who received the 'standard', or control, treatment first). So, whilst as a 
go/no-go design, the task they employed bears some similarity to the' design 

adopted by Harding et al (2004), and thus may be relatively more vulnerable than 

some alternative designs to certain confounds (as discussed in Chapter 2), their 

results were again encouraging, and it was another novel addition to the increasing 

canon of tasks informed by a 'cognitive-bias' approach. 

Returning to rodent-based studies, Burman et at (2008b) manipulated 
'environmental enrichment' in an experimental design which employed different 
spatial locations as probes. They provided twelve rats with extra homecage 

-'enrichments', above and beyond their pre-existing standard fare, and removed 
some of the pre-existing 'enrichments' from the homecages of a further twelve rats. 
They then trained all'24 rats, in a test arena, to run from a starting-box to a pot. 
When the'pot was in one location (e. g. far to the right), it contained an accessible 
food reward, but when it was in an alternative location (e. g. far to 

, 
the left, 

counterbalanced across subjects), the rats found no accessible reward inside it. - 
Once the rats were reliably running more quickly to the baited pot than they were to 
the un-baited pot, they received a number of probe trials, in which the pot 
appeared in one of three locations intermediate to the 'reference locations' with 
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which they had previously been trained. The experimenters found that whilst 

running latencies did not differ between the treatment groups at each of the 

'reference' locations, it did differ, in the hypothesised direction, for the probe 

location closest to that occupied by the unrewarded 'reference' pot (latencies did 

not differ, across treatment, with respect to any of the other probe locations). 

Furthermore, employing a somewhat similar treatment, but a different paradigm, in 

another recent experiment Burman et al (2008a) removed a number of pre-existing 
'enrichments' from the homecages of twelve rats (the 'unenriched' group), leaving 

the homecage environment of a further twelve rats unchanged ('enriched' group; 
i. e. with pre-existing 'enrichments' intact). They then trained the rats to run down a 

runway to receive either 1 or 12 pellets of food (with each rat always receiving the 

same amount of food, and with this quantity counterbalanced across treatment). 

Once the rats receiving 12 pellets were running reliably faster than the rats 

receiving 1 pellet, all the rats thereafter received just 1 pellet at the end of the 

runway. The group 'down-sized' from 12 to 1 pellets exhibited the characteristic 
behavioural change associated with such 'successive negative contrast' (e. g. 
Flaherty, 1996): namely, they ran, on average, more slowly than the rats who had 

always received 1 pellet of food. However, the slower latency of the 'unenriched' 

rats persisted significantly longer than the slower latency of the 'enriched' rats, 
before finally recovering to match that of the other experimental groups. Here, the 

mechanisms underlying the observed treatment-related difference may differ from 

those implicated in a number of the other 'cognitive bias' tasks reviewed above 
(and also those conducted in this thesis), suggesting an affect-related bias in the 

perceived impact, or significance, of reward withdrawal, and/or of mnemonic 

processes in which negative memories, of downsizing, remain more salient, for a 
longer period of time. 

METHODOGICAL AND THEORETICAL ISSUES IN THE STUDY OF AFFECT. 

RELATED 'COGNITIVE BIAS' IN NON-HUMAN ANIMALS 

So, as this brief review illustrates, an `information-processing' (or `cognitive') 

approach to understanding affective states in non-human animals is beginning to 

show considerable promise: whilst underlying mechanisms remain to be elicited, a 
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variety of paradigms, studying a variety of species, have yielded encouraging 

results. To ensure good progress continues, though, what conclusions can we 

draw from the present state of such research (including the experiments conducted 

in this thesis), and what cautionary correctives might we now need to consider? 

One proposed benefit of a 'cognitive' approach is the comparative clarity of a priori 

predictions (e. g. Burman et al., 2008b). This contrast is made in comparison to 

other, more 'traditional' approaches to the behavioural measurement of affect, 

including the elevated plus maze and open field, in which hypothesised changes in 

behaviour are not always clear (as we discussed, for example, in Chapter 2). 

However, a number of the studies, and discussions, conducted in this thesis 

suggest such clarity cannot be taken for granted, encountering, as we have, 

counter-intuitive results, and a multiplicity of predictions when re-visiting the 

human-based 
, 
literature. It's important to note that this isn't a negative 

development: on the contrary, by, acknowledging such complexity we have gained 

a more rounded view of our results, and have gone at least part way to accounting 

for some curious findings, which might otherwise be discounted as anomalous 

noise. We will now consider the factors which might contribute to the complexity of 

a priori predictions in tests of affect-related non-human cognitive bias. 

Clearly, the' treatments themselves may be an important contributor to the 

nebulous nature of any predictions, and we discussed the pros and cons of a 

variety of, methods of manipulating -affect 
in Chapter 5. Perhaps the clearest 

violation of our a priori assumptions occurred in our opening experiment (Chapter 

2), in which the unpredictable housing treatment appeared to induce a counter- 

intuitive change in putative affect, together with an 'optimisation' of cognitive 

performance. Interestingly,, the unpredictable husbandry regime employed by 

Matheson et al (2008) was similarly associated with an improvement in 

performance: in terms of maximising food, return through, improved accuracy in a 

relatively demanding cognitive-behavioural task. Here, starlings in the 'standard' 

treatment (cf 'enriched') were more sensitive (i. e. more discriminating) across 

probe value, with a (near-significant) tendency to be more accurate with regard to 

the 'long delay, reward', without any detriment to their accuracy with regard to the 
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opposing reference stimulus. The authors interpreted this by reference to 

'depressive realism': the notion that the expectations, and judgements, of 
depressed humans are closer to the objective truth than that of non-depressed 

people (e. g. Taylor & Brown, 1988). However, as discussed in our opening 

chapter, some have argued that 'depressive realism' is empirically-equivocal and 

situation-specific (e. g. Power, 1999); in certain scenarios, depressed people, for 

example, appear less realistic than non-depressed (e. g. Moore & Fresco, 2007). 

Alternatively, it's possible that the difference, in accuracy and discrimination, 

Matheson et al (2008) uncovered between their treatment groups may have 

reflected a stress/arousal-facilitated increase in cognitive performance, as perhaps 

we encountered in Chapter 2. These observations suggest that for treatments 

employing unpredictable interventions, the scope for predictions to be mispecified 
is relatively large; this may, in part, reflect the diversity of methods adopted when 

attempting to manipulate affect in this manner: e. g. compare the comparatively 

mild interventions employed in this thesis, to those adopted by Willner et al (1987). 

Changes in 'enrichment', on the other hand, and in particular the removal of pre- 

existing homecage substrates, appear to be more reliably associated with changes 
in behaviour in keeping with a priori predictions relating to affect-related biases in 

information-processing (e. g. Bateson & Matheson, 2007; Burman et al., 2008a; 

Burman et al., 2008b). Indeed, there was some suggestion, in Chapter 3, that the 

same might be true in this thesis, and we noted, in the corresponding discussion, 

that such evidence (of an 'optimistic bias') is contingent on being able to 

satisfactorily model both accuracy (in terms of responding to the reference tones), 

and responses to ambiguity. However, attempting to distil out the latter may not be 

a simple matter. In discrimination tasks, for example, animals rarely perform 
'perfectly' (i. e. the criterion at which an animal is considered 'trained' is generally 

set some way below 100%). More generally, the (highly successful; e. g. Wickens, 

2002) application of signal detection theory in psychophysics is premised on the 

assumption that environmental, or cognitive 'noise' routinely obscures signal clarity 
(e. g. Atkinson et al., 1996). In the case of the operant paradigm adopted in this 
thesis, ' for example, it may not be appropriate to conceptualise the reference trials 

as entirely 'unambiguous'. 
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What about the probe stimuli? A priori, their level of ambiguity may depend, in 

part, on their proximity to the reference stimuli (and vice versa: i. e. the 'ambiguity' 

of the latter may depend, in part, on their proximity to the former), but how? Are 

those probe values furthest from the reference stimuli the most, or least, 

ambiguous? For example, are they perceived as being clearly neither of the 

reference tones, or are they on the cusp of being categorised as either? Might 

some probe values appear even less 'ambiguous' than the reference stimuli 
themselves? The phenomenon of peak shift (i. e. peak responding, in 

discrimination tasks, to probes rather than reference stimuli; e. g. Ghirlanda & 
Enquist, 2003) suggests that, in some circumstances, this might be so. 

These are important questions, since constructs such as effectiveness, accuracy 
and efficiency need to be distinguished from 'optimism' and `pessimism'. _ 
Otherwise we risk confounding affect-related changes in cognitive capacity, with 

affect-related changes in cognitive selectivity (e. g. Dalgleish, 2003). To this end, 
the designs employed by Burman et al (2008a; 2008b), in which the training, as 
well as testing, were conducted whilst the subjects were in their respective 
treatment groups, controlled, at least in part, for confounds relating to cognitive 
capacity. In. each instance,: such, confounds (e. g. in learning ability) were not 
found, but if they had been, it might have been possible to quantify them (e. g. as 
'number of trials until criterion reached'), . and then model them as a covariate. 
Such a design may not always be desirable, however: animals in a putatively more 
negative affective state may learn equally 'well'. (e. g. quickly), yet the 'contents' of 
that learnt representation might differ, from that of subjects in more positive states; 
such, conceptual , 

differences 
, could have important consequences 

.,, 
for, the 

interpretation'. of behavioural responding in any subsequent tests. On 
,a 

''more 
ethical note, if the training phase is long (e. g. if the subjects-take some time _to 
learn . what - might, be a. difficult task), ' the, animals' welfare might be too greatly 
compromised if, they, are kept in particular, treatment groups throughout that 
process... .'. 

Otherwise, 'the clarity, or otherwise, of a priori predictions in tests of 'cognitive bias', 

may, in part, be determined by the choice of unconditional stimuli. In Chapter 2, for 
example, our findings didn't support our hypothesis that an unpredictable housing 
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treatment would induce a pessimistic style of responding, whereas, in Harding et 

al's (2004) study, it did. In the case of the former, the unconditional stimuli were 

either one, or two pellets of food, whereas in the case of the latter, they were either 

one pellet of food, or no food, the delivery of white noise, and a longer delay until 

the next trial. Assuming, for the sake of argument, that such unpredictable 

husbandry treatments induce a greater tendency to interpret ambiguous probe 

stimuli as signifying a negative outcome, which of these various outcomes is the 

most negative? If the receipt of food per se, is better than nothing, yet nothing is 

better than the delivery of white noise, then that might account for the differences 

in results. On the other hand, might the negative consequences of inaccurately 

judging a probe stimulus as heralding the delivery of two pellets of food be 

deceptively great, because the quantitative difference here, between two, and zero, 

pellets of food, is particularly large? Since, as we discussed in Chapter 1, there is 

some evidence that subjective probability assessments, with respect to positive 

and negative events, differ across types of negative affect (e. g. depression, and 

anxiety), such issues may be an important determinant of success when searching 

for affect-related biases. But they are conceptually-challenging: e. g. if the delivery 

of two pellets of food is better than the delivery of one pellet of food, yet the 

delivery of both is better than nothing, is the delivery of one pellet actually negative, 

or just less positive? 

On a different tack, it's possible, of course, to dispense with conditional stimuli, and 
study animals' responses to probes which have an unlearnt affective significance 
(e. g. predator-like stimuli, such as models (e. g. Jones et al., 2007), or something 

more elemental, such as fast swooping movements, and so on), varying the 

resemblance of the stimuli to the predator (for instance) it's intended to mimic. 
Such designs could potentially dispense with a considerable amount of training, but 

of course are prone to habituation, at least if repeated over a number of trials (i. e. 
there may be only a small window of opportunity to observe responses, and 
perhaps such a paradigm may only be useful if the effect size was very large). 

Otherwise, there may be affect-related biases in' non-human animals which are, a 
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priori, less obvious candidates for enquiry, 175 but may suggest themselves to us 

through careful consideration of the adaptive significance of various affective 

states. 

None of the studies reviewed so far have employed strongly aversive outcomes as 

unconditional stimuli. This is despite the fact that the evidence for affect-related 

biases in the processing of threat is very strong in humans, as we discussed in 

Chapter 1. It's also despite the fact that anxiety, strongly implicated in such biases, 

is perhaps, a priori, more likely than depression to be found in a range of species, 

because its functional significance, at least when expressed non-clinically, is more 

obvious. Since the experiments we've been discussing have approached the issue 

of affect-related cognitive bias from an animal welfare perspective, it's not 

surprising that strongly aversive unconditional stimuli have not been employed. 

However, approaching the issue from an alternative perspective, namely that of 

affective neuroscience, a recent paper has investigated interpretive biases relating 

to ambiguous threat. 

Tsetsenis et al (2007) studied knockout mice lacking an active serotonin receptor 

gene, the dysfunction of which has been implicated in anxiety and depression. On 

the first day of fear conditioning, they presented both the knockout, and wild-type 

mice, with five trials; on the first, third and last of these trials, a 3kHz tone was 

presented for 20 seconds, terminating in the presentation of a light for 20 seconds, 

which itself terminated in a foot shock. In the second and penultimate trials, the 

mice were presented with the 20-second 3kHz tone alone; hence, the light always 
heralded an aversive shock, whereas the 3kHz tone heralded a light, then a shock, 

on 60% of occasions, and neither of these things on 40% of occasions. 

The next day, the mice were presented with the 3kHz tone alone for 6 minutes, and 
the light alone for 6 minutes. All mice exhibited high levels of freezing behaviour to 
the light, and low levels of freezing behaviour at 'baseline' (i. e. when neither the 
light nor the tone were presented); however, the knockout mice froze significantly 

175 cf attentional biases for upper or lower regions of physical space (e. g. Meier & Robinson, 2006), and judgemental / 
perceptual biases with regard to darkness and light (e. g. Meier et al., 2007), across affect in humans. 
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more in response to the tone than the wild-type mice. This was interpreted as 

analogous to the readiness with which some anxious people respond to 

`ambiguous' cues (akin to the tone, in this instance) with an inappropriately-large 

fear response, often to the detriment of their quality of life and general functioning. 

Clearly, this was an interesting study, and is perhaps itself analogous to 

experimental paradigms of fear extinction and recall, in which a neutral stimulus 

(e. g. a light) is paired with an aversive one (e. g. a foot shock) a number of times, 

such that the light itself (i. e. without presentation of the shock) induces fear-related 

behaviour (e. g. freezing). This behaviour abates as the light is then repeatedly 

presented by itself (i. e. without any associated shock, inducing 'extinction'). When 

later presented with the light (alone), however, some animals, under some 

conditions, show impaired extinction recall: e. g. they freeze (as reviewed in Milad 

et al., 2007, for example). As Bishop (2007) notes, the light has become, "in effect, 

an emotionally ambiguous stimulus linked to representations of both threat (from 

acquisition) and safety (from extinction)". Given the substantial insights which can, 

potentially, be gained from such an experiment, should animal welfare scientists, 

developing proxy indicators of affect, also consider employing such aversive 

stimuli? We shall consider this issue later, but first we'll further widen our 

discussion of the factors which may contribute to the equivalence of a priori 

predictions in 'cognitive bias' tasks. 

Matheson et al (2008) noted that similarities between their findings, and that of 
Harding et al (2004), suggested that animals in a poorer environment may be more 

averse to relatively bad outcomes, a conclusion which has some adaptive appeal. 

However, as we briefly mentioned in our opening chapter, a number of studies 

have found that humans are more sensitive to losses (and more risk-averse in their 

decisions) when in a more positive affective state (e. g. Kliger & Levy, 2003; Nygren 

et al., 1996). Here, then, we have a potential problem for many of the studies 

reviewed above, and, of course, for many of the studies presented in this thesis. If, 

for example, an animal in a more negative affective state is more risk-prone than 

an animal in a more positive affective state, then even if the former subject 

estimates the likelihood of a positive outcome as lower, or the likelihood of a 

negative outcome as higher, than the latter subject (as we might predict from the 
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human literature), an animal in a more negative affective state may nevertheless 
be more likely to respond as if expecting the better outcome. Operationally, 

therefore, such an animal may be more optimistic, yet in their cognitive judgements 

of the likelihood of various occurrences, they may, in fact, be more pessimistic. 

In Chapter 1, we encountered a possible way to address such a problematic issue. 

If affect-related risk-proneness/aversion only manifests when the multitude of 

potential outcomes is explicit: e. g. in human terms, when one is weighing up the 

likelihood of various outcomes, and selecting among several possible choices 

when making one's decision, then it's perhaps best conceived as a response bias 

(as we defined it in our opening chapter). If, however, a (human, or non-human) 

animal's response to ambiguity instead reflects what we termed, in that chapter, an 
interpretive bias - i. e. only one semantic representation is processed, and acted 

upon - then there is, by definition, nothing to risk. The resulting behaviour of such 

animals may therefore be a more faithful correlate of a genuinely-'optimistic' bias in 

information-processing. 

So,, how might we put such an observation into practice? As discussed in the 

opening chapter, such issues have been addressed, in human studies, through the 

employment, of, priming techniques (e. g. Calvo et at., 1994; Macleod & Cohen, 

1993; Richards & French, 1992): i. e. facilitated (or otherwise) responding to stimuli 
following the presentation of an ambiguous prime, one interpretation of which is 

congruent, with the correct identification of the target stimulus (e. g. correctly 
identifying it as, a : 'real', word, - rather than a non-word). In these experiments, 
facilitation is operationalised by response latency across response choice. The 

operant discrimination tasks conducted in this thesis have been, to some extent, 
analogous. to such aprocedure, with the ambiguous tone 'priming' the subject to 

respond one way or the other; in such designs, response latency may, therefore, 
be a reasonable proxy of such facilitation. 

A NOTE ON ETHICS 

There's 
, 
been relatively, little discussion, so far in this thesis, of the ethical 

implications <of 
. 
the experiments we have conducted, nor of the hundreds of 
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comparable studies elsewhere. In keeping with the relatively dispassionate 

protocol of scientific prose, we've talked about the treatments we've employed in 

terms of their scientific merit, rather than engaging in a more expansive debate of 
the costs, in potential suffering, to the animals concerned; nor indeed have we 

given a more personal account of any discomfort experienced by those involved in 

such experimentation. However, we'd like to make a few points on such matters 

now. 

Firstly, by the very nature of the objectives they're trying to achieve, many 

treatments designed to induce a change in an animal's affective state clearly do 

have potential costs (of suffering) to the animals concerned. More generally, 
keeping animals in the confined, perhaps unwittingly ill-prescribed, conditions of a 
laboratory has potential welfare costs per se. The onus is (of course) on those of 

us engaged in such research to constantly seek to refine the procedures, and 
general conditions, employed. Some of these refinements (or replacements) might 
be counter-intuitive: for example, an (invasive) psychopharmaceutical treatment 

(e. g. via injections), as discussed in Chapter 5, might compromise welfare 

comparatively less than alternative options if its effects are very transient, or, most 
obviously, if its intended effects are to induce a positive change in affect. Indeed, 

there may well be merit in adopting treatments designed to induce a positive 

change in affect per se, but even those have implicit costs: contrasted, as they are, 

against a control group we know `could have it better'. 

More generally, there is an understandable, and difficult, tension between 

employing treatments we think are likely to be 'mild', or even positive, in their 

effects, and their ability, contrasted against alternative procedures, to definitively 

answer the scientific questions we are posing. For example, the (scientifically) 

impressive experiments conducted by Tsetsenis et al (2007), reviewed above, 

employed a mouse strain genetically-engineered to be anxious and depressed, or 
at least engineered to express some of the neurological characteristics associated 
with such affective states (Nader & Balleine, 2007). The ethical implications of 
employing a strain which is, arguably, designed to suffer, are profound, yet the 

scientific progress they made (using aversive foot-shock stimuli) is, potentially at 
least, substantial (e. g. Nader & Balleine, 2007). 
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In contrast, in this thesis we have employed treatments which are designed to be 

milder than the majority employed elsewhere, perhaps simulating aspects of a 
(very negligent) husbandry regime; even so, society's notion of what is acceptable 
is constantly, and for the most part progressively, refined, and it may be that in 

years to come even such 'mild' manipulations will no longer be permissible. More 

generally, such an observation alerts us (more specifically: me) to the importance 

of constantly questioning the ethical implications and scientific merits of our work, 

and of guarding against finding comfort in the fact that we presently adhere to 

societal norms. 

As this discussion suggests, these issues are, of course, very challenging ones for 

the scientist to address, and charting a course through them is not an easy matter. 

As a general point, though, by explicitly discussing them, we can at least contribute 
in a small way to an ethical debate which aspires to be honest and intelligent; a 

necessary corrective to a scientific culture increasingly driven by coarse indices of 

achievement (e. g. Lawrence, 2007). 

CONCLUDING REMARKS 

What's different about 'cognitive bias tests'? A number of the papers we've briefly, 

reviewed in this chapter have used that label to describe the test they've employed 
(e. g. Burman et al., 2008b; Matheson et al., 2008), and whilst that might be a very 
reasonable description, it somewhat suggests they are sensitive to processes 
fundamentally different from a number of other paradigms. It's an obvious point, 
but perhaps worth making, that this is unlikely to be the case, at least not in all 
instances. For example, one of the key measures in an elevated plus maze (EPM) 
is the proportion of time spent in the closed arms; this is generally hypothesised to 
be greater when anxious. It's conceivable, in such circumstances, that an 'anxious' 

animal interprets the emotional ambiguity of the open, exposed arms as more likely 
to be threat-related: e. g. perhaps more likely to be associated with attack. Hence 

rather than risk an outcome which may be subjectively more probable (than if the 

animal were less anxious), the subject stays in the least-exposed areas; similar 
inferences could be made with regard to other behavioural measures, such as the, 

open field, and novel object test. 
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The mechanisms implicated in the 'cognitive bias' studies we've discussed may 

differ in many ways, both from each other, and from 'traditional' behavioural tests 

of animal affect. It's not necessarily the case that a 'cognitive bias' test is 

investigating mechanisms other than those examined in the EPM, etc., but for such 

a research programme to progress, various functional and mechanistic hypotheses 

need to be distilled, tested and compared (cf risk-sensitive foraging in non-human 

animals; e. g. Kacelnik & Bateson, 1996; Kacelnik & Bateson, 1997). As a general 

observation, though, in adopting a 'cognitive approach' to emotion, a diverse range 

of useful novel methods have been developed, in a short timescale. What makes 

this approach so fertile? Through an explicit review of the large human-based 

literature concerning information-processing and affect, a range of hypotheses 

have been formulated for investigation in non-human animals. Since these centre 

on (superficially) substrate-neutral observations concerning causality and function, 

this allows flexibility, and transferability, of experimental design; this is the likely 

key which will determine the future utility of such an approach. 

There are many examples of such flexibility. In a number of the paradigms 

reviewed in this thesis (e. g. Bateson & Matheson, 2007; Burman et al., 2008b; 

Harding et al., 2004; Matheson et al., 2008; Tsetsenis et al., 2007), the valence of 

the potential outcomes associated with an 'ambiguous' stimulus, for instance, can 
be manipulated between those which are aversive, such as potential attack, pain, 

or unpalatable food, and those which are positively-valenced, such as palatable 
food. In addition, as we discussed in Chapter 1, by varying the relevance of the 

unconditional stimuli to the experimental subjects, we may be able to distil specific 

sources of fear (e. g. Teachman et al., 2008), for example, or relate them to more 

motivational constructs, such as hunger, or thirst (e. g. Changizi & Hall, 2001). 

Furthermore, 'ambiguity' can be quantified, at least physically (e. g. in terms of kHz 

value, stimulus duration, etc. ), between known outcomes, i. e. through 

reinforcement schedules, as manipulated by the experimenter. Furthermore, the 

experimental conditions can be manipulated in'a manner which renders them less 

aversive to experimental subjects. Rather than a 'single enforced confrontation 

with a novel, perhaps unpromising situation, for example, there is the opportunity 
for more extensive data to be built up'over a longer period of time, in a situation 

which need not be aversive at all to the animal (in fact, ' may even be 'enriching'). 
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Our discussion, above, suggests some correctives to current terminology may be 

needed so that 'cognitive bias' tasks are placed in a framework which includes 

other, more 'traditional' behavioural measures of non-human affect. However, the 

flexibility an 'information-processing', or'cognitive', approach allows, can have real 

scientific, and ethical, benefits. 

More generally, given the richness of the literature pertaining to the relationship 

between information-processing and affect, the scope for developing further novel 

tests of non-human emotion, and to modify existing tests, is great. Our 

understanding of animal cognition is rapidly maturing, and by cross-referencing the 

predominantly human-based literature on information-processing and affect, with 

the animal-based literature concerning cognition, there is substantial scope for 

further progress. The simple modification of an existing foraging task in chicks, 

outlined in Chapter 5, illustrates this. That study also suggested that such 

research, and the results it yields, may prove more complex than initially 

anticipated, yet that, in turn, can be turned into fertile ground for future scientific 
investigation. 

A 'cognitive' approach to the understanding of non-human affect will also benefit 

from further integration with fields outside of animal welfare science: for example, 

behavioural ecology, psychopharmacology, affective neuroscience, and so on. In 

particular, there perhaps needs to be more explicit discussion of the functional 

significance of various affective states, and their proposed correlational relationship 

with cognitive bias. After all, historical attempts to study, and elicit, human abilities 

and : behaviours in non-humans, perhaps most famously aspects of human 

language, have suffered. from an anthropomorphic bias which has ignored 

evolutionary, functional, and anatomical considerations (e. g. Pinker, 1994). 

Nevertheless, the mechanisms we have studied in this thesis, are, a priori, perhaps 
likely to be found in a large number of different species, since they involve state- 
dependent ̀ changes in the processing of fitness-relevant stimuli. That simple 

observation, in turn, opens up the possibility that affect-related mechanisms may 
be implicated in a great range of phenomena documented in non-human animals, 

such as changes in vigilance, across predator type and density, state-dependent 
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risk-sensitivity, response to aposematic warning colouration, and so on. Through 

such cross-disciplinary endeavour, the scene is set, then, for the science of non- 
human emotion to grow in exciting, and unanticipated, directions. 
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APPENDICES 

APPENDIX A: PILOT STUDY - RATS' PREFERENCE BETWEEN TWO 
RESPONSE OPTIONS REINFORCED WITH TWO DIFFERENT QUANTITIES OF 
FOOD 

Introduction 

The present study was designed to test whether reinforcement schedules of 1, and 
2, pellets of food sufficiently differ from each other, in terms of putative hedonistic 

value, to satisfy a basic condition of their use in a subsequent 2-choice experiment 

with rats. 

Method 

Subjects and housing 

The study, subjects were 12 (6 male; 6 female) Lister-hooded rats (Rattus 

norvegicus; Harlan UK Ltd., Bicester, UK), purchased at 3 months of age. They 
had previously been subjects in a choice-chamber experiment investigating 

preference for variable visual environments, and were 6 months old at the start of 
the present study. 

The rats, were housed in stable same-sex groups of three, in cages measuring 
56cm (L) x 34cm (W) x 19cm (H), with a 12: 12 hour lights on/off regime (lights off 
at 11am). The cages contained sawdust bedding (Lignocel), shredded paper for 
nesting, and an enrichment toy. They had ad libitum access to food (Eurodent Diet 
22%; LabDiet, Richmond, IN, USA) and water. 
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Apparatus 

Two operant chambers, of identical design, were used, in two different 

experimental rooms. The operant chamber measured 52cm (L) x 30cm (W) x 
35cm (H). Three of the walls and the floor were metal (the latter was covered with 
1 litre of sawdust bedding (Lignocel)), the long rear wall was Perspex, and wire 

mesh covered the ceiling. A food hopper was located centrally on the long metal 

wall (3.5cm above the floor), with a retractable lever on either side (4cm away from 

the side of the trough, 8cm above the floor). The chamber was illuminated with a 

1.12W white light bulb. A water bottle hung at the rear of the chamber. The house 

light, levers and pellet dispenser were manufactured by Coulbourn Instruments 

(Allentown, PA, USA), and were operated using their Winlinc software. The 

operant chamber and food hopper were custom-made. The hopper delivered 

Bioserv (Frenchtown, NJ, USA) Dustless Precision Pellets (45mg). 

Procedure 

All training and testing was conducted in the rats' dark phase. Each rat received 

one session per day, 5 days per week (Mon-Fri), always in the same experimental 

room. The rats were trained and tested in the same order each day. Lever 

position (left or right) and quantity of reinforcement (one or two pellets of food) 

contingencies were counterbalanced as far as possible across sex of subject, 

experimental room assignment, and order of training and testing. 

The chamber, including the hopper and levers, was sprayed with 70% ethanol 
solution and then wiped dry, and the floor was covered with fresh sawdust, prior to 

each rat's session. For a given rat, the two levers were physically swapped 
between sessions to control for any small, unintentional differences in design (e. g. 
lever length, force needed to depress the lever, etc. ) 

All rats received 5 sessions of magazine training. Each session started with the 

presentation of one lever (left or right position counterbalanced across CR-US 

contingencies, and alternated between sessions for a given rat) which, if pressed, 

resulted in the immediate delivery of one food pellet. if 10 lever presses were 
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made, the lever was retracted, and the other lever was presented and reinforced 

on the same schedule. This alternating pattern continued until the rat had made 60 

lever presses, or 60 minutes had elapsed, whichever first. In addition, regardless 

of any lever-pressing, a parallel schedule was in operation in which the active lever 

retracted for one second prior to the automatic delivery of one food pellet. For the 

first three sessions, this autoshaping procedure occurred every minute, for the final 

two sessions it occurred every 3 minutes. This magazine training procedure was 

based on Mattel & Meck (1999). 

In the final (5th) session of magazine-training, all rats made 60 lever-presses bar 

one. This male rat received two additional days of magazine-training, the first of 

which included hand-shaping, but still failed to make 60 lever-presses in the 

second session, and was excluded from the remainder of the experiment. 

Following magazine training, each rat underwent a series of quantity preference 

test sessions. Lever presses were now differentially reinforced: pressing one lever 

(e. g. the left) always delivered 2 pellets, pressing the other lever (e. g. the right) 
delivered 1 pellet (these positions were counterbalanced across rats, but the 

contingencies were the same across all sessions for each rat). The trials were 

arranged into 4 identical blocks in each session: 2 forced-choice trials followed by 

10 free-choice trials. 176 In a given session, the order of forced-choice trials 

alternated, so that presentation of the left lever was followed by presentation of the 

right in the next forced-choice trial. The identity of the lever in the first forced- 

choice trial was counterbalanced across rats, and for a given rat this alternated 
between sessions. In free-choice trials, both levers were presented. Following a 
lever press, all presented levers were retracted, and the appropriate number of 
food pellets was dispensed. Each session terminated after 48 lever presses had 

been made, or 60 minutes had elapsed, whichever came first. The inter-trial 

interval (ITI) was 60 seconds. 

76 The forced-choice trials, in which only one lever was presented, ensured the subjects were regularly exposed to both 
contingencies, and were additionally designed to counter any side preferences which may have emerged regardless of the 
reinforcement regime (Abeyesinghe et al., 2005). 
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Each rat received 8 of these sessions, and then a further 8 sessions in which the 

number of presses required to receive reinforcement on the 2-pellet lever 

increased from session-to-session in the following increments: 2,3,4,5,6,7,8,13. 

Results 

Preference test: food quantity 

All rats completed 48 trials in each session, except for one rat who completed 47 

on the first day (48 thereafter). Due to equipment malfunction, data for only 10 rats 

were available on Day 3 (n=11 for all other days). 

Figure 7.1 shows the mean percentage of free-choice trials in which a press on the 

2-pellet lever was made in each session. For each day a one-sample t-test was 

conducted on these means. Table 7.1 shows that the percentage of presses on 

the 2-pellet lever was significantly greater than 50% chance from Day 4 onwards. 
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Figure 7.1 Mean percentage of responses on the 2-pellet lever in free-choice trials (+/- 1 SEM). 
The Session names on the x-axis take the format of 'Session number: fixed ratio on 2-pellet lever. ' 
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Fixed ratio schedule 

p-value (2- 
Day 2-pellet lever 1-pellet lever t df tailed) 

1 1 1 2.146 10 0.057 

2 1 1 1.961 10 0.078 

3 1 1 2.137 9 0.061 

4 1 1 6.571 10 <0.001 ** 

5 1 1 8.644 10 <0.001 ** 

6 1 1 12.604 10 <0.001 ** 

7 1 1 13.832 10 <0.001 ** 

8 1 1 19.815 10 <0.001 ** 

9 2 1 17.402 10 <0.001 ** 

10 3 1 15.728 10 <0.001 ** 

11 4 1 9.695 10 <0.001 ** 

12 5 1 14.990 10 <0.001 ** 

13 6 1 6.928 10 <0.001 ** 

14 7 1 8.218 10 <0.001 

15 8 1 4.354 10 0.001 ** 

16 13 1 3.694 10 0.004 ** 

Table 7.1 Results from one-sample t-tests on the percentage of responses on the 2-pellet lever in 
free-choice trials. 

Discussion 

The results indicate that, when given a free choice, the rats chose a response 

which yielded two pellets of food significantly more often than a response (of equal 

cost) that yielded just one., This preference persisted after the cost (in terms of 

number of lever presses) of making the 2-pellet response increased 13-fold. 
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The present study was designed to test whether these unconditioned stimuli 

significantly differ from each other (in terms of putative hedonistic value) to satisfy 

a basic condition of their use in a subsequent 2-choice experiment, nominally 

measuring cognitive bias. This basic premise has therefore been satisfied. 
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APPENDIX B: DERIVING THE STANDARDISED SCALE OF SINGLE- 

FREQUENCY PROBE STIMULI 

For the contingency group trained to associate responding to 4kHz with delivery of 

two pellets of food (4kHz=2peIJ), the auditory stimuli presented in the single- 

frequency probe test sessions were log-transformed to create a standardised scale 

using the following formula (Bill Browne, personal communication): 

(Iog(x) - log(a) / log(b) - Tog(a)) +1 

where: a= 2000Hz; b= 4000Hz; x= the tonal frequency to be transformed. 

By adding a constant of "1", the resulting scale was easier to interpret with regard 
to reinforcer value, with the stimulus associated with one pellet of food (2kHz) 

having a value of "'I", and the stimulus associated with two pellets of food (4kHz) 

having a value of "2". 

For the other contingency group, trained to associate responding to a 2kHz tone 

with delivery of two pellets of food (2kHz=2pel1), the reference tonal stimuli (2kHz & 
4kHz) were again assigned a numerical value equivalent to the number of pellets 
associated with that stimulus (so, 2kHz = "2", and 4kHz = "1"), with the values 
corresponding to the other (probe) stimuli appearing at intervals equivalent to those 

separating the probe stimulus values in the 4kHz=2pell group, with respect to the 
Hertz value of the reference stimuli. So, the interval between "1" and the next 
probe value was greater when "1" represented 2kHz (as opposed to 4kHz). See 
Table 2.2 and Figure 2.10 for numerical and graphical representations of this scale, 
respectively. 
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APPENDIX C: ANALYSIS IN SPSS OF THE SINGLE-FREQUENCY PROBE 

SESSION DATA FROM CHAPTER 2 

Lever choice 

Method: fitting a probit function to model lever choice 

For the analysis of lever choice we conducted in SPSS, we performed a probit 

analysis (M. Bateson, personal communication) on some of the data, which fits a 

cumulative normal distribution function, and then analysed aspects of this function 

in repeated-measures ANOVAs. 

The term 'probit' was first coined by Bliss (1934) when developing statistical 
techniques to model and predict the amount of poison needed to kill insect pests, 
and this example illustrates the type of datasets probit analyses are often called 
upon to model: namely, the probability of a discrete event occurring (e. g. living as 

opposed to dying; pressing lever A as opposed to lever B; etc. ) over increasing 
levels of a given stimulus (e. g. Finney, 1971; Noru§is, 1999; Sokal & Rohlf, 1995); 
indeed, the technique has been used to analyse data from experimental paradigms 
similar to ours (Matheson et al., 2008). We used probit analyses to model the lever 

choice data from the nine probes intermediate to the two reference stimuli177, since 
responding to these tones is more likely, a priori, to be cumulative: from scant 
responding at one end (i. e. to the probe stimulus neighbouring the reference tone 
to which responses on that lever are not reinforced), graduating to the highest 
frequency of responding at the other. 

For each subject, the total number of presses on the lever associated with 2 pellets 
of food was taken for each of the probe values during each measurement phase 
(i. e. the count data were pooled for each subject across the three sessions in each 
measurement phase, with a maximum of 18 observations for each probe value, per 
subject, per measurement phase). These data were submitted to a probit analysis, 
with probe value (the standardised scale described on p. 71) specified as the 

177 As opposed to all the probe values - I. e. including those on the far-side of the reference tones as well. 
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covariate"8, and an assumed natural response rate of zero (i. e. the analysis 

assumed a lever press would not be made in the absence of a probe stimulus). 

We then submitted three different aspects of the resulting functions to repeated- 

measures general linear models (this procedure is somewhat similar to that 

employed by Matheson et al., 2008): 

" the probe value at which the probit analysis estimated a 0.5 probability of 

the lever being pressed"9; 

" the estimated probability of pressing the lever associated with 2 pellets of 

food for the intermediate-frequency probe value closest to the '2-pellet' 

reference tone; 

and the estimated probability of pressing the lever associated with 2 pellets 

of food for the intermediate-frequency probe value closest to the `1-pellet' 

reference tone. 

See Figure 7.2 and Figure 7.3 for the hypothesised difference in these functions for 

subjects responding in an 'optimistic' and 'pessimistic' manner. Whilst submitting a 

number of aspects of the same function to separate analyses heightens the risk of 

Type II errors, thröugh`a multiplicity of significance-testing (Grafen & Hails, 2002), it 

nonetheless allows us to gain a more comprehensive picture of any changes in the 

form of that function, and Indeed other experiments employing similar paradigms 
have found treatment-related differences only in certain values, of the probes 
Intermediate' to the reference stimuli, including those neighbouring the reference 
stimuli (Burman et aL.; 2008b; Harding et al;; 2004). 

As Is usual In probst analyses (e. g. Norubs, 1099), the covartate was log-transformed prior to the analysis' J. e" the probe 
value scale has undergone an Initial log-transformation to account for the psychophysical character of the stimuli. then a 

second log-transformation to map the distribution of responses in a manner the probit can better model. 
11 One could calf this the point of probable bisection (e. g. Church & Deluty, 1977), or bias (Matheson et al., 2008). 
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Figure 7.2 Schematic diagram illustrating the point of bisection (i. e. the probe value at which the 
probability of pressing one or other of the levers is 0.5) when responding in an 'optimistic' (blue 
curve), or 'pessimistic' (red curve), manner. Note, the probe value at the point of bisection is closer 
to the '1-pellet' reference tone when responding in an 'optimistic' manner than it is when responding 
in a 'pessimistic' manner. 
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Figure 7.3 As Figure 7.2, but charting the hypothesised change in the probability of pressing the 
lever associated with 2 pellets of food for the probe value closest to the '1-pellet' reference tone 
(x, ), and for the probe value closest to the '2-pellet' reference tone (x2). 

Results: probit analysis & repeated measures anova 

Firstly, the probe value at which the probit analysis estimated a 0.5 probability of 
the lever being pressed was compared in a repeated-measures GLM, with 

measurement phase as the within-subject factor, and contingency and treatment 

as the between-subject factors. This found no significant main effect of 

measurement phase (F1112=0.570, p=0.465) nor treatment (F1,12=0.178, p=0.680), 

although contingency was significant (F1,12=9.447, p=0.010), with the point of 
bisection for the 2kHz=2pell group closer to the `2-pellet' reference tone (i. e. a bias 

towards 'pessimism': see Figure 7.2). The two-way interactions between 

measurement phase and treatment (F1,12=2.835, p=0.118), and contingency and 
treatment (F1112=2.832, p=0.118) were not significant, whilst the two-way interaction 

between measurement phase and contingency (F1,12=4.875, p=0.047), and the 
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interaction between all three factors (F,, 12=5.511, p=0.037) were significant. See 

Figure 7.4 for a plot of the probe values at which there was 0.5 probability of 

pressing the lever against measurement phase, by treatment, and Figure 7.5 for a 

further subdivision of the treatment groups into contingency. As Figure 7.4 

indicates, the point of bisection shifts in an `optimistic' direction across 

measurement phase for the UHT group, and in a `pessimistic' direction for the 

Control group. From Figure 7.5 it can be seen that a subgroup of rats in the 

Control group, namely those in the 2kHz=2pell contingency group, seem 

responsible for this shift in this treatment group's mean. 
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Figure 7.4 The mean probe value (a standardised scale in which '1' is the reference tone 
associated with 1 pellet of food, and '2' is the reference tone associated with 2 pellets of food) at 
which the probability of pressing the lever associated with 2 pellets of food was estimated as 0.5 by 
a probit analysis. The chart plots the means for each treatment group, across measurement phase 
(where Phase 1 is 'baseline' (i. e. pre-treatment for the UHT group), and Phase 2 is 19 days post- 
treatment for the UHT group; +/- 1 SEM). As Figure 7.2 illustrates, the closer to '1' this value is, the 
more 'optimistic' the style of responding. 
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Figure 7.5 As Figure 7.4, but plotting the means for each treatment/ contingency group. 

In addition, the estimated probability of pressing the lever associated with 2 pellets 

of food for the intermediate-frequency probe values at each far end of the scale 

(i. e. those nearest the two reference tones) was also analysed using the same 

repeated-measures model. For the probe value closest to the `2-pellet' reference 

tone 180, there was no significant main effect of measurement phase (F1,12=1.066, 

p=0.322), treatment (F1,12=0.036, p=0.852), nor contingency (F,, 12=1.845, p=0.199) 

on the probability of pressing the lever associated with 2 pellets of food. The 

interactions between contingency and treatment (F,, 12=0.207, p=0.657), 

measurement phase and contingency (F,, 12=0.428, p=0.525), and all three factors 

(F1,12=0.002, p=0.966) were not significant, whilst the two-way interaction between 

measurement phase and treatment (F1,12=7.795, p=0.016) was significant. As 

Figure 7.6 indicates, the probability of pressing the lever associated with 2 pellets 

180 N. B. all assumptions of the GLM were met, bar the variances of the residuals from Phase 2, which failed a formal test of 
homogeneity (Levene's: p<0.001). Inspection of the residual plots indicated that the variance was particularly large for one 
of the contingency/ treatment subgroups, which had middling predicted values. Homogeneity could not be achieved to the 
formal test's satisfaction using any of the transformations we explored. However, when the analysis was run again, without 
contingency as a factor, and all assumptions of the GLM satisfied, the significant measurement phase*treatment interaction 
remained (F1 114=8.779, p=0.010): i. e. the significant finding quoted in the text appears to be robust. 
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of food when presented with the probe value closest to the `2-pellet' reference tone 

decreased (in a `pessimistic' direction: see Figure 7.3) across measurement phase 
for the Control group, and increased (in an `optimistic' direction) across 

measurement phase for the UHT group. Figure 7.7 plots this data further 

subdivided into contingency. 
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Figure 7.6 The mean probability of pressing the lever associated with 2 pellets of food when 
presented with the probe value closest to the '2-pellet' reference tone, for each treatment group, 
across measurement phase (where Phase 1 is 'baseline' (i. e. pre-treatment for the UHT group), and 
Phase 2 is 19 days post-treatment for the UHT group; +/- 1 SEM). 
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Figure 7.7 As Figure 7.6, but plotting the means for each treatment/ contingency group. 

For the probe value closest to the `1-pellet' reference tone181, there was no 

significant main effect of measurement phase (F1,12=0.055, p=0.819), nor treatment 

(Fi, 12=0.094, p=0.764) on the (arc-sine-square-root-transformed) probability of 

pressing the lever associated with 2 pellets of food, although contingency 

(F1 12=24.705, p<0.001) was highly-significant, with a lower probability of the 

2kHz=2pell pressing the lever associated with 2 pellet of food (i. e. a bias towards 

`pessimism'). The interactions between contingency and treatment (F1,12=2.465, 

p=0.142), and measurement phase and treatment (F1,12=0.083, p=0.778), were not 

significant, whilst the interactions between measurement phase and contingency 

81 N. B. as before, all assumptions of the GLM were met, bar the variances of the residuals from Phase 1, which failed a 
formal test of homogeneity (Levene's: p<0.001). Again, inspection of the residual plots indicated that the variance was 
particularly large for the middling predicted values. Whilst homogeneity was not achieved to the formal test's satisfaction by 
the transformation we chose, the residual plots were, to our eyes, improved. Otherwise, when the analysis was run again, 
with contingency as the only between-subjects factor (and all assumptions of the GLM satisfied - we used a square-root 
transformation), the significant main effect of contingency remained (F1114=24.410, p<0.001), although the interaction 
between contingency and measurement phase was not significant (F1114=3.882, p=0.069). This indicates either that the 
heteroscedasticity present in the analysis described in the text has biased its outcome, and/or that the variance associated 
with treatment needs to be factored into the analysis for the interaction between contingency and measurement phase to be 
significant. There are grounds, then, to question the exact significance level of the three-way interaction between 
measurement phase, treatment and contingency, however, at p=0.008, this level is high, and Figure 7.9 suggests that this 
finding is reasonable, and rather likely. 
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(F1,12=6.259, p=0.028), and between all three factors (F1,12=10.080, p=0.008) were 

significant. As Figure 7.8 indicates, the probability of pressing the lever associated 

with 2 pellets of food when presented with the probe value closest to the `1-pellet' 

reference tone changes little across measurement phase for each treatment group; 
however, as Figure 7.9 indicates, there is a marked difference across 

measurement phase for the different contingency subgroups within the Control 

group, with the Control / 2kHz=2pell subgroup shifting in a 'pessimistic' direction, 

and the Control/ 4kHz=2pell rats shifting in an 'optimistic' direction. 
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Figure 7.8 The mean probability of pressing the lever associated with 2 pellets of food when 
presented with the probe value closest to the '1-pellet' reference tone, for each treatment group, 
across measurement phase (+/-1 SEM). 
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Figure 7.9 As Figure 7.8, but plotting the means for each treatment/ contingency group. 

Latency 

The (negative inverse-transformed 182) latency to make any lever-press response 
(i. e. press either lever, regardless of that lever's identity) across all probe trials was 

analysed in a repeated-measures GLM, with measurement phase as the within- 

subject factor, and contingency and treatment as the between-subject factors. This 

found no significant main effects nor interactions, although treatment neared 

significance at the 0.05 level (measurement phase: F1,12=1.139, p=0.307; 
treatment: F1 

, 12=4.333, p=0.059; contingency: F1,12<0.001, p=0.997; measurement 

phase * treatment: F1,12=2.030, p=0.180; measurement phase * contingency: 
F1,12=3.008, p=0.108; treatment * contingency: F1,12=0.153, p=0.703; measurement 

phase * contingency * treatment: F1,12=0.191, p=0.670). Figure 7.10, which plots 
the mean latency to press any lever in the probe trials of the single-frequency test 

182 i. e. -1/x (the minus sign preserves the order of the datapoints, which are otherwise reversed in an inverse transformation 
of 1/x) (e. g. Grafen & Hails, 2002). 
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sessions, illustrates why the main effect of treatment neared significance, with the 

Control group consistently slower to make a lever-press response. 
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Figure 7.10 The mean latency (in seconds) to press any lever in the probe trials of the single- 
frequency test sessions, by treatment group across measurement phase (+/- 1 SEM). 

Additional analyses were conducted on the latency to press each different lever 

(i. e. as a function of whether it was associated with 1 or 2 pellets of food). The 

(log-transformed) latency to press the lever associated with 1 pellet of food across 

all single-frequency probe trials was analysed using the same repeated-measures 

model; this found no significant main effect nor interactions, although the two-way 

interaction between measurement phase and contingency neared significance at 

the 0.05 level (measurement phase: Fß, 12=0.223, p=0.645; treatment: F, 12=0.378, 

p=0.126; contingency: F,, 12=1.079, p=0.319; measurement phase * treatment: 

F1112=2.656, p=0.129; measurement phase * contingency: F1,12=4.720, p=0.051; 

treatment * contingency: F,, 12=0.872, p=0.369; measurement phase * contingency 

* treatment: F,, 1 2=1.361, p=0.266). Figure 7.11 plots the mean latency to press the 

lever associated with 1 pellet of food for each of the treatment groups across 

measurement phase, whilst Figure 7.12 plots this data by contingency group. 
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Figure 7.11 The mean latency (in seconds) to press the lever associated with 1 pellet of food in the 
probe trials of the single-frequency test sessions, by treatment group across measurement phase 
(+/- 1SEM). 
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Figure 7.12 The mean latency (in seconds) to press the lever associated with 1 pellet of food in the 
probe trials of the single-frequency test sessions, by contingency group across measurement phase 
(+/- 1SEM). 

The (negative inverse-transformed) latency to press the lever associated with 2 

pellets of food across all probe trials was also analysed using the same repeated- 

measures model. Again, this found no significant main effects nor interactions 

(measurement phase: F1,12=2.996, p=0.109; treatment: F1.12=3.566, p=0.083; 

contingency: F1,12=1.285, p=0.279; measurement phase * treatment: F1.12=1.658, 

p=0.222; measurement phase * contingency: F1112=2.803, p=0.120; treatment * 

contingency: F1,12=0.003, p=0.959; measurement phase * contingency * treatment: 

F1,12=0.022, p=0.883). Figure 7.13 plots the mean latency to press the lever 

associated with 2 pellets of food for each treatment group across measurement 

phase. 
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Figure 7.13 The mean latency (in seconds) to press the lever associated with 2 pellet of food in the 
probe trials of the single-frequency test sessions, by treatment group across measurement phase 
(+/- 1SEM). 
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APPENDIX D: SUPPLEMENTARY RESULTS 

2-pell 1-vi- oll (1=pre`s) Billolllial(ConstaiitýJ, 
10ý`lt(:. 

ý1) 
ß01C 1o11stant 

IýOj =0 131,31 U U94 ß-U01 

LU 01l 
-, " N(0, c2u) . L-2� = [0 135(0.050)] 

1 VOM( '-pell 1--r on (1=pi e )ý1ý ýý1) _; J(1 - ;; ý) 
Coii twit, 

Equation 7.1 The coefficients estimated by MLwiN, with their standard error (in brackets), for a 
simple 'random intercepts' model. ßo is the coefficient of the intercept. The dependent (y) variable 
is a press (=1) or not (=0) on the lever associated with 2 pellets of food. 
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C'oii týuit, 

a 

Equation 7.2 The coefficients estimated by MLwiN, with their standard error (in brackets), for a 
simple 'random slope' model. B, is the coefficient of the added term, which is the standardised log 
scale for probe value. 
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Equation 7.3 The coefficient estimates generated by MLwiN for the specified model. Here, the 
'slope' terms (ß, ß2 & (33) are the probe stimuli values, standardised around the quantity of food 
reinforcer, fitted up to a cubic power. 
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Equation 7.4 The coefficient estimates generated by MLwiN for the specified model (modelling 
data from both measurement phases). 
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Equation 7.5 The coefficient estimates generated by MLwiN for the specified model (modelling data 
from both measurement phases). 
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Equation 7.6 The coefficient estimates generated by MLwiN for the specified model (modelling data 
from both measurement phases). 
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Equation 7.7 The coefficient estimates generated by MLwiN for the specified model (modelling data 
from both measurement phases). 
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Equation 7.8 The coefficient estimates generated by MLwiN for the specified model (modelling data 
from both measurement phases). 
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Equation 7.9 The coefficient estimates generated by MLwiN for the specified model (modelling data 
from both measurement phases). 
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Ordered 
Subgroup 

Observed 
(0) 

Expected (E) 
(i. e. predicted from 

model) 

2 (O-E) (O-E )2 / 
E 

1 104 94.59 88.61 0.94 
2 154 145.39 74.07 0.51 
3 199 217.68 348.89 1.60 
4 300 302.85 8.15 0.03 
5 399 422.35 544.99 1.29 
6 590 569.62 415.16 0.73 
7 654 653.21 0.62 0.00 
8 698 694.85 9.90 0.01 
9 726 725.77 0.05 0.00 

10 776 775.43 0.32 0.00 
2 statistic: 5.11 

d. f. 10 
0.884 

Table 7.2 Calculations pertaining to the Hosmer-Lemeshow goodness-of-fit test of the model 
specified in Equation 7.9; the 'Observed' and 'Expected' refer to the number of presses on the lever 
associated with 2 pellets of food, and the subgroups are ordered with respect to the 'Expected' 
values (with subgroup 1 having the lowest expected values, and subgroup 10 the greatest, with a 
roughly equal number of trials in each subgroup). 
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Figure 7.14 Plot of the 'Observed' and 'Expected' number of presses on the lever associated with 2 pellets of food, across the ordered subgroups (see Table 7.2). 
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Appendices 

2-pell I -VT on (lýress)v- Binomial(Constant .r v) 
logit(r,, ) -p Constant +p, Stwd u-d log scale, +ß Stwdvd log scale cpuadratic0+-6.063(0 $15)Stwdv-d log scale cubic, ) 
ß -0.36S(0.137)+u(, 

ßV =-t. 959(0.2S9) +u. 

Q4 --0 530(0. -54) +u2. 

u4 0 258(0.106) 

, IV -N(0' )' ý+a 
-0.324(0.145) 0.621(0.273) 

u24, -0.48 (0.290) 0.937(0.470) 2.611(1.157) 

V ; U. (. 1-pell hr ou (1 press) rý) - TJ(1 - r, 1)'Coustaat 

Equation 7.10 As Equation 7.3, but only modelling those lever presses made in phase I (i. e. at 
baseline). 
2-pell l\T on (1-press),, - Binomial(Coustaººt(r ) 

Iocit( ) -ß Constant +R, Stwdvd log scaled +ß t uidvd log scale cpºa(h-aticq +-5.797(O 4S3)Stwdard log scale cubic,, 

ß -0.319(0.145)+u,, 
ßV =4.769(0.239) +u V 
ßý x"1.054(0.432) +u7 

ua 0 294(0.119) 
uý ýx(o, )` 

-0.2 0 (0.128) 0. ßn(0.198) 

-0.635(0.312) 0.912(0.395) 2.341(1.052) u 

v v(2-pell Irr on (1-press)») - 41 - -Tq)/Coustanty 

Equation 7.11 As Equation 7.3, but only modelling those lever presses made in phase 2. 
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Appendices 

2-pell hr on (1-press)a- Bmonual(Constante. rv) 
logd(. %)-ß4Coastaat+Q0StaacI dlogscale, +QuStaudardlogscalequadsahcs+-6409(1112)Standaadlog scale cubic,, +0154(0.248)4kHz-2peltt+ 
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0 520(0 6S0)Phase2. Stauda dlog scale quack aticd +-1 S99(1 561)Phase2. Sta ula d log scale cubics + 1933(0 76')U Hf. Staudv d log scales + 
2 22'(0 891)LTHT. Stwdv'd log scale quadratic,, + -3 540(1 652)iVHT. Staud; n'd log scale cubicg+ 

-2 399(0 858)4kHz-2pell Pbase2 Stwdv d log scaled + -0.231(0 962)4kHz2pell Phase2 Staudaad log scale quad: atics+ 
1455(2 16S)4kHz-2pell Pbase2 St: mdai d log scale cubic9 + -3 919(1.023)4kHz-2pell VHT Staucht d log scales + 

-1 871(1.247)4kHz 2pell UH 1' Staaid2s d log scale quadratic, +6 674(2 213 )tküz2pell L'HT. Standard log scale cubicn + 

-1 656(0.927)Phase2 LT11T. Standm d log scale, +-1983(0 991 )Phase2 t HT Standard log scale quads atic9 + 
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00-13(0.0"9) 0 308(0.159) 0 617(0 333) 

hT on (1-Pi ese) J)- 41- go)'Connst ntt 

Equation 7.12 The coefficient estimates generated by MLwiN for the specified model (modelling 
data from both measurement phases). 

Parameter Coefficient Wald Df P 
estimate (with SE) (X2) 

Contingency*measurement Fixed 4.360 (1.230) 12.564 1 <0.001 ** 
phase *treatment*probe 

value 
Contingency*measurement Fixed 0.843 (1.374) 0.376 1 0.540 
phase*treatment* (Probe 

value)2 
Contingency*measurement Fixed -8.932 (3.102) 8.290 1 0.004 
phase *treatment* (Probe 

value 3 

Table 7.3 The coefficient estimates, with standard error, of certain fixed parts of the model, 
together with Wald test statistics and their significance (from the model specified in Equation 7.12, 
in the Appendix). 
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Figure 7.15 The probability of pressing the lever associated with 2 pellets of food (as opposed to 
the lever associated with 1 pellet of food) across different values of the probe stimuli (a 
standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food), by measurement 
phase / treatment / contingency group. These predicted lines were generated from the model and 
estimates in Equation 7.12. 
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Figure 7.16 As Figure 7.15, but with kHz on the x-axis. 
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Equation 7.13 The coefficient estimates generated by MLwiN for the specified model (modelling 
data from both measurement phases). 
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Equation 7.14 The coefficient estimates generated by MLwiN for the specified model, modelling 
only those lever presses occurring within three seconds. 
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Parameter Coefficient 
estimate (with SE) 

Wald 
(X2) 

Df P 

Intercept Random at 
subject level 

0.079 (0.036) 4.849 1 0.028 * 

Probe value Random at 
subject level 

0.226 (0.106) 4.541 1 0.033 * 

Fixed 6.506 (0.301) 468.214 1 <0.001 ** 

(Probe value) Fixed 0.756 (0.397) 3.631 1 0.057 

(Probe value)3 Fixed -8.407 (0.618) 185.155 1 <0.001 ** 

Contingency Fixed 0.342 (0.225) 2.297 1 0.130 

Contingency*Probe value Fixed -2.360 (0.403) 34.281 1 <0.001 ** 

Contingency*(Probe 
value)2 

Fixed -2.718 (0.548) 24.586 1 <0.001 ** 

Contingency*(Probe 
value)3 

Fixed 3.461 (0.822) 17.725 1 <0.001 ** 

Measurement phase Fixed -0.776 (0.120) 42.105 1 <0.001 ** 

Measurement phase 
*Contingency 

Fixed 0.879 (0.160) 30.366 1 <0.001 

Treatment Fixed -0.626 (0.220) 8.094 1 0.004 ** 

Treatment*Contingency Fixed 0.587 (0.292) 4.030 1 0.047 

Treatment*Measurement 
phase 

Fixed 0.848 (0.167) 25.654 1 <0.001 ** 

Treatment*Contingency 
*Measurement phase 

Fixed -0.901 (0.224) 16.161 1 <0.001 ** 

Table 7.4 The coefficient estimates, with standard error, of fixed and random parts of the model 
(modelling only those lever responses made within 3 seconds), together with Wald test statistics 
and their significance (from the model specified in Equation 7.14, in the Appendix). 
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Figure 7.17 The probability of pressing the lever associated with 2 pellets of food (as opposed to 
the lever associated with 1 pellet of food) across different values of the probe stimuli (a 
standardised scale, with 1.0 corresponding to the reference tone associated with 1 pellet of food, 
and 2.0 corresponding to the reference tone associated with 2 pellets of food), by measurement 
phase / treatment / contingency group. These predicted lines were generated from the model and 
estimates in Equation 7.14; only those lever responses recorded withing 3 seconds are included. 

Figure 7.18 As Figure 7.17, but with kHz on the x-axis. 
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Appendices 

2-pell hT on (1-pr' ss)v- Bwoaiel(Coustvdr %) 

logfit( ) ßgCousl ud +ß Stvndmd log scaled +ßStaIIdvd log scale spud, aticv +-8 A 12(0 619)Stwd: rd log scale cubic +0 36x(0 22 7)4kHzz2pell, + 

-2.354(0.403)4kHz 2pell. Stand. u d log scale , +-2'43(0 558)4kHz-2pell Stauch d log scale qua b ahcr + 

3 565(0.823)4kHz-2pell. Standm-d log scale cubicg +-0.783(0 120)Pbose28 +0 868(0 160)Pbasc2 4kHZ-2pelln +-0 591(0.223)LTHTi + 

0 555(0 295)LIITf. 4kHz-2pe111 +0.850(0 168)LTIiT Pbase28+-0 8'5(0 225)LTI1T. 411izý: pell Plmve2 +0 19'(0 053)1£deucy (secs)4, 

ß0, -0.344(0.167)+ud 
ßv -6.543(0.301) +u v 
ß -0. '28(0.404)+uy 

uq 0.081(0 or) 
NO, 06) : rL - -0 094(0.050) 0 225(0.106) 

uA -0 042(0 086) 0.403(0 173) 0 702(0.37_) 

hr on (1-Press), ) - Zs(1- pro)/Coustvitg 

Equation 7.15 The coefficient estimates generated by MLwiN for the specified model, modelling 
only those lever presses occurring within three seconds. 

2-pell hr ou (1-0 ess)9- Bwowial(Coustaut. ') 
- 

logit(, ) mß Conutait +QuStanda d log scale, + psteudvd log scale quad atCV +-8 257(0 649)Stwdw d log scale cubic, +0 362(0 227)4kHL-2pell1 + 

-2 425(0.430)4kHiz=2pell. Staudard log scale, +. 2 873(0 636)4kHz 2pell Stande d log scale quacb nhc9 + 

3 502(0 858)4kHz=2pell Stand a: d log scale cubic, + -0 726(0 122)Pbase2e +0 803(0 l63 )PInse2.4LHz-2pell9 + -0 726(0.215 )P11T + 
0.536(0.285 )LTHT 4kHz=2petl1 + 0.772(0.171)LURT Pluace2a +. 0.732(0 229)Lhif 4kH 2pell Phase28 +0 062(0 068)LNeucy (sece)9 + 

-2.915(0.234)Lateucy (secs). Stvtd: rd log scaled +0.291(0 241)Latency (secs). Stand: u d log scale qua(h atic9, + 

3 243(0.314)Lateucy (secs) Standard log scale cubic, 
Qq-0394(0.167)+uq, - 
/Jp 6 689(0.321) +u4 

. 
64 -0.580(0.462) +u4 

9 0085(0038) 
N(0, c) ' 

-0.128(0 060) 0.292(0.134) 

ua -0 008(0 100) 0.169(0 187) 1 033(0 502) 

hT on (1press)jj) - zv(i " ny)IConstvdu 

Equation 7.16 The coefficient estimates generated by MLwiN for the specified model, modelling 
only those lever presses occurring within three seconds. 

2-pell hT on (1=preae)v- Biuomial(Conatai4 go) 
logic( ) =ß Couetand +Q, Stand vd log scalee +ß,, Staudv d log scale quadratic, + -8 124(0 370)Stand u"d log scale cubic, +0 265(0.135)4kHz=2pell1 + 

-2 034(0.411)4kHz=2pell. Stauda rd log scale, +-2.672(0 349)4kIiz-3pell Stmidard log scale quacb'aticg + 
3341(0,770)4kilz=2pell. Staud. udlog scale cubic, +-0612(0.107)PLase2q+0. ', "06(0.148)Phase241J .z 

2pelly+-0.542(0120)LUHI + 
0 618(0 164)LTW. 4kHz=2pell1 +0 672(0.135)LTHT P6ase2#+ -0642(0 211)LTHI'. 4kHr2pell Phasen +0 008(0.003)Lateucy (seta)e + 
0 834(0.063); 

Qý=0099(0.103)+u 

ýf0 =6 009(0.302) +u 0 
Q4=0921(0.391)+u7, 

uý 0012(0.012) 
-N(0, -0059(0031) 0.303(0131) 

1[y -0079(0.058) 0387(o. 183) 0.729(037,0) 

IST on (IPI t6BýýI1fý)' Aß(1 "Z Yco scant 

Equation 7.17 The coefficient estimates generated by MLwiN for the specified model, modelling , lever presses of all latencies. 
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Appendices 

2-pell hT on (1-press), - Biuouual(Con. tant0, ) 

logfit(, ) _ßCVCouslvd +pOStaudaid log scaled +p Staudaid log scale cpuath-aticd+-8.29S(0 651)St utd. -u-d log scale cubic +0.319(0 151)3kHz=2pellj + 

-2.453(0425)3kHz=2pell. Standard logscales+-2856(0644)dkHz 2pell. Stwdardlogscalequad, ahce+ 
3558(0858)4k1lz 2pell. Standard logscalecubic, +-0732(0122)Phase20+0.812(0.163)Phase2.4kHz-2pell8+-0! 94(0145)U1f, + 

0623(0.192)UTHT. 4LHz=2pell+0'1"(0171)tTHT. Phase29+-0 '59(0229)V 
. 
4LH 2pell. Phase28+0035(006')Lateucy(secs), + 

-2 893(0 234)Lateucy (secs) Stand. v-d log scale, +0 304(0 240)Lateucy (secs) Standard log scale quad, ahc8 + 

3 214(0.513)Latency (secs) St: uidard log scale cubic, + 0.454(0.0'6IPJ 

Qq 0 106(0 118) +u8 
p8 = 6.702(0.318) +u 

ýý=0600(0467)+uA, 

0015(0014) 
N(0. 

-0.059(0 033) 0 2778(0 129) 

uA -0.05'(0 066) 0 ISO(0 187) 1 075(0 317) 

Ivar(2-pell Ihr ou (hyi ess) J rV) _ ZV(1 - ff) Cou$a tU 

Equation 7.18 The coefficient estimates generated by MLwiN for the specified model, modelling 
only those lever presses occurring within three seconds. 

2-pell hr on(1press)0- Btuouual(Coust: mt0, ') 
logd(, ) =ßyConstat +ß Stand ud log scales + ay, Stendard log scale cpuadi atic0 +-8 125(0 5'0)Staudi-d log scale cubic,, +0 261(0.131)4kHz-2pel11 + 

-2.041(0 411)4kHzz2pe11. Staadvd log scales + -2 6'0(0 551)4kHz2pell. St: mdard log scale quads ahcn + 
3.358(0 770)4kHzz2pell Standard log scale cubic, +-0 6'2(0.107)Phase20 +0'06(0.138)Pbase2.4kllzz2pell +-0 548(0 118)LT1IT + 
0625(0161)U TT. 4kHz2pell1+06'2(01S3)UUTPbase2q+-0642(0211)LTHT. 4kHz-2pellP6ase20+0008(0003)Lnteury(secs)0+ 

0597(0086)1 +0.099(0.084)B1+-0137(0121)RBl 

p0 -0.056(0 108) +u0 

fly -6013(0.302)+uv 

. 
64- 0 922(0 392) +u4 

u4 0009(0 011) 
N(0" 

-0 038(0 030) 0.305(0.131) 

-0.070(0 055) 0.390(0 135) 0.737(0.374) 

hrou(1'Pless)J )- (1-r. ý)`Coustvdý 

Equation 7.19 The coefficient estimates generated by MLwiN for the specified model, modelling lever presses of all latencies. 
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Appendices 

2-pell hT on (1-press)8- Bwouunl(Coualade, ') 

logit(, ) -p Coustwt +ß Stwdad log scales +ßyStaudad log scale qua46 atic8+-8 299(0 651)St: nda"d log scale cubicd +0 300(0 144)4kHz-2pe11f+ 

-2.450(0 427)4{1z2pell. Staudvd log scale, +-2 843(0 643)4kHzz2pell Stwadad log scale mta bat1ce + 

3549(0838)4kHz2pe1)Staud: udlog scale cubic , +-0732(0122)PLase28+0811(0163) Pbase24k1iz-2pell8+-0566(0140)1 + 

0663(0 188)LTHT 4kHz-2pel; +0 77'(0 171)thff Phase28+-0'59(0 229)tTi1T. 4kHr2pell Phase2s +0060(0 068)Ldency (secs), + 

-2.893(0 234)Lateucy (secs). Standard log scale,, +0286(0241 )Lateucy (secs). St u dard log scale quactahc,, + 

3221(0.513)Latency(secs). St: uidasdlog scale cubic,, +013'(0106)R +0115(0104)B, +-0122(0149)RBA 

ßq -0 023(0.125) +uq, 

ßy-6701. (0319)+u8 

AV -0 603(0 466) + u,, 

uq 0009(0011) 
N(0, Q) : f? 

�- -0 036(0.029) 0 284(0 131) 

-0033(0062) 0183(0188) 1064(0514) 

hTon(1'piese)A, )-V 1-, Tv )/Cas1ant 

Equation 7.20 The coefficient estimates generated by MLwiN for the specified model, modelling 
lever presses of all latencies. 

Latency,, = -1.364(0.005) + e;, 

e, 1 N(0, (; ¢) G¢ = 0.247(0.004) 

-2 *Ioglikelihood 12423.940(8619 of 8619 cases in use) 
Equation 7.21 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Latency� = ßo1 + e� 

ßoj _ -1.364(0.052) + uoý 

uo1 , N(0,62 o) auo =0.0.13(0.015) 

e N(0,6e) 6¢ = 0.204(0.003) 

-2*loglikelihood =10839.530(8619 of 8619 cases in use) 
Equation 7.22 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Latency, m Gw +-0.150(0 035)Stvadvd log scale, + 0.289(0 026)Stauda"d log scale quack atlca +0.225(0 039)Staud: u"d log scale cubic, + e. 

p --1.421(0033)+uq 

uoj-N(0, ago) ago°0014(0.015) 
eý N(0, a; ) a; = 0.200(0.003) 

-2 loglikelthood =10663.090(8619 of 8619 cases in ºwe) 

Equation 7.23 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Latencyl = Qoj + Qotwdard log scale, + Q2, Stvidard log scale quadratic, + 0.26 7 (0.06-l)Stuidard log scale cubic, + eu 

Q, v =-1.410(0.052) +u,, 

ß1j --0.161(0.042) +uU 

Q21 -0.242(0.042) +u 

[0 043(0.015) 

U -N(0, flu) : Q. - -0.006(0.007) 0.018(0.007) u 
u2 0.000(0.009) -0.002(0.006) 0.017(0.010) 

eý N(0, a; ) a; = 0.196(0.003) 

-2 *loglikelihood = 10544.000(8619 of 8619 cases in use) 

Equation 7.24 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

; ucye-Qo, +ß Stwd: u-dlogscale0+p Staud: udlogscalequadtatic, +0.360(0066)St: mdvrdlog scale cubic, +00'6(0.011)ZpellhTpresrq+etl 

--1 453(0 053) +u(V 

--0.236(0 043) +u. 

-0 255(0 045) +u7i 

[.. 00 43(0 015) 
ý N(0. CZ, ) :Q-0 003(0 00') 0 01'(0 00 7) 
4 
"0 

001(0.009) -0 002(0.006) 0 021(0 011 ) 

-N(0, a; ) a; 0 195(0 003) 

'loglikelihood - 10500.380(8619 of 8619 cases in use) 

Equation 7.25 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Latency, -, 6, j + QOStwdard log scale,, + Q, St uid: u d log scale cpIadl-atice + -0.33(0 092 )Staud: u d log scale cubic, +0 03"(0 01! ). pell hT pi essa + 

-0.944(0 052)2pell hr piese Standard log scale,, +0.130(0 056)2pell 1w pi ess. Staudar d log scale cpiacb ahce + 
0.998(0 120)2pell 1w press. Staudm-d log scale cubicd+e, 

Qq --1.388(0 052) +uq 

, 
all- 0.3 17(0.048) +u 

ßy -0.313(0.050) +u 

uq 0.042(0 015) 

NO. R, ) : (L` -0 005(0 006) 0 012(0 005) 
-0 002(0 008) 0 003(0.005) 0.014(0.009) 

N(0, aý rj -0 183(0 003) 

Rltkelihood - 9960.326(8619 of 8619 cases in use) 

Equation 7.26 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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racy - Qv + QOStaudv d log scale,, +ß St. undu'd log scale quack aticd + -0 33'x(0 092)St uad ud log scale cubic, +0 037(0.015)Ipell IST presst + 

-0 941(0.052)2pell hT press Staudxd log scale, +0 130(0 056)Ipell hT press Standard log scale quack ahca + 

0 998(0 120)2pell hT press Stsndv d log scale cubic, +-0 004(0 100)4kHz-2pe11, + es 

--1.386(0 072) +uq 

-0317(0049)+uu 
-0.313(0 050) +u 79 

uq 0 0; 2(0.01! ) 
NO, Q) : Q4- 

-0005(0.006) 0012(0005) 

u, -0 002(0 008) 0 003(0 003) 0 014(0 009) 

- N(0, a, ) a; -0 183(0 003 ) 

*loglikelihood - 9960.324(8619 of 8619 cases in use) 

Equation 7.27 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
Lateucy6 - Qv +. C Staudaa d log scale0 +ßStauda d log scale quack atic0 + -0 258(0 133 )Sta, tda d log scale cubic +0 105(0 022 )2pell Ii pi esse + 

-1.249(0 083)2pell 1w press St aidai d log scale6 +0 136(0 098)Zpell h'r pt ess. Stvtderd log scale qua b ahc6 + 

1 137(0.213)_pell hr press Staanda id log scale cubic,, +0 034(0.103)4kHz'2pell, +-0 206(0 101)4l. Hr2pell Standard log scaler + 

-0 220(0.11»lkHz-2pell Standard log scale quads Vtca +-0 20'(0 213)4kHzz2pell. Statda"d log scale cubic, + 

-0 176(0.032)4kHr2pell 2pell hr presse +0 646(0 113)4kHz-2pell 2pell hr press Stivdl: u d log scale, + 

0.234(0 139)4küzzZpell. 2pell her pi ess. Standard log scale qua(6 ahc6 + -0 381(0 294)4kHzr2pell 2pell hr press. Standard log scale cubicn + ee 
Qq 1407(0 072) +uq 
ß6 0304(0075)+uq 

Q, j -0.313(0066)+u,, 

0040(0 014) 

tty ýN(O, () (ý 
-0005(0006) 0011(0004) 

-0 003(0 007) 0 004(0 004) 0 011(0 007) 

6; ) 6; -0 180(0 003 ) 
rkhood - 9814 120(8619 of 8619 cases in use) 

Equation 7.28 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Lateucye - +ß Standwd log scale,, +p $ta<ndvd log scale quads aticg +-0 237(0.133 )Stand id log scale cubic, +0.106(0 022)2pell hT presse + 

-1 249(0.085 )2pell for pi eaa. Standard log scaler + 0.13'(0 098)2pell lvr press Standas d log scale quadratic,, + 
1 138(0.213)2pell Ivr preee. Staudv d log scale cubicI +0 085(0 103)4kHz. 2pe113 + -0 205(0 101)4kHz-2pell Standsud log acaley + 

-0.220(0 111)4kHz Zpell Standard log scale quads aticd +-0.208(0.213)4kHzý2pell. Staid ud log scale cubic, + 

-0.177(0 032)$kHz-2pell. 2pell hr presse +0 647(0. l15 )4kHz-2pell. _pell hT preaa. Staud ud log scales + 
0.234(0.139)4kHz-2pell 2pell hr pres. Staud: u d log scale q mA-aticv +-0 385(0 293)4kHz-2pell 2pell hT presa. Staud. -urd log scale cubic,, + 
0 013(0 009)P6ase2d+ ev 

ý-1314(0.072)+uq 
ßj0 0403(0075)+u0 

. ß4,0.312(0066)+u71 

uq 0040(0014) 
N(0" Q) 

. 0005(0006) 0 011(0 004) 

ý[a -0.003(0 007) 0 004(0 003) 0 011(0 007) 

av-N(0, a2, ) a3. -0.180(0.003) 

-2 loglikelihood - 9811.991(8619 of 8619 cases in not) 

Equation 7.29 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Latency , -&+ß Stwd, -u"d log scales +ßStundvd log scale cpuachahcs+-0 254(0 153)Standaid log scale cubic, +0 135(0 024)2pell hr piess0 + 

-1 244(0.084)2pell hr press Standv-d log scales +0 13-(0 098)2pell hr press. Standiu d log scale quash abcs + 

1 132(0 213 )3pell hr pi ess. Stwd. ud log scale cubic, + 0.08(0 103)4küzzZpelý +-0.202(0.101)4kHz-2pell St: wd. o d log scale,, + 

-0 219(0 111)4ld3z-2pell Standard log scale quads aticu +-0 210(0 213)4kHz 2pell Standvd log scale cubic, + 

-0177(0032)14: Hz 2pe112pellhrpresso+0641(0.115)4kHz-2pell2pellhrpressStand: ud logscale, + 

0.233(0.139)4kHzz2pell. 2pell hr press. Stwd: u-d log scale quads atic0+-0 3'6(0.293)MIzz2pell. 2pell lvi press Standard log scale cobice + 

0 044(0.013 )Plase2v + -0.05 S(0 018 )Plhase2.2pell hr PI esse + ev 

ßq --1.431(0.073) +uq 

ßU-0.400(0073)+u1i 

P71 -0.311(0.066) +u4 

0040(0 014) 

N(0" c) :c- -0 005(0 006) 0 011(0.004) 

-0.003(0.007) 0 004(0 004) 0011(000')l 

ev - N(0, a; ) CO-0180(0003) 

-2'loglckehhood - 9802 133(8619 of 8619 cases in use) 

Equation 7.30 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Latency,, -pv+ßOStaadaid log scale,, +ß taadxdlogscalequacbattic,, +-0.251(0153)Standardlogsc ale cubic, +0132(0024)2pellhrpieo, + 

-1 245(0.084)2pel1 hr press Standard log scale, +0.140(0 09S)Zpell hr press Standl. d log scale gaacdatic0 + 

1 134(0 212)Zpell lvr press. Staadard log scale cubic, +0 121(0 103 )4kHz. 2pe11, +-0 199(0 100)4LHzz2pell Standard log seale3 + 

-0.216(0.1114l üz-2pell Standard log scale gaadratic3 +-0 214(0 213)4kHz-2pell Standard log scale cubica + 

-0 1'9(0.032 )4kHZ pell. 2pell hr press3 +0 640(0 11 S )4kHr2pe1L 2pell hr press Standard log scaler + 

0 228(0 138)4kHz 2pell 2pell hr press Standard log scale quak ahce +-0 3'2(0 293 )4kHz-2pell 2pell hr pl ess. Staudav d log scale cubic, + 

0 073(0 016)Phase23 +-0 048(0 019)P6ase2.2pell hr piese0 +-0 06'(0 019)P6ase2 4kHz 2pell3+ta 

aq --1.446(0 0'13) +uq 

flu-039"(0015) +u0 

()a -0 309(0 066) +u. 

0 f040(0 014) 
4^ 

N(0+ au) ý' 1-0 005(0 006) 0 011(0 004) u4 

-0 
L003(0 007) 0 004(0 004) 0 011(0 007) 

-N(0, a) 03-0180(0.003) 
eloghkalihood - 9788 931(8619 of 8619 cases in use) 

Equation 7.31 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Latency. -ß1+QUStaudat-d log scale,, +Q2, Staud rd log scale quadiatu8+-0119(0165)Staudud log scale cubic, +0 138(0023)2pell hrptessa+ 

-1.237(0 08S)2pell hr presa. Stwdai d log scale,, +0 135(0 098)2pell hr press Standard log scale quad. ahcr + 
1 113(0.213)2pe1l hTpiees. St: uidatd log scale cubic, +0128(0 103)4kHzz2pellt +-0.194(0101) kHz. 2pell. Staudv d log scale, + 

-0 219(0 111)4kfz-2pell Stand d log scale cluacm ahce +-0 22^(0 213)4kHr2pell Staudes d log scale cubic, + 

-01'9(0 032)4kHzz2pe1l. 2pell h7 pi easy +0 632(0.1 15 )4l 1zz2pe11. pell h'r pt ess. St atdard log scale. + 
0.231(0138)4küz-2pell. 2pell Irr prees. Staud sd log scale quad. aticp +-0 3! 0(0 293 )4kHzz2pell 2pell hr press Staudai d log scale cubic,, + 

0 095(0 020)Phase2y+-0 057(0 022)Phase2.2pell hT giesse +-0 0-9(0 019)P6ace2.4kHz-2pelln+ 0.092(0 051)Fbase:. St u. daid log scale,, + 

-0 058(0 049)P6ase2. Stwdard log scale quad. abce + -0 236(0 114)P4ase2 Standard log scale cubic+ee 

Qq --1.458(0 073) +uq 

ßy10347(0080)+uv 

Q4-0.341(0.071)+uA, 

u40 040(0014) 

u0 -N(0, ý) ' ýý 
-0005(0006) 0011(0004) 

uy -0003(0.007) 0004(0004) 0011(000-) 

ee-N(0, a) a; -0180(0003) 
-2°logltkehhood - 9783.341(8619 of 8619 cases iu use) 

Equation 7.32 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

Lateucyi, -Aj +p, Staadard log scale, +ßuStwdv-d log scale (lua1ratlcs+-0 244(0.133)Stwdiu d log scale cubic, +0 132(0.024)2pell hr p esse + 

-1 242(0.084)2pell IwT press. Staudal d log scale, +0140(0 098)2pell hr p ess Staude d log scale cpuadi aticn + 
1 120(0.212)2pell In press Standaid log scale cubic, +0 121(0 088)4kHz-2pe)ý + -0 198(0.101)413u-2pell Standard log scale, + 

-0 218(0111)$kHz 2pell. Staudard log scale quadratics +-0 221(0 213)4kHz-2pell Standard log scale cubics + 

-0 178(0 032)4kHz-2pell. 2pell hvr press,, +0 63'(0.115)4kHz. 2pell 2pell In p ess Staudv d log scale, + 
0.227(0.138)4kIlzz2pell. 2pell 1w press Staudaid log scale gaach slic, +-0.335(0 293)4kHz-2pell 2pell hr press Staudai d log scale cubic8 + 
0 073(0.016)Pbase28 +-0.048(0 019)Pluwe2.2pell In pi essa +-0 067(0 019)Pbase2.4klizz2pells + -0 263(0 07)U1 +tp 

'r, 
--1 315(0 073) +uq, 

ßU - 0.396(0 075) +u 

0311(0.066)+u 

0 029(0.010) 

U N(01 ý) ; (Z 
-0 003(0 003) 0 011(0.004) 

uA -0.009(0 007) 0.004(0 004) 0 010(0.007) 

e, N(0, aý a. 
2 0 180(0 003) 

-201oghkekhood 
= 9781.123(8619 of 8619 cases is use) 

Equation 7.33 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Lateucy,, +ß03t wctro'd log scale, +p Staudaud log scale muadiaticn+-0 245(0.153)Standard log scale cubic, +0 135(0 024 )2pell hr pi essa + 

-1.246(0.084)Zpell hT press Standard log scale, +0134(0 098)2pell hr press. Standiud log scale qua(h atica + 
1 129(0 212)2pell hr pt ess. Standard log scale cubic, +0 121(0 0S8)IkHz-2pell1 +-0 202(0.101)tküzz2pell Staudia d log scale(, + 

-0 218(0 111)4kHz-2pel1 Standard log scale , oath atic4 + -0 214(0 213)4kllzz2pell Staudt' d log scale cubic,, + 

-0 181(0.032)4kHz 2pelL2pell lvi presse +0 648(0.115)4kHz-2pell. 2pell IAT press Standard log scale,, + 

0 229(0 138)4kHz=2pell 2pell I -, T press. Staudard log scale tptadraticy +-0.378(0.293}tkHr2pell. 2pell hT press Staudad log scale cubic,, + 

0 100(0 018)Pbase2V + -0 048(0.019)Pbase2 2pell hT presa4 + -0 067(0 018)Plwe2.4kHz-2pelle +-0 236(0 071)U M, + 

-0 055(0 01S)IIHT Pbase24+ev 

Qq --1.330(0.073) +uq 

flu -0 396(0.075) +uv 

Q4 -0.313(0 066) +uy 

u , 

-11 

0 029(0 010) 

u "N(0. o 003(0 oos) o of l(0 00a) 

y"0 009(0.007) 0 004(0 004) 0 010(0.007) 

N(0, Cr; ) ;'0.1S0(0 003) C 
'loglikelihood 9772.: 00(8619 of 8619 cases in use) 

Equation 7.34 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

349 

Figure 7.19 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.34. 
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Figure 7.20 The standardised residuals (y-axis) plotted against the predicted values from the fixed 

part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.34. 

22 

1t C 
06 

00- 
C0 
Ü1" 

22.1 
16 10 05 00 OS 0 16 7 

Normal Scores 

23- 

17 

1t 
vd 0& 

1" AVý. 
-.. -.... 

C 
-06 

(n it 

1 
-21 -1 6 -1 0 -05 00 05 1C162 

Normal Scores 

zs 
rn 1"" 
OV 13 

'O 2M0I 

rN fa 0f" 

(n -1 
1 

-71 -16 -10 -U5 00 15 1n I0 

Normal Scores 

Figure 7.21 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.34. 
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Figure 7.22 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.34. 

Latencyc=fio)+1; 13 
Stand: udlog scale,, +/%Staudvdlog calequadcaticj +-, I-Ili , II-rSt: wclardlog calecub, c, j *Irllr_III(12t_pelll'iPlesr, 

)+ 
IIlr <i I. Ix' 21, ell h-I pre. - Standard log rcale,, + ii l le 11-1 I 112pell lvi prey Stvuly d log scale glladi atlc, l + 

I 
_ýI u 24') 2pell I, i press Stwdai d lo¢ deale cubic,, + 1(0010 0"'1 4kHz pell, +-u 'a-I u uvc, l4kHr-2pell Stwdad log scale, l 

+ 

-i, I X91 ol l>> I4kHr-'_pell Stwcai d lost scale quack atic,, + -Ir 00('01 : o: I4 Id-l --_pelI Standard log scale cubic,, + 

- I_alIIr:, rrll4lz 2peII2pellhrpie 4, +Ir n; II - Ir 111II4kHr-'_peII_pell 1, -1 pressStmd. udlog acale, + 

o2 i' Ir 1+-rtkür-'_pell2pellhr pressSta, ulaidlox st ale quackatuv + -Ir ý-<II _, <14kür2pell2pelI h7ple�"Standaudlog scale cubi( + 
UlulleIrl- Yhase'_, 

j 
+-(I III It IIol' r' Mu se _ '_pel Ilr pre . o5 +-(I I rl sllIIr1U lPhase2 4kHr-? pe l l, i 

+-I, 2I '_ I212i> o-4 111H l- + 

_o4Wo,, rl-rUHTYhase2,, +ea 
-2>u ub-I +uOj 

fl 11 ilr(11 1111 -11 +ulj 
Yfý 

- II '>-III Irk-1 +u 

uu 
Nil). (, 1 rl 

lI 

l 1)I'04 >0 004111.1,1I-I 

r ul '-1 (1 11lr611111114(11Ili- 4 uIrI : IIýnIrSy 

el Nul 6e) rse=1ý 1"Ilr uu_'I 

-2iilogkkol1hood = Soy- 210151(4 of 816.4 cases w nsel 

Equation 7.35 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only those (untransformed) latency datapoints under or 
equal to 3 seconds. 
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deucy8 -, 6,, +ß0. Stand. wd log scaled +ß Sta udard be scale cpiac4'atic8, +-0 245(0 153 )Standar d be scale cubic,, +0 135(0.024)2pell hr press0 + 

-1 247(0.084)2pell hr press. Stwdry-d log scaled +0 135(0 098)2pell hT pi ess. Stauda d log scale cpiacb aticg + 

1 130(0.212)2pell hT press. Staudaid log scale cubic,, +0 121(0 0S8)tkilz-2pell, +-0 202(0 101)4k1T 2pell Standard log scale,, + 

-0 218(0 111)4kHz-2pell Standrad log scale qusdratit9 +-0 213(0 213)4kH -2pell Staude d log scale cubic,, + 

-0.181(0 032)4k14za2pell 2pell hT presse +0 649(0 113)4kliz=2pell 2pell hT pi ecs Stmid ud log scale, + 

0.229(0.138)4l: Hza2pell. 2pel1 hT press. Staudat"d log scale cpiach ahta+-0 3'9(0 293)4kHz=2pell 2pell hT press Standard log scale cubic,, + 

0 100(0 018)Pbase29+-0 049(0 019)Phase2.2pe11 hT pi too(, + -0 0610 018)Pluase2.4kHzz2pellg + -0 235(0 O'7)UHTJ + 

-0 055(0 018)U1iT. Pbase20 +-0 019(0.077)51+18 

-1 321(0 083) +uq 
0396(0075)+uv 

-0 312(0 066) +u 7, 

uq 0 038(0 010) 
ýN(O, C) ' ri, - 

-0,003(0,005) 0 011(0.004) 

-0 009(0.007) 0 004(0 004) 0 010(0 007 

1 

a; ) a; -0 180(0 003) 

?! hood- 9772.140(8619 of 8619 cases in use) 

Equation 7.36 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
Latency,, -. a,, +p Staudai d log scale, +p , Standard log scale quadratic, + 0940(0.142)St radar d log scale cubic, + 

0.452(0.102)4kHz2pell. Stvidvrd log scale,, + 0.054(0.138)4kHza2pell. Stauulvd log scale cpiadratic,, + 

-0 671(0.194)4k%Iz=2pell. Standýu"d log scale cubic, + -0.096(0.093)4kHz2pell1 + -0.014(0.012)Phase2,, + eV 

Qý a -1.291(0.067) +uOj 
Qý -0.83', (0.072) +uu 

Qý = 0.405(0.107) +uV 

u'i 0.033(0.012) 

u' N(0,0.005(0.005) 0.020(0.009) 

uý 0.003(0.012) -0.011(0.011) 0.040(0.022) 

eu - N(0, a' 2) ß; 0.166(0.003 ) 

-2 *loglikehhood = 4907.670(4594 of 4594 cases in use) 

Equation 7.37 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '2-pellet' lever. 

deucys -A1 +QOStaudm d log scale, +, O,, Sivnd n-d log scale quadratics + 0.936(0 142)Stand id log scale cubicq, + 

0.450(0.102)4kliz2pell. Standvd log scale, + 0.053(0.138)4küz=2pell. Stwdvrd log scale quadratic,, + 

-0.665(0.194) kHz 2pel1. Stwdvdlogscalecubicq+-0.093(0079)4kHzz2pell, +-0.014(0012)Phase2, +-0.201(0.078)UH1 +q 
1,191(0 069) +uq 

v --0.846(0 072) +u 

- 0.40^, (0.107) +u 

uq 0023(0.009) 

uv N(0, (Z, ) : (Z, s 0.003(0.006) 0.021(0.009) 

-0.002(0.010) -0.010(0 011) 0.040(0 022) 

eu-N(O. a) 6a=0.166(0.003) 

-2'1oghkekhood - 4902.605(4594 of 4594 cases in use) 

Equation 7.38 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '2-pellet' lever. 
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Latency, s ßoj +QUStvºdard log scale, +p Staudaz d log scale cpºadratic0 +0 951(0.142)Stvºdard log scale cubic,, + 

0.462(0.103)4kHz-2pell. Stvºd. u-d log scale, + 0.055(0.139)4kHz 2pell. St: uºdard log scale quadratic0+ 

-0.689(0 194)4kHz2pell. Standai d log scale cubic, + -0 09S(0 0,9)4kHr-2pell, + 0.029(0 017)PIºase2,, + -0 157(0 079)Lºi1T1 + 

-0 086(0 024)LTHT. P6ase2 +ev 

Qq --1.210(0 069) +uq 

Qu --0 832(0 072) +u31 

.64 
-0.400(0.107) +u, 

uQ 0024(0009) 
NO, (4) ' f2�- 0.003(0.006) 0.021(0.009) 

1ff. -0.002(0010) -0011(0011) 0041(0.022) 

ýN(0, a; ) a; -0.166(0003) 
'loglikelihood = 3889.831(459; of 4594 cases in use) 

Equation 7.39 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '2-pellet' lever. 
Latency -av+QOStvtdu"d log scale, +ßStaundaid log scale cpiach atic0+0.830(0.193)Standard log scale cubic, +-0 102(0.0'9)UHzz2pelý + 

0 473(0 102) 41 Hz-2pell. Staud: a-d log scale#2v +0 064(0.136) 4kHz=2pell. Stmtdard log scale qua(b atu#2v + 

-0.722(0.194)4kHz2pell Standard log scale cubic#2v +0 054(0 O'_6)Phase2s + -0 118(0 092)P6ase2. Stwdad log scale% + 

-0.134(0 106)Phase2. Stwdard log scale quads atic#39 +0 391(0.222)P6ase2. Standau d log scale cubic#3d + -0 121(0 081)V1-fl + 

-0.155(0 037)Plase2. LTHTO +-0.217(0.119)LTHT. Stand: u d log scale#1n +-0.188(0 144)LITr. Stwdard log scale quads atic#ly + 
0.30'(0.235)UHT. Sta uda d log scale cubic#1ü +0 430(0.131)Phase2. VIT1'. Standard log scale#la + 

0 158(0 149)Phase2. LT13T Standard log scale miadi atic#19 +-0.817(0 313 Pliase2. Lhrr. Stawdvd log scale pubic#le+sa 

ßq --1221(0 070) +uq 

ßV --0.79S(0 096) +u0 

Q71- 0 509(0 130) +u 74 

q 
0.024(0.009) 

N(0" 0.003(0 006) 0 021(0 009) 
U 
" -0001(0010) -0013(0011) 003'(0021) 

ýN(0, CD c -0165(0.003) 

"loglz ehhood - 4869.060(3394 of 4594 cases in use) 

Equation 7.40 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '2-pellet' lever. 
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Figure 7.23 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.40, modelling only the data from presses 
made on the '2-pellet' lever. 
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Figure 7.24 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.40, modelling only the data from presses made on the '2-pellet' lever. 

AA 

I&A A. 
a, Ka 

i 

354 

ff -- 



75 "f 

t0 "ý 
05 

oo -- ........... 
ö 0s f 
U 10. 

1 

- 021 
6 10 05 00 06 ] 16 .ý 

Normal Scores 

25, 

V (D 06 

ýN 
-Ilh fff" ý 

13 

fn "" 
25, 

. 16 "10 05 co 05 10 1,6 2, 

Normal Scores 

27 
2 

pV 11 

- a, " 07 
.... a `m- ° 00 "-ý.... .a 

CN0 01 

Y° 1I Q 
(() -I 

17 
11 . 16 -10 -05 00 OS tU th t1 

Normal Scores 

Figure 7.25 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.40, modelling only the data from 
presses made on the `2-pellet' lever. 
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Figure 7.26 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.40, modelling only the data from presses made on the '2-pellet' lever. 
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Lateucyv mß01+ßUStandard log scales+&Staudard log scale cpnach-atics+-0 234(0 156)Stwd: ed log scale cubic,, +0.082(0 118)4kHz2pellj+ 

-0.216(0107)4kHz-2pell Stwdvd log scales + -0 256(0.113)4I: Hz-2pell. Stvtd: u"d log scale cpua& ahcn + 

-0.251(0.218)4kHzz2pell. Stvulvd log scale cubic, +es 

AV --1404(0.083) +uq 

py -0 423(0.080) +u 

Qý 03 50(0.069) +u 

00 054(0.020) 

UV -N(0, i, ) : f]�- 
-0.011(0009) 0013(0.00') y 

uý -0 028(0 014) 0 006(0 007) 0012(0 0131 

e -N(0, aý a; 0 187(0 004) 

-2"logkkelhood - 4752.508(4025 of4023 cases in use) 

Equation 7.41 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the 1-pellet' lever. 
Latencyq -ßv+ßyStvidvdlogscaled+ßStaudardlogscalequadratico+-0.229(0156)Staudvdlogscale cubic, +0084(0118)41: äz-2pell, + 

-0.212(0.105}4 2pell Standard log scaleU +-0.256(0.115)4kL-2pell. Standv d log scale cpia(6 aticy + 

-0 254(0 217)4kHz2pell Stwdmd log scale cubicQ+0 046(0 014)P6aae2V+e5 

ßq --1429(0 084) +uq 

ß4-0419(0080)+uv 
ß -0.349(0069)+u, 1 

uq 0 053(0.020) 

u0 "N(0, f, ) : Q�- 
-0.011(0009) 0.015(0 007) 

-0 028(0.014) 0.006(0,007) 0012(0,013) 

ay-N(O, c) 0.186(0 00.4) 

-2 *logltkelihood - 4741 132(4025 of 4023 cases iu use) 

Equation 7.42 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the I-pellet' lever. 
Latency, -ßsß +ß Staudur d log scale, +ßPtauda-d log scale cpiadretic0 +-0.222(0 155)Staud ud log scale cubic, +0.138(0 119)4kliz-2pell1 + 

-0 207(0.107)4kßz-2pe11 Staudai d log scale,, + -0.254(0.115)4kHzs2pell. Staudi d log scale quack atics + 

-0 263(0.217)4kHz-2pell Standard log scale cubic, +0 091(0 018)Phase2a +-0.106(0 028)4kHr2pell Plºase2#2+eV 
ßqß-1454(0084)+uq 
i)V `0.415(0 080) +u V 
p4 -0.348(0.070) +u 

. 

u0 0 F053(0,019) 

N(0, J1) tQ -0.012(0 009) 0.013(0 007) 

u4 0.028(0 014) 0.006(0.007) 0.013(0.013) 

eV-N(0, a; -0 186(0 004) _ 

-2'1ogkkelihood - 4726.413(4023 of 4025 cases in use) 

Equation 7.43 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 
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eucyU p1+6, Standnrdlogscale,, +Q Stwdu-dlogscalequka(batic, +-0.221(0155)Staudedlog scale cubic,, +0139(0.102)4kHz-_pell1+ 

-0 204(0.106)41J1 2pell. Standard log scale, +-0 251(0 1 L3)t1: 1 2pell. Staudad log scale quasiahcg+ 
-0 263(0 21')4kHz-2pell Standard log scale cubic9 +0 091(0 018 )Pbaselü +-0.10'(0 028)4kHz 2pell Phase2#? 

s +-0 201(0 066)II IPA+g 

--1.354(0 0''9) +uq, 

-0.313(0 0'9) +u V 
-0 350(0 068) +u 7j 

q4 0 039(0 014) 

u N(0. -0 007(0 00") 0 014(0 007) 
u; -0 024(0.012) 0006(000") 0 012(0 013) 

- N(0, (;; ) a; -0 136(0.004 ) 

*logkkekhood - 4719 563(4025 of 4025 cases in use) 

Equation 7.44 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 
Latency, - Toi+QStawd. u-d log scale,, +ßuStaadard log scale cpmch-ahcv +-0 221(0 155)Stvtdard log scale cubic,, +0.140(0 102)4LHz-2pell1 + 

.0 206(0.106)1kHz-2pel1 Stvidai d log scales +-0 252(0114)3kHz-2pell Stvndv d log scale cpia(b atic8 + 

-0 260(0.217)41Hz 2pell. Stanndv-d log scale cubic, +0 1010 023)Phase28+-0 1080.028). tkliz-2pell PIºase2*28 +-0 186(0 068)tTlfl + 

-0 029(0.027)UTETI'. Phase28+ea 

Q(W --1363(0 079) +uq 

ßu-0413(00"9)+uv 

'j4-0.352(0068)+u71 

uq 0039(0014) 
N(0" 

-0 00l(0 00") 0 014(0 007) 

A -0 025(0 012) 0 006(0 007) 0 012(0 013) 

au - N(0, a; ) Q. -0 186(0 004) 

-1 *loglikelzJood - 4718.442(4025 of 4025 cases in use) 

Equation 7.45 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 

enrya -p,, +Q08tandard log scaled +pStvuxlm"d log scale quads ahcn + -0 279(0 073)4kHz-2pell Strnida d log scaler + 
-0 014(0 099)4kHzs2pell Staudai d log scale goach atic8, +0 113(0 118)4kHz-2pell, + 0 091(0 0l8)Phase24 +-0 106(0 028)4l11z-2pell pliaae28 
+ Cu 

--1461(0.084) +uq 

- 0.327(0.051) +uV 

-0 330(0 069) +u74 

uQ 0 053(0 0? 0) 
c4- 

"0012(0009) 0016(000', ) 

uA "0.024(0 014) 0 008(0 008) 0 014(0 014) 

ev-N(0, Q2. ) o2. -0186(0004) 

-20logt: kelhood - 4738 639(4023 of 4025 cases in use) 

Equation 7.46 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 
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Latencyv =ß01 +ßOStwdaid log scale, +ß,, Staudard log scale quadratic0+-0.281(0.067)4kHr2pell Standard log scale, + 

-0048(0.100)4kRz 2pellStandardlogscalequadratic1+0113(0115). lkHz 2pell1+0.121(0031)Phase20+ 

-0101(0.051)Phase2 Standard log scalev +-0.169(0.105)Pbase2. Staudai d log scale cpuadratic0 + -0 046(0.040)tIHT. Pliase20 + 
0.006(0 0'3)tTHT. St uidard log scale, + -0 164(0.091)IIHT. Standard log scale quadratic9+-0.103(0 023)4kHz-2pell Phase2n + 
0.068(0.073 )tTETP. Phase2. Stvºdard log scale, + 0.11 S(0.148)tTHP. P6ase 2. Stvidard log scale quadratic, + eV 

Qq --1.465(0 082) +u(V 

Qy-0.361(0063)+u1 

ßy-0.476(0093) +u 2, 

y 0.050(0.015) 1N(0, 

-0 009(0 008) 0 012(0 006) 

-0 033(0 013) 0 006(0 001) 0.016(0.014) 

--N(0, a; ) a; =0186(0.004) 
"Io2likelihood-4728.030(4025 of402$ cases in use) 

Equation 7.47 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 

encyy-Qoj+&Stiudaidlog scale, +Q Stwdvdlogscalecpiedrahcv+-0221(0153)Standv-d log scale cubic+0.139(0.102)4küz-2pellf+ 

-0 204(0.106)4kHz-2pell. Staudaud log scales +-0.251(0.113)4kHz-2pell. Stwdvrd log scale quadratics + 

-0263(0.217)3kHz 2peIl. Staudvdlogscalecubic, +0.091(001S)Pbase2 +-0107(0.023). 1kHz'2pellPhase2#1s+-0201(0.066)LMm, +ev 

-1.354(0.079) +ug. 

. 0.413(0 079) +u k, 
-0.3$0(0.063) +u, 1 

0 039(0.01! ) 
p N(0, £�) : Q� - _o 007(0 007) 0.014(0.007) 

-0 024(0 012) 0006(O. 00") 0.011(0.013) 
uy 

N(O, a2) a2 -0 186(0 004) 

.,. ltz1 1zhood - 4719.562(4025 of 4025 cases in use) 

Equation 7.48 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 

pýö . ßsi +QýStvýd nd log scales +ßuStaudord log scale gnadi ahcs +-0 218(0155)Standvd log scale cubicV +0.120(0.123)4kHz-2pel11 + 

-0.215(0105) kH. 2pell Standard log scale, +-0.242(0.113)4kHz 2pell Staadaid log scale quads aticu + 

.0 247(0 216)4kHzz2pell Stand: n"d log scale cubics +0 036(0.026)Phase2V + 0.006(0.039)41; Hz-2pe11 P6ase2#1p + -0.195(0 092)LTHT3 + 
0.068(0 036)Phase2. LTHTu +0 032(0.131)4kHz-2pell. UHT1 +-0 228(0 055)4kHHr2pell Phase2 UHTV+as 

. -1.355(0.086) +ug 

_0.313(0.078) +u y 
0.348(0.068) +u 4 

0 04o(0015) 
qy N(0,0 007(0 007) 0.013(0 007) 

u 
-0 026(0 012) 0 005(0 007) 0 012(0 013) 

uy 

a; ) a; -0 185(0 004) 
. t-., I, Pohhood - 4701.103(4025 of4025 cases in use) 

Equation 7.49 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling only the data from presses made on the '1-pellet' lever. 
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Figure 7.27 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.49, modelling only the data from presses 
made on the 1-pellet' lever. 
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Figure 7. zö i ne stanaaraisea resiouais (y-axis piottea against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.49, modelling only the data from presses made on the '1-pellet' lever. 
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Figure 7.29 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.49, modelling only the data from 
presses made on the 1-pellet' lever. 
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Figure 7.30 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.49, modelling only the data from presses made on the '1-pellet' lever. 
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Equation 7.50 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.51 The coefficient estimates generated by MLwiN for the specified model 
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Equation 7.52 The coefficient estimates generated by MLwiN for the specified model 
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Equation 7.53 The coefficient estimates generated by MLwiN for the specified model. 
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Figure 7.31 The probability of pressing the lever associated with 2 pellets of food (as opposed to 
the lever associated with 1 pellet of food) across kHz, by measurement phase / contingency group. 
These predicted lines were generated from the model and estimates in Equation 7.53, and indicate 
the nature of the significant interaction between measurement phase and contingency: compared to 
the first measurement phase, both contingency groups have a lower probability of pressing the '2- 
pellet' lever in the third measurement phase, but only the 2kHz=2pell contingency group also have 
a lower probability in the second measurment phase. 
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Equation 7.54 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.55 The coefficient estimates generated by MLwiN for the specified model. 

Ordered 
Subgroup 

Observed 
(0) 

Expected (E) 
(i. e. predicted 
from model) 

2 (O-E) 
2 (O 

E) 
/ 

1 139 122.82 261.91 2.13 
2 183 190.83 61.30 0.32 
3 258 260.53 6.40 0.02 
4 378 373.21 22.95 0.06 
5 531 564.34 1111.68 1.97 
6 780 775.94 16.50 0.02 
7 949 912.58 1326.45 1.45 
8 980 1009.22 853.93 0.85 
9 1060 1073.21 174.53 0.16 

10 1178 1156.49 462.59 0.40 
X 
statistic: 7.39 
d. f. 10 

0.688 

Table 7.5 Calculations pertaining to the Hosmer-Lemeshow goodness-of-fit test of the model 
specified in Equation 7.55; the 'Observed' and 'Expected' refer to the number of presses on the 
lever associated with 2 pellets of food, and the subgroups are ordered with respect to the 
'Expected' values (with subgroup 1 having the lowest expected values, and subgroup 10 the 
greatest, with a roughly equal number of trials in each subgroup). 
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Figure 7.32 Plot of the 'Observed' and 'Expected' number of presses on the lever associated with 
2 pellets of food, across the ordered subgroups (see Table 7.5). 
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Equation 7.56 The coefficient estimates generated by MLwiN for the specified model. 
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Figure 7.33 The predicted probability of pressing the `2-pellet' lever in the single-frequency probe 
sessions, by treatment group, across measurement phase. These predictions are derived from the 
model specified in Equation 7.56.183 
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Equation 7.57 The coefficient estimates generated by MLwiN for the specified model. 

183 Specifically, predictions are generated from an equation which includes only those terms represented in the chart: namely 
treatment, measurement phase, and the treatment*measurement phase interactions. Rather than plot the resulting 
predictions as deviations from a reference point of 0.5, we attempt to introduce a more accurate representation of actual 
probability by taking the average predicted value from an equation which includes all the other predictor terms, and add this 
to our original predicted values, prior to antilogit transformation (N. B. we always exclude subject-level variance when 
generating these predictions). 
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Equation 7.58 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.59 The coefficient estimates generated by MLwiN for the specified model. 
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Figure 7.34 The predicted probability of pressing the '2-pellet' lever in the single-frequency probe 
sessions, by prior treatment group, across measurement phase. Blue: UHT group; Green: Control 

group. These predictions are derived from the model specified in Equation 7.59. 
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Equation 7.60 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.61 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.62 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.63 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.64 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.65 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.66 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

369 



ruckt = f; oj +ß7,1Stutdv d lo¢ ecale,, + 021 taucaic log cale mtachatic, 1 
+-I I ;v h', 1 u,, iStuidv d los -(ale cubuu + -II ut, 110 01: -_peIIhi press, + 

-Im, +Ioo4 I_pelII, iVie- StalidudlOR scale, +ir 0 1,12pelIbIpi e. s, Stwd: ud[OIL scale, piacbMu)+ 

IulP Iu(r)sl_pel11,1Vie- Stvxludlog scale cubic, t+_o, 
00,4k1-1z : peII, +e, 

l 

=-1'_33100 11+u 

-036110031 +u 11 

=0389100311+u2j 

u .. nl>, ýu ul-I 

u 
NIO. C_11 _ 

_nn11101111 r II ý<ýunw, ý 

e Ni 0, a") a, =1111'pm ow 

-20loglikelihood= 15269 -00112915 of 12915 cases in use 1 

Equation 7.67 The coefficient estimates generated by MLwiN for the specified model, with latency 

as the response (y) variable. 
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Equation 7.68 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.69 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.70 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.71 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.72 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.73 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Figure 7.35 The predicted effect of treatment on the latency to press either lever, across different 
levels of measurement phase (from a prediction equation derived from the model specified in 
Equation 7.74). 
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Equation 7.74 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.75 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.76 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.77 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.78 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

375 



Latency =ß,, +ß Staadvd log calel +ß, St: mdald log scale pIacbahc J+-.. .,;, I I' rStvulvcl lost scale tabu, + -. r ",. r , r'rr, _hell Ii pre. s, ý 
+ 

-I 1S-IU 06-I2pell I"i Ixe "s Staad d lo¢ scale,! +u 02 trn uti; 12I eIl I'i prell Stvudmd lo¢ scale cilia<h: Nu, + 

I '--10 1-2I2pell li pies, Standaud log scale cubic +rr rrI-. '' "-I. &Hr-'pell! + -rr rlkHz=2pell Stvulvd log scale', 4 

-, r 41"10 0804kHz=2pell Standard log scale cpuachatic, +rr 0'e, ml , -i4k1z-? pell Standes l low scale cubic, a 

-11 1-110 020 2pell In press 4kHz Zpell,, + ri N-ii rr (I'r; ). pell Ivi pi e.. "s 4kHz-: pell Stticdaud be tale,, + 

n ; c, 810 110 2pell li press 4kHz=2pell Standard log 
letale cpua u ahc,, +- N-11,11 _ I'ý r2pell Ivt 14e.,., 41 Hz--'pell Stainivd log scale what,, + 

-o Il0 ({ I)lSlphase_2,, +-rr, r--iirrrlxlPhace_2 +-u! Ticsrrl,; 4kHz-_pellPlua-e_-. +.. it°; -. I'r4kjL-21cIIF'ha. ce_4 + 

-0�tiiUU-IIEulcliec2+-nu; Ir"it IilEaruhedPhase_2, l+irlu-i.... 
1.. EnichecPlr. r, " Fmr. hcJ'I'M I', pre., + 

-0 281141 1, u, Jlff +1 TrHr 1 li. u e_+- T'}{T 1,11.1- 

-1 

. 

1129100-21+1. 
Rý= 11 °S 210 0611 +u 

Il 

l:. liiýIll'I+u0 

uý ri uýnr ri 4141-r 

U1 
N10. l tlý rrýl00041 0 "1 1111 rrrr'r 

Q1 ... N10. a, 1 c, 
' =n Ii`! < 11 1 j42 

-2 °logkke1 hood = 14800 '_-011'_911 of 12 ')15 cae, w ass I 

Equation 7.79 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.80 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 

376 



Figure 7.36 The predicted effect of prior treatment on the latency to press either lever, across 
different levels of measurement phase (from a prediction equation derived from the model specified 
in Equation 7.80). 
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Figure 7.37 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.79. 
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Figure 7.38 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.79. 
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Figure 7.39 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.79. 
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Figure 7.40 The standardised residuals (y-axis) plotted against the predicted values from the fixed 

part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.79. 
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Equation 7.81 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '2-pellet' lever. 
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Equation 7.82 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '2-pellet' lever. 
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Equation 7.83 The coefficient estimates generated by MLwiN for the specified model, with latency 

as the response (y) variable, modelling reponses made on the '2-pellet' lever. 
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Equation 7.84 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '2-pellet' lever. 

Figure 7.41 The predicted effect of treatment on the latency to press the '2-pellet' lever, across 
different levels of measurement phase (from a prediction equation derived from the model specified 
in Equation 7.84). 
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Equation 7.85 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '2-pellet' lever. 

I. nteuc F; c, +F; i1Stwdardlogscalel+,, nn-1Stmtdaid log scalequachahc! +it snI-it I; nStandadIng caletabuo 
ý 

+ liU. W-2pell+ 

w»14k-Hr-_peIIStwdaldIcescale, 1+- u"'iuII , 14kHr2pellStmultidlogscalequachatic,, + 

_I n I',, 4kHr=_peIIStandadIogscalecubut, +-n i 102'lphae_2,1+-1) 0S"u"22Tha-e 3 +-1 10)10 '244I: Hz=_peIl Plui. e__=_ + 

ý".. "i"ýo2-I4kHr'pelIPlla-e_i=_, 1+-I'1011))'"'En tchel +', U'01W1IPIIase__Ertclieýt+ it14-1. i)) IrPhase_. Euuhedýl+ 

-n 2.1' ". ' ". -. 
itfil-, + -torsi w, JTHT St: wdvd be scale,, * (r I'41 ii -,; IIHT Standard [OR scale quackaticu + 

it 1Sof I1, iITHTSt: wd, udlogscale cubtc, +e, 
t 

Po -1 0"11111 ub tl+tto, 

alt =-o Sulu 0--1 +uq 

luuj 
ý 

NIU. Ly, l ýy, = 
ru 

ýý15iu uo, I 

LU 
ILýýuu uu<i 1) nl6ýiiiiu iJ 

e NmU. m 
) 

a; = ý: iinnu; i 

_ ! oglikekhood=6±'_l ý544(4m6ofo4m( cases in use i 

Equation 7.86 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the `2-pellet' lever. 
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Figure 7.42 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.86. 
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Figure 7.43 The standardised residuals (y-axis) plotted against the predicted values from the fixed 

part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.86. 
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Figure 7.44 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.86. 
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Figure 7.45 The standardised residuals (y-axis) plotted against the predicted values from the fixed 

part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.86. 
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Equation 7.87 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the `1-pellet' lever. 
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Equation 7.88 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '1-pellet' lever. 
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Equation 7.89 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the ' 1-pellet' lever. 
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Equation 7.90 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the `1-pellet' lever. 
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Figure 7.46 The predicted effect of treatment on the latency to press the '1-pellet' lever, across 
different levels of measurement phase (from a prediction equation derived from the model specified 
in Equation 7.90). 
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Equation 7.91 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable, modelling reponses made on the '1-pellet' lever. 

385 



38 

28 

N 

7 

os 

V 
N 01 

C 
C 
20 
h 

Figure 7.47 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.89. 
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Figure 7.48 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.89. 
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Figure 7.49 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.89. 
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Figure 7.50 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.89. 
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Equation 7.92 The coefficient estimates generated by MLwiN for the specified model. 
2 pell ht o1SJ "- Bwowiall i'ourtvd'. -, ) 

- 

lo¢ill ;1=ý ý1-'otý tazi +, t3Stmidai 
d lost t ale, + pJStatAa I lost >, ale 2pta, i atI +-I, ". ; St. tJ, ro 1 lost ,. Ile I, III I, I""_ 41JII2pell, + 

1t lt4 -I't, u', IIi4kHz 2pelIStandaidlostscale, --I"1 -A 4. }I. 'pellit, uIIu I1--, - IIeIII 

I0311u' -- I1#iz='_pelIMtaud: u. 1Inc-ale : ubi. 
1151 01 61 1+ uo1 

, 
Oq 66510 412) + 

4 1l+uk 

u9 iý If, l, iru-,., 
NIO. Ly, ) r, l�= 

_00"1009-, u'-Jill r u lý 

vail2pelliii- on +J1=c, Jll-; 
)C'ow, taut, 

Equation 7.93 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.94 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.95 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.96 The coefficient estimates generated by MLwiN for the specified model. 
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Equation 7.97 The coefficient estimates generated by MLwiN for the specified model. 

389 



Observed 
Expected (predicted 
from model) O-E 2 

(O-E) / 
E 

78 75.461781 6.44 0.09 
142 131.34294 113.57 0.86 
208 190.13885 319.02 1.68 
236 257.09289 444.91 1.73 
327 346.99666 399.87 1.15 
451 455.90866 24.09 0.05 
525 530.5563 30.87 0.06 
594 587.45413 42.85 0.07 
632 629.57427 5.88 0.01 
684 671.32476 160.66 0.24 

Chi 
statistic: 5.943461 
d. f. 10 

0.82 

Table 7.6 Calculations pertaining to the Hosmer-Lemeshow goodness-of-fit test of the model 
specified in Equation 7.97; the 'Observed' and 'Expected' refer to the number of presses on the 
lever associated with 2 pellets of food, and the subgroups are ordered with respect to the 
'Expected' values (with subgroup 1 having the lowest expected values, and subgroup 10 the 
greatest, with a roughly equal number of trials in each subgroup). 
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Figure 7.51 Plot of the 'Observed' and 'Expected' number of presses on the lever associated with 
2 pellets of food, across the ordered subgroups (see Table 7.6). 
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Equation 7.98 The coefficient estimates generated by MLwiN for the specified model, with latency 

as the response (y) variable. 
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Equation 7.99 The coefficient estimates generated by MLwiN for the specified model, with latency 
as the response (y) variable. 
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Equation 7.100 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 

391 



ReapRoot_Rotmcled_Latenct, 
l =ß4 +ß1 Stvulmcl log scaled +/3 Stwd: ud log., tale qua(hatu, j 

+-u 1-11 wIý I18twdaud log ,c ale aibicu + 

n111IN no'112peIIIvrou_I, j 
+-I Qsi nsýýi? pellhron IStvudvdlog caleý+ 

0 1)4(, 111 Ii1ý i_ pell In ou_1 Stwclvd log scale quachathc, l 
+I 11 224 i2 pell I, i at_1 Standaud lo; scale (ubic, + 

0119101(rx14kHr-21)eII1+-ii1411)4kHr_'pellStvtchdlog cale,, + 

-0 28S( o L'- ý 14kHz=2pelI Standau d log scale cpiauh ahc, + -u 1,, 4111 1 :u 14kHr2vell Stvncly d log scale cu btc, 
5 + 

-0 1930 0+l141; Hr-_pell 2 pell Ili ou_1,1 +u 1'ým 1-4 i-IkHz-2pell 2 pell Ili on_1 Stvwclvcl log scale, + 

0 38510 11114kHz=2pell 2 pell Ili ou_1 Standau d log scale quac6 atic5 + 

-0 28010 i-1 4kHz 2pel1'_ pell hr ou_1 Standard log Scale tabu + 1,1 ::. I iPue-fed + e,, 

Qt. =n 5u2 r+ut 
j1 

132, =tr424thrr'11+u11 

uý uualiýýulýi 

u 
NiO. n Ll = 

_nnuýinnn- uiiýi iuuu: i q 
u2) -I )Iii 1 II )ý -u i2) IIiI nnIIl IIIýI 

e, J 

-2*logltkekhood= 9162 9951-565 of -565 case.., in use 

Equation 7.101 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
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Equation 7.102 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
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+-I r 4-0111 11 Stvidzu d lot sc ale cubic) + 

u of i-i u il-i2 pell l Ni onjJ + -1 4u4, '' WO, 12 pell hr on_1 Stanch d be scale) + 

n ultilu 11lß i' pell In on 
_1 

Standard log scale quachattcý3 +1 6 16i02 2-112 Nell In ou_1 Standard log scale cubtc, + 

0800) 101l14kHr: pe11) +-i1illilIIII 4MZ--2pell Standard lo¢ scale,, + 
2S41 (I 12 i4kHr--pell Stanch d log scale quack aticl + -11 1 <- i-=9 4kHr2pelI Standard log scale cubical + 

-n 131)11) 1U ' 12 pell I, i ou_I 4kHr-'pell5 +'1-13,41 12 pell hi ou_1 4kHr-2pell Standard log scale,, + 

11 3Sll u 14 112 pell Ivr on_I 4kHr-'-pell Standard log scale cpiadr atic, I + 

-ii tU 01u -12 1 12 pell In on_1 4kHr-2pell Standard log sc ale cubic, ) 
+ui icy lill ii V, iPre-fe(, ) 
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Equation 7.103 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
Reci1 Root_Rommded_Lateuc}*,, =13,, ý 

+ß3,1Stuidard Ios scale, + /, Stwdv d log scale quads atic,, +-n -I-tii u1ý1 iStand: u d log Scale cubul + 

it uu-Iu (1_-i? pell hr on_l, ) 
+ -1 40041OWN") 12 pell Ivi ou_1 Stunded log scale,, + 

(-Ii u 1(iß 12 pell li on 
_1 

Standard log scale cpiadratict, +1 616 u "-12 pell Iv7 on 1 Stvndmd log scale cubic, + 
u-SIO 1u 4kHr-_pel11 + -I, ir, I II 1111 14kHr-_pell Stands d log cale,, + 

-it 2Sgo 11''14kHz=2pelIStwdmdIo¢scale quadratic,, +-01Xi i'-'-', l4kHz=2pellStvnda, dlogscale cubic,, + 

-l 139111 114,112 pell Ihr ou_I 4kHr2pell,, +u 44 tin 12 i_ pell Ivy ou_i 4U-iz=2pell Stvxlaucl 1oc scales + 
i 

it S2i 0I 112 pell In ou_I 4kHr-2pell Standard log scale quadratic + 

-u 304w '112 pell hr ou_i 4küz--2pell Standard log scale cubu, l 
+i10111011i Pie-fed,, + 

uu'; inn'ki2pell lviou_1Pre-fed, +i I2auirtii14kHr'pellPre-feel + 
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'62, =0 42410 0-11 +u2j 
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u2j -U4)1110ol"', lirui. ll ui, 1Jill owil 

-1'lo2ltkelihood = 9112 (IS S14-WS of -565 case., in use 

Equation 7.104 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
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RecipRoot_Rmmcled_Latency, 
J =13g +ß11Stwdcud l02 scale,! +ß, Stswclvcl log scale quachahc,, +-ii 1-I1 Iý1it ui(Nd Ioc scale cubic,, + 
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-0 29610 t' 1 12 pell hi- ou_1 4kHr-2Pell Standard los 
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Equation 7.105 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
RecnpRoot_Rotwded_Lateacyu=jlg+ß,, Stwclvdlogscale, 

u+ßýStwdaldlo¢scalequadiatic, l+-u 
1-22111 IiIIStvnLvcIloe(ale cubic,, + 

-0 04 ')(0 pell Ivi on 1, 
j 

+-i 41)2221II ups I? peil lvi on_1 Standard log scale,, + 

o Oslo Io1 I2 pell l , -j on_1 Sta>Idaod log scale (pliadtatic,, +1(, I 
-Ili 
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0 06-1t) 14 11 l4kHr-'_pellI +-1o 1101)(1) 11n111kHr-_pell Stanch d log scale, ) 
+ 

-0 28110 12 14k--pell Standard log c ale epuach atic,, + -U $ cui u 2: 1o 4kHz=2pell Stvndm d log scale cubic, + 
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+ 
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+ 

-I) 011() OXI)IDurlchec1+e5 
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fl =0 01100"_1 +u 1J 
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-2*loglikehhood = 911-445(-563 of -565 cases muse) 

Equation 7.106 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
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+ -1 11121I I W, 12 pell Ivi ou_1 Stauly cl lot scale, + 
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Equation 7.107 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
Recq)Root_Romded_LateucY1=ßßi+ýilStvýclvcIlogsc ale)+ß Stvulvdlo¢scalequackatic, 

l+-i, 
I-Ili i1 I41IStvtdvdlouscale cubic, + 

-n 11441111Q'1I2 peII Ivt oil_ I, + -1 41011, t0SSI2 pell lvr ou_1 St: mdvd log scale,, + 

ii oul o 111; )2 pell In ou_l Stwdv d log scale quad atic,, +1), 1210 __ '12 pell Ili ou_1 Stvndaid log scale cubic, + 
ii o92( o us' 14kHr=pell, + -u Iu <I uI uu 14kHz='Nell Standard lo¢ scaleu + 

-11 21So(o 1_, )4k1ir-_1)ell Standard log scale quads attc,, + -I i4i -I Ii2 _v 41Jiz 2pell St ndvd log scale cubic,, + 

-0 1340,040 12 pell ht on-1 4kHr2pell,! +,, 1 xi u 1: ' 12 pell Ivi ou_1 4kHr: Pell Standaar d be scale, + 
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u __ 
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I'ýýiun--1+uß 

=(i 'kuliu u-_ I +u ii 
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Equation 7.108 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable. 
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Figure 7.52 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.108. NB the conclusions from the model 
remain the same following the deletion of the outlier at the bottom left of the chart. 

v 

Figure 7.53 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.108. 
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Figure 7.54 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.108. 
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Figure 7.55 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.108. 

397 



=, O+G, JStm&udIos'cale, 1 
+/,, Stwclvdlogscalequachaticv +I I"" 111 14ýiStndv(I Ioý! cale cubIc,, + 

-O U )Iii 1,11,4 Hz='_pell, + iit tý i 4k}i2pell Stvicly d Iog c ale, j + 

0 064111 11- 4kHz--2pell Stmd. u (I Ioe sc ale quu, h nticý1 + -u r, tine i I' 1' 14kHz==pell Stwcly d los scale cubic., + et 
ßoß=-1 _I_( 0-11+u01 

'o lj =-U 88,40 064) +ulj 

ß21 =11Pli"111i+u2j 

uý u iiliýýO nl 

u 
N4 0. 

e'j- NIO. ßel ße=U1l ow Unli 

-2*loghkekhood = 4350'_ 13(3S" of 3S" cases muse) 

Equation 7.109 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable, modelling responses made on the '2-pellet' lever. 
Rec ipRoot_Rotuided_Lateucyj = /,, J 

+ý 1Stand u cI log scale + 1; Stwdv d log -c ale quad ahc, 1 
+I I'_ iIý4 iStvndv cI lo ¢ ., c ale cubic J+ 

-(i1141101! i-I4kIrlpellr+ir+4(iiIý)')i)4kIiz 2pellStwclvdlo¢ ca1e1+ 
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*loghkelzhood = 4268 S44(38-- of 3S-- cases in tie) 

Figure 7.56 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.110. 
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Equation 7.110 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable, modelling responses made on the '2-pellet' lever. 
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Figure 7.57 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.110. 
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Figure 7.58 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.110. 
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Figure 7.59 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.110. 
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ßy -u I-Siii iV, I I +u21 
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-2'loghkekhood = 4802 8O1(3688 of 3685 cases in use) 

Equation 7.111 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable, modelling responses made on the `1-pellet' lever. 
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Appendices 
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-u _abl U 11 , I-kHr-_pell Stwdar(I log 
. scale quack atic, 1 

+ -1 i, 14kHz--2pelI Standard log sc ale cubic,, + 

13 , ll, IrIý iPre-fed, +e1 
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*loglzkelthood = J-'_'_ 40613635 of 3688 cases in use ) 

Equation 7.112 The coefficient estimates generated by MLwiN for the specified model, with 
latency as the response (y) variable, modelling responses made on the `1-pellet' lever. 
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Equation 7.113 The coefficient estimates generated by MLwiN for the specified model, with latency as the response (y) variable, modelling responses made on the `1-pellet' lever. 

401 



3 

2 

U, 
V 

oe 

V 

v 

06 

16 

-39 29 -20 -1 0 00 

Normal Scores 

f" 

Figure 7.60 The standardised residuals (y-axis) plotted against the Normal scores for the Level 1 
(i. e. trial) variance, from the model specified in Equation 7.113. 
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Figure 7.61 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
part of the model (prior to backtransformation) for the Level 1 (i. e. trial) variance, from the model 
specified in Equation 7.113. 
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Figure 7.62 The standardised residuals (y-axis) plotted against the Normal scores for the Level 2 
(i. e. subject) variance, from the model specified in Equation 7.113. 
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7igure 7.63 The standardised residuals (y-axis) plotted against the predicted values from the fixed 
)art of the model (prior to backtransformation) for the Level 2 (i. e. subject) variance, from the model 
specified in Equation 7.113. 
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Figure 7.64 The mean proportion of crumb attacks in which the crumb was eaten (rather than 
being pecked & rejected) for the first eight attacks only (non-shaded bars = 0-min group, shaded 
bars = 3-min group; +/- 1 SEM). 
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Figure 7.65 The mean proportion of crumb attacks in which the crumb was eaten (rather than 
being pecked & rejected) for the last eight attacks only (non-shaded bars = 0-min group, shaded 
bars = 3-min group; +/- 1 SEM). 
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Whilst, as stated at the start of the Results section, sex had no effect on any of the 

measures (and was therefore omitted from the analyses), I have included some 

charts (below) which suggest there may have been a trend for females to more 

quickly approach the areas near the buddy chicks, and to have a slower latency to 

enter the areas furthest from them (see Figure 7.68; also see Vallortigara et al 

(1990)), but the general pattern (i. e. from all measures relating to chicks' 

movements around the arena, in particular with respect to proximity to the buddy 

chicks) is less clear than for the treatment groups. 
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Figure 7.66 The percentage of chicks of each sex entering the various floor areas of the test arena 
during their test session (see Figure 5.1 for floor plan of test arena; N. B. the chicks were placed in 
Floor Area 6 at the start of the test session, facing the buddy chicks). 
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Figure 7.67 The chicks' mean latency to enter each floor area of the test arena, with a value of 15 
minutes (900 seconds) assigned to any chick not entering a particular area. (See Figure 5.1 for 
floor plan of test arena; N. B. the chicks were placed in Floor Area 6 at the start of the test session, 
facing the buddy chicks; +/- 1 SEM). 
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Figure 7.68 The chicks' mean latency to enter each floor area of the test arena, by sex (see Figure 
5.1 for floor plan of test arena; N. B. the chicks were placed in Floor Area 6 at the start of the test 
session, facing the buddy chicks; data is taken only from chicks entering a particular floor area; +1- 
1 SEM). 

406 

123456789 10 

Floor Area 

123456789 10 

Floor Area 



900 

800 

700 

600 

500 

400 

300 

200 

100 

0 
1 

Figure 7.69 As Figure 7.67, but by sex. 
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Figure 7.70 The mean percentage of test session time the chicks spent in each floor area of the 
test arena, by sex (see Figure 5.1 for floor plan of test arena; N. B. the chicks were placed in Floor 
Area 6 at the start of the test session, facing the buddy chicks; test session duration differed 
between chicks, and was determined by their latency to attack 16 crumbs; +/- 1 SEM). 
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Figure 7.71 The number of vocalisations recorded from the chicks in the 3-min group during their 
three minute period of social isolation, against the proportion of attacks which were directed 
towards red crumbs in their subsequent test session. 
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Figure 7.72 The number of vocalisations recorded from the chicks in the 3-min group during their 
three minute period of social isolation, against the latency to attack 16 crumbs (the criterion for test 
session termination) in their subsequent test session. 
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Figure 7.73 The number of vocalisations recorded from the chicks in the 3-min group during their 
three minute period of social isolation, against their latency to attack the first red (represented by 
diamonds) or green crumbs (represented by squares) in their subsequent test session. 
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Figure 7.74 The number of vocalisations recorded from the ch icks in the 3-min group during their to e three 
diamonds) or 

pdcrumbsl( 
el relsented by squares) in the r subseat 

the first red (represen ed by green (p quent test session. 

409 

2468 10 12 14 16 18 20 
Time (seconds) 



500 

450 
c 
0 
ß 400 
0 

aº 350 
S 

300 
C 

250 
A 

200 
0 
ö 150 

as J 100 

Z 
50 

Percentage of Test Session Time 

Figure 7.75 The number of vocalisations recorded from the chicks in the 3-min group during their 
three minute period of social isolation, against the percentage of time spent in the area of the test 
arena closest to the buddy chicks (Areas 1&2; see Figure 5.1) during their subsequent test 
session. 
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Figure 7.76 The mean order, within the 16 crumb attacks made, chicks attacked / ate the first 
crumb, by treatment group and crumb colour (NB an 'attack' is any contact between beak and 
crumb, regardless of whether that crumb is subsequently eaten, or pecked & rejected; for each bar, 
only data from chicks attacking / eating a crumb of that colour are included; non-shaded bars = 0- 
min group, shaded-bars = 3-min group; +/- 1 SEM). 
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Figure 7.77 The mean order, within the 16 crumb attacks made, chicks attacked / ate crumbs, by 
treatment group and crumb colour (NB an 'attack' is any contact between beak and crumb, 
regardless of whether that crumb is subsequently eaten, or pecked & rejected; for each bar, only 
data from chicks attacking / eating a crumb of that colour are included; non-shaded bars = 0-min 
group, shaded-bars = 3-min group; +/- 1 SEM). 
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Figure 7.78 The mean percentage of red and green crumbs attacked by the chicks in the 0-min 

group in each of the ten Floor Areas (with Area 1 closest to the buddy chicks - see Figure 5.1), 
together with the mean percentage of test session time they spent in each area. (Red diamonds = 
red crumbs; green squares = green crumbs; black circles = time; +/- 1 SEM). 
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Figure 7.79 As Figure 7.78, but for the chicks in the 3-min group. 
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