3 The nature of emotion

In this chapter the nature of emotion, and its functions, are considered, to provide a
foundation for exploring the brain mechanisms involved in emotion in Chapter 4. It is
important when considering the ncural bases of emotion to know what types of stimuli
elicit emotions. This is considcred here, and helps to focus analysis on certain types of
brain processing in Chapter 4. It is also important to know what the functions of emotion
are, for they provides a guide to the neural output systems which may be expected to
receive inputs from the brain regions involved in emotions.

Certain more general issues about emotion are left until later in the book, after the
brain mechanisms involved in emotion and in related behaviours have been described.
One such issuc is that of emotional feclings, which is part of the much larger issue of
consciousness. This issue is left until Chapter 9. Another issue is the interesting one of
emotion and brain design. Why do we have emotions? Are emotions crucial to brain
design and evolution? This issue, which deals with the adaptive value of emotion in
relation to evolution by natural selection, is left until Chapter 10, where it is suggested
that emotion is fundamental to the design of any adaptive brain with flexible behaviour.
That will conclude our exploration of reward, punishment, emotion, motivation, their
brain mechanisms, and why we have these processes.

3.1 A theory of emotion
3.1.1 Introduction

What are emotions? This is a question that almost everyone is interested in. There have
been many answers, many of them surprisingly unclear and ili-defined (see Strongman
1996, Oatley and Jcnkins 1996). William James (1884) was at lcast clear about what he
thought. He believed that emotional experiences were produced by sensing bodily changes,
such as changes in heart rate or in skeletal muscles. His view was that “We feel frightcned
because we are running away”. But he left unanswered the crucial question even for his
. theory, which is: Why do some events make us run away (and then feel emotional),
whereas others do not?

A more modern theory is that of Frijda (1986), who argues that a change in action
readiness is the central core of an emotion. Oatley and Jenkins (1996, p. 96) make this
part of their definition too, stating that the core of an emotion is readiness to act and the
prompting of plans, But surely subjects in recaction time experiments in psychology who
are continually for thousands of trials altering their action rcadiness are very far indeed
from having normal or strong emotional expericnces? Similarly, we can perform an action
‘in response to a verbal request (¢.g. open a door), yet may not experience great emotion
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when performing this action, Another example might be the actions that are performed in
driving a car on a routine trip—we get ready, and many actions are performed, often quite
automatically, and little emotion occurs. So it appears that there is no necessary link
between performing actions and emotion. This may not be a clcar way to define cmotion.

Because it is useful to be able to specify what emotions are, in this chapter we consider
a systematic approach to this question. Part of the route is to ask what causes emotions.
Can clear conditions be specified for the circumstances in which emotions occur? This is
considered in Section 3.1.2. Continuing with this theme, when we have come to understand
the conditions under which emotions occur, does this help us to classify and describe
different cmotions systematically, in terms of differences between the different conditions
that cause emotions to occur? A way in which a systematic account of different emotions
can be provided is described in Section 3.1.3. A major help in understanding emotions
would be provided by understanding what the functions of emotion are. It turns out that |
emotions have quite a number of different functions, each of which helps us to understand
cmotions a little more clearly. These different functions of emotion are described in
Section 3.1.5. Understanding the diffcrent functions of emotion helps us to understand
also the brain mechanisms of emotion, for it helps us to sce that emotion can operate to
affect several different output systems of the brain. With this background of the factors
that causc emotion, and what emotion in turn does, we are in a good position to
understand the brain systems that determinc whether emotion is produced and that
implement behavioural, autonomic, and endocrine responses to emotion-provoking stim-
uli. These analyses leave open though a major related question, which is why emotional
states feel like something to us. This it transpires is part of the much larger, though more
speculative, issue of consciousness, and why anything should feel likc something to us.
This aspect of emotional feelings, because it is part of the much larger issuc of conscious-
ness, is deferred until Chapter 9. In this chapter, in considering the function of emotions,
the idea is presented that cmotions are part of a system which helps to map certain classes
of stimuli, broadly identified as rewarding and punishing stimuli, to action systems. Part of
the idea is that this enables a simple interface between such stimuli and actions. This is an
important area in its own right, which goes to the heart of why animals are built to
respond to rewards and punishments. This issue is taken up in a comprehensive way in
Chapter 10,

The suggestion is that we now have a way of systematically approaching the nature of |
emotion, their functions, and their brain mechanisms. Doubtless in time there will be
changes and additions to the overall picture. But the suggestion is that the ideas presented
here do provide a firm and systematic foundation for understanding emotions, their
functions, and their brain mechanisms.

3.1.2 Definitions

I will first introduce the definition of emotion that I propose (Rolls 1986a,b, 1990b, 1995c).
The essence of the proposal is that emotions are states elicited by rewards and punishers,
including changes in rewards and punishments. A reward is anything for which an animal
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will work. A punisher is anything that an animal will work to escape or avoid, An example
of an emotion might thus be happiness produced by being given a reward, such as a hug, a
pleasant touch, praisc, winning a large sum of money, or being with someone whom one
loves. All these things are rewards, in that we will work to obtain them. Another example
of an emotion might be fear produced by the sound of a rapidly approaching bus when we
are cycling, or the sight of an angry expression on someone’s face. We will work to avoid
such stimuli, which are punishers. Another example might be frustration, anger, or sadness
produced by the omission of an expected reward such as a prize, or the termination of a
reward such as the death of a loved onc. Another example might be relief, produced by
the omission or termination of a punishing stimulus, for example the removal of a painful
stimulus, or sailing out of danger. These examples indicate how emotions can be produced
by the delivery, omission, or termination of rewarding or punishing stimuli, and go some
way to indicate how different emotions could be produced and classified in terms of the
rewards and punishers received, omitted, or terminated.

Before accepting this proposal, we should consider whether there are any exceptions to
the proposed rule. Arc any emotions caused by stimuli, events, or remembered cvents that
are not rewarding or punishing? Do any rewarding or punishing stimuli not cause
emotions? We will consider these questions in more detail in the next few pages. The
point is that if there are no major cxceptions, or if any exceptions can be clearly
encapsulated, then we may have a good working definition at least of what causes
emotions. Moreover, it is worth pointing out that many approaches to or theories of
emotion have in common that part of the process involves ‘appraisal’ (c.g. Frijda 1986;
Oatley and Johnson-Laird 1987; Lazarus 1991; Izard 1993; Stein, Trabasso and Liwag
1994). This is part, for example, of the suggestion made by Oatley and Jenkins (1996), who
on p. 96 write that “an emotion is usually caused by a person consciously or unconsciously
evaluating an cvent as relevant to a concern (a goal) that is important; the emotion is felt
as positive when a concern is advanced and negative when a concern is impeded”. The
concept of appraisal presumably involves in all these theories assessment of whether
something is rewarding or punishing, that is whether it will be worked for or avoided. The
description in terms of reward or punishment adopted here simply seems much more
precisely and operationally specified. In the remainder of this section, we will also
consider a slightly more formal definition than rewards or punishers, in which the concept
of reinforcers is used, and show how there has been a considerable history in the
development of ideas along this line.

Emotions can usefully be defined as states produced by instrumental reinforcing stimuli
{(Millenson 1967; Weiskrantz 1968; J. Gray 1975, Chapter 7; J. Gray 1981). (Earlier views,
to which these more recent theories are related, include those of Watson 1929, 1930;
Harlow and Stagner 1933; and Amsel 1958, 1962.) This definition is extended below.
(Instrumental reinforcers are stimuli which if their occurrence, termination, or omission is
made contingent upon the making of a response, alter the probability of the future
emission of that response. Part of the point of introducing reinforcers into the definition
of emotion-provoking stimuli, events, or remembcred events, is that this provides an
operational definition of what causes an emotion. Another reason for introducing rein-
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forcers into the definition is that different emotions can then be partly classified in terms
of different reinforcement contingencies. I note that the definition provided above should
be taken to include the formulation ‘emotions can be defined as states produced by stimuli
which can be shown to be instrumental reinforcers’, for the formal conditions for
demonstrating that a stimulus is a reinforcer may not always be present when such a
stimulus is delivered, omitted, or terminated.) Some stimuli are unlearned (or ‘primary)
reinforcers (e.g. the taste of food if the animal is hungry, or pain); while others may
become reinforcing by learning, because of their association with such primary reinforcers,
thereby becoming ‘secondary reinforcers’. This type of learning may thus be called
‘stimulus—rcinforcement association’, and probably occurs via a process like that of
classical conditioning. It is a form of pattern association between two stimuli, one of which
is a primary reinforcer, and the other of which becomes a secondary reinforcer (see Rolls
and Treves 1998). (It is not stimulus—response or habit learning, in which the association is
to a responsc, and in which other brain systems are implicated—sce Rolls and Treves
1998, Chapter 9.} If a reinforcer increascs the probability of emission of a response on
which it is contingent, it is said to be a ‘positive reinforcer’ or ‘reward’; if it reduces the
probability of such a response it is a ‘ncgative reinforcer’ or ‘punisher’. For example, fear
is an emotional state which might be produccd by a sound that has previously been
associated with an electrical shock. Shock in this example is the primary negative
reinforcer, and fear is the emotional state which occurs to the tone stimulus as a result of
the learning of the stimulus (i.e. tone)-reinforcement (i.e. shock) association. The tone in
this example is a conditioned stimulus because of classical conditioning, and has sccondary
reinforcing properties in that responscs will be made to escape from it and thus avoid the
primary reinforcer, shock.

The converse reinforcement contingencies produce the opposite effects on behaviour,
The omission or termination of a positive reinforcer (‘extinction’ and ‘time out’ respec-
tively, sometimes described as ‘punishing’), reduce the probability of responses. Responses
followed by the omission or termination of a negative reinforcer incrcase in probability,
this pair of rcinforcement opcrations being termed ‘active avoidance’ and ‘escape),
respectively (see J. Gray 1975, Chapter 4; Mackintosh 1983, pp. 19-21; Dickinson 1980;
and Pearcc 1996, for further discussions of this terminology).

A useful convention to distinguish between emotion and a mood state is as follows. An
emotion consists of cognitive processing which results in a decoded signal that an
cnvironmental event (or remembered event) is reinforcing, together with the mood state
produced as a result. If the mood state is produced in the absence of the external sensory
input and the cognitive decoding (for example by dircct electrical stimulation of the
amygdala, sce Section 5.2), then this is described only as a mood state, and is different
from an emotion in that therc is no object in the environment towards which the mood
state is dirccted. (In that emotions are produced by stimuli or objects, and thus emotions
“take or have an object”, emotional states are cxamples of what philosophers call
intentional states.) It is useful to point out that there is great opportunity for cognitive
processing (whether conscious or not) in cmotions, for cognitive processes will very often
be requircd to detcrmine whether an environmental stimulus or event is reinforcing (see
further Section 3.1.4),




A theory of emotion

S+

—— Ecstasy
—— Elation

—1— Pleasure
Rage Anger Frustration Reliet
S+ or S+ | --- % = { } ! } - S- or S- !

Grief Sadness

—— Apprehension

[~ Fear

—— Terror

4

Fig. 3.1 Some of the emotions associated with different reinforcement contingencies are indicated.
Intensity increases away from the centre of the diagram, on a continuous scale. The classification scheme
created by the different reinforcement contingencies consists of: (1) the presentation of a positive rein-
forcer (S1); (2) the presentation of a negative reinforcer (S—); (3} the omission of a positive reinforcer 8+
or the termination of a positive reinforcer (S+1); and (4} the omission of a negative reinforcer {S=) or the
termination of a negative reinforcer (S—1).

3.1.3 Different emotions

The different emotions can be described and classified according to whether the reinforcer
is positive or negative, and by the reinforcement contingency. An outline of the classifica-
tion scheme thus created is shown in Fig. 3.1. Movement away from the centre of the
diagram represents increasing intensity of emotion, on a continuous scale. The diagram
shows that emotions associated with the presentation of a positive reinforcer (S+) include
pleasure, elation and ecstasy. Of course, other emotional labels can be included along the
same axis. Emotions associated with the prescntation of a negative reinforcer (§—) include
apprehension, fear, and terror (see Fig. 3.1). Emotions associated with the omission of a
positive reinforcer (S+) or the termination of a positive reinforcer (S+!) include frustra-
tion, anger and rage. Emotions associated with the omission of a negative reinforcer (8-
or the termination of a negative reinforcer (S—!) include relief. Although the classification
of emotion presented here differs from earlier theories, the approach adopted here of

defining and classifying emotions by reinforcing effects is onc that has been developed in a

number of earlier analyses (Millenson 1967; J. Gray 1975, 1981; Rolls 1986a,b, 1990b; sce

Strongman 1996).
The mechanisms described here would not be limited in the range of emotions for
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which they could account. First, different classes of emotion could arise because of
different reinforcement contingencies, as described above and indicated in Fig. 3.1.

Second, differcnt intensities within these classcs can produce different degrees of -
emotion (scc above and Millenson 1967). For example, as the strength of a positive
reinforcer being presented increases, emotions might be labelled as pleasure, clation, and
ecstasy. Similarly, as the strength of a negative reinforcer being presented increases,
emotions might be labclled as apprehension, fear, and terror (sce Fig. 3.1). It may be
noted here that anxiety can refer to the state produced by stimuli associated with
non-reward or punishment (J. Gray 1987).

Third, any environmental stimulus might have a number of different reinforcement
associations. For example, a stimulus might be associated both with the presentation of a
reward and of a punishment, allowing states such as conflict and guilt to arise. The
different possible combinations greatly increasc the number of possible ¢cmotions.

Fourth, emotions elicited by stimuli associated with differcnt primary reinforcers will be
different even within a reinforcement category (i.e. with the same reinforcement contin-
gency), because the original reinforcers are different. Thus, for example, the state elicited
by a stimulus associated with a positive reinforcer such as the taste of food will be
diffcrent from that clicited by a positive reinforcer such as grooming. Indeed, it is an
important feature of the association memory mechanisms described here that when a
stimulus is applied, it acts as a key which ‘looks up’ or recalls the original primary
reinforcer with which it was associated. Thus emotional stimuli will differ from each other
in terms of the original primary reinforcers with which they were associated. A summary
of many diffcrent primary reinforcers is provided in Table 10.1, and inspection of this will
show how quite a number of emotions are produced typically by certain primary rein-
forcers. For example, from Table 10.1 it might be surmised that onc of the biological
origins of thc emotion of jealousy might be the state elicited in a male when his partner is
courted by another male, because this threatens his parental investment.

A fifth way in which emotions can be different from each other is in terms of the
particular (conditioned) stimulus which elicits the emotion. Thus, even though the rein-
forcement contingency and even the unconditioned reinforcer may be identical, emotions
will still be different cognitively, if the stimuli which give rise to the emotions are different
(that is, if the objects of the emotion arc different). For cxample, the emotional state
clicited by the sight of onc person may be different from that elicited by the sight of
another person because the people, and thus the cognitive evaluation associated with the
perception of the stimuli, are different.

A sixth possible way in which emotions can vary arises when the environment constrains
the types of behavioural response which can be made. For example, if an active be-
havioural response can occur to the omission of an S+, then anger might be produced,
but if only passive behaviour is possible, then sadness, depression or grief might occur.

By realizing that these six possibilities can occur in different combinations, it can be
scen that it is possible to account for a very wide range of emotions, and this is believed to
be one of the strengths of the approach described here. It is also the case that the extent
to which a stimulus is reinforcing on a particular occasion (and thus the emotion
produced) depends on the prior history of reinforcements (both recently and in the longer
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term), and that mood state can affect the degree to which a stimulus is reinforcing (see
Section 4.8).

3.1.4 Refinements of the theory of emotion

The definition of cmotions given above, that they are states produced by reinforcing
stimuli, is refined now (sce further Rolls 1990b).

First, when positively reinforcing stimuli (such as the taste of food or water) are relevant
to a drive state produced by a change in the internal milieu (such as hunger and thirst),
then we do not normally classify these stimuli as emotional, though they do produce
pleasure (sce Chapters 2 and 7). In contrast, emotional states are normally initiated by
reinforcing stimuli that have their origin in the external environment, such as an (external)
noise associated with pain (dclivered by an external stimulus). We may then have
identified a class of reinforcers (in our example, food) which we do not want to say cause
emotions. This then is a refinement of the definition of emotions given above. Fortunately,
we can cncapsulate the set of recinforcing stimuli that we wish to exclude from our
definition of stimuli which produce emotion. They are the set of external reinforcers (such
as the sight of food) which are rclevant to internal homecostatic drives such as hunger and
thirst, which are controlled by internal need-related signals such as the concentration of
glucose in the plasma (see Chapters 2 and 7). However, there is room for plenty of further
discussion and refinement here. Perhaps some people (especially French people?) might
say that they do experience emotion when they savour a wonderful food. There may well
be cultural differences here in the semantics of whether such reinforcing stimuli shouid be
included within the catcgory that produce emotions. Another area for discussion is how we
wish to categorize the reinforcers associated with sexual behaviour. Such stimuli may be
made to be rewarding, and to fecl pleasurable, partly because of the internal hormonal
state. Does this mean that we wish to cxclude such stimuli from the class that we call
emotion-provoking, in the same way that we might exclude food reward from the class of
stimuli that arc said to cause emotion, because the reward value of food depends on an
internal controlling signal? I am not sure that there is a perfectly clear answer to this. But
this may not matter, as long as we understand that there are some rewarding stimuli that
some may wish to cxclude from those that cause emotional states.

Second, cmotional states can be produced by remembered external reinforcing stimuli.
(Indeed, the remembered neuronal states are, it is thought, very similar to those produced
by a real sensory input, in all but the early stages of sensory processing; see Rolls 1989a;
Rolls and Treves 1998).

Third, the stimulus which produces the emotional state does not have to be shown to be
a reinforcer when producing the emotional statc—it simply has to be capable of being
shown to have reinforcing properties. The emotion-provoking stimulus has rewarding or
punishing properties, and is a goal for action.

Fourth, the definition given provides great opportunity for cognitive processing (whether
conscious or not) in cmotions, for cognitive processes will very often be required to
determine whether an environmental stimulus or event is reinforcing. Normally an
emotion consists of this cognitive processing which results in a decoded signal that the
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environmental event is reinforcing, together with the mood state produced as a result. If
the mood state is produced in the abscnce of the external sensory input and the cognitive
decoding (for example by direct clectrical stimulation of the amygdala, see Rolls 1975),
then this is described only as a mood state, and is diffcrent from an emotion in that there
is no object in the environment towards which the mood state is directed. It is suggested
that, in order to produce some stability of mood, the firing rates of the neurons that are
activated by external reinforcing stimuli to produce mood states must therefore have their
spontaneous firing rates carefully controlled by the brain. (Many brain systems use lateral
inhibition in order to maintain sensitivity to contrast constant, but this is not possible in
the emotion system in which absolute levels of reinforcer must be represented over
moderately long time spans.) The difficulty of maintaining a constant absolute level of
firing in neurons such as these may contribute to ‘spontaneous’ mood swings, depression
which occurs without a clear external cause, and the multiplicity of hormonal and
transmitter systems which seem to be involved in the control of mood (sce Chapter 6).

Having said this, it also seems to be the case that there is some ‘regression to a constant
value’ for cmotional stimuli. What 1 mean by this is that we are sensitive to some extent
not just to the absolute level of reinforcement being received, but also to the change in the
rate or magnitude of reinforcers being received. This is well shown by the phenomena of
positive and negative contrast effccts with rewards. Positive contrast occurs when the
magnitudce of a reward is increased. An animal will work very much harder for a period
(perhaps lasting for minutes or longer) in this situation, before gradually reverting to a
rate closc to that at which the animal was working for the small reinforcement. A
comparable contrast effect is seen when the reward magnitude (or rate at which rewards
arc obtained) is reduced—there is a negative overshoot in the rate of working for a time.
This phenomenon is adaptive. It is evidence that animals are in part scnsitive to a change
in reinforcement, and this helps them to climb gradients to obtain better rewards. In
effect, regardless of the absolute level of reinforcement being achieved, it is adaptive to be
sensitive to a change in reinforcement. If this were not true, an animal receiving very little
reinforcement but then obtaining a small increase in positive reinforcement might still be
working very little for the reward. But it is much more adaptive to work hard in this
situation, as the extra little bit of reward might make the differencc between survival or
not. A similar phenomenon may be evident in humans. Pcople who have very little in the
way of rewards, who may be poor, have a poor diet, and may suffer from diseasc, may
nevertheless not have a baseline level of happiness that is necessarily very different from
that of a person in an affluent society who in absolute terms apparently has many more
rewards. This may be due in part to resctting of the bascline of expected rewards to a
constant value, so that we are especially sensitive to changes in rewards (or punishers) (cf.
Solomon and Corbit 1974; Solomon 1980).

The approach described above shows that the learning of stimulus—reinforcer associa-
tions is the learning involved when emotional responses are learned. In so far as the
majority of stimuli which produce our emotional responses do so as a result of learning,
this type of learning, and the brain mechanisms which underlie it, arc crucial to the
majority of our emotions. This, then, provides a theoretical basis for understanding the
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classical conditioning of an cmotional response such as fear to a tone associated with
shock. The amygdala and orbitofrontal cortex appear to be especially involved in this first
stage of this type of learning, by virtue of their function in forming and correcting
stimulus-reinforcement associations (see below). The second stage would be instrumental
learning of an operant response, motivated by and performed in order to terminate the
fear-inducing stimulus (see J. Gray 1975; Rolls 1990b). This two-stage lcarning process was
suggested as being important for avoidance learning by N. E. Miller and O. H. Mowrer
(see J. Gray 1975). The suggestion made here is that this general type of two-stage
learning process is closely related to the design of animals for many types of behaviour,
including emotional behaviour. It simplifies the interface of sensory systems to motor
systems. Instead of having to learn a particular response to a particular stimutus by slow,
habit, trial and error, learning, two-stage learning allows very fast (often one trial) learning
of an emotional statc to a rewarding or punishing stimulus. Then the motor system can
operate in quite a general way, using many previously lcarned strategies, to approach the
reward or avoid the punisher, which act as goals. This not only gives great flexibility to the
interface, but also makes it relatively simple. It means that the reward value of a number
of different stimuli can be decoded at roughly the same time. A behavioural decision
system can then compare the different rewards available, in that they have a form of
‘common currency’. (The value of each type of reward in this ‘common currency’ will be
affected by many different factors, such as need state, e.g. hunger; how recently that
reward has been obtained (see Chapter 10); the necessity in evolution to set each type of
reward so that it sometimes is chosen if it is important for survival; etc.) The decision
syster can then choose between the rewards, based on their value, but also on the cost of
obtaining each reward (see Chapter 10). After the choice has been made, the action or
motor system can then switch on any behavioural responses possible, whether learned or
not, in order to maximize the reward signal being obtained. The magnitude of the reward
signal being obtaincd would be indicated just by the firing of the neurons which reflect the
value of reward being obtained (e.g. the taste of a food if hungry, the pleasantness of
touch, etc.), as described in Chapters 2 and 4. The actual way in which the appropriate
response or action is learned may depend on response—reinforcer association learning, or
on some more general type of purposive behaviour that can be learned to obtain goals (see
Mackintosh and Dickinson 1979; Pearce 1996 Chapter 6).

A third function of emotion is that it is motivating. For example, fear learned by
stimulus—reinforcer association formation provides the motivation for actions performed
to avoid noxious stimuli. Similarly, positive reinforcers elicit motivation, so that we will
work to obtain the rewards. Another example where emotion affects motivation is when a
reward becomes no longer available, that is frustrative non-reward (see Fig. 3.1). If an
action is possible, then increased motivation facilitates behaviour to work harder to obtain
that reinforcer again or another reinforcer. Tf no action is possible to obtain again that
positive reinforcer (e.g. after a death in the family), then as described in Section 3.1.3,
grief or sadness may result. This may be adaptive, by preventing continuing attempts to
regain the positive reinforcer which is no longer available, and helping the animal in due
course to therefore be sensitive to other potential reinforcers to which it might be
adaptive to switch. As described in Chapter 9, if such frustrative non-reward occurs in
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humans when no action is possible, depression may occur. A depressed state which lasts
for a short time may be seen as being adaptive for the rcason just given. However, the
depression may last for a very long time perhaps because long-term explicit (conscious)
knowledge in humans enables the long-term consequences of loss of the positive rein-
forcer to be evaluated and repeatedly brought to mind as described in Chapter 9 and in
Section 10.6, and this may make long-term (psychological) depression maladaptive.

A fourth function of emotion is in communication. For example, monkeys may commu-
nicate their emotional state to others, by making an open-mouth threat to indicate the
extent to which they are willing to compete for resources, and this may influence the
behaviour of other animals. Communicating emotional states may have survival value, for
examplc by reducing fighting. There are necural systems in the amygdala and overlying
temporal cortical visual areas which are specialized for the face-related aspects of this
processing, that is for decoding for example facial expression or gesture (see Chapter 4).

A fifth function of emotion is in social bonding. Examples of this are the emotions
associated with the attachment of the parents to their young, with the attachment of the
young to their parents, and with the attachment of the parents to each other. In the theory
of the ways in which the genes affect behaviour (‘selfish gene’ theory, see R. Dawkins
1989), it is held that (because, e.g., of the advantages of parental care) all these forms of
emotional attachment have the effect that genes for such attachment are more likely to
survive into the next generation. Kin-altruism can also be considered in thesc terms (see
¢.g. R. Dawkins 1989; Chapter 10, Footnote 1).

A sixth function of emotion may be generalized from the above. It may be suggested
that anything that feels pleasant to the organism, and is positively reinforcing, so that
actions made to obtain it are performed, has survival value. (Stimuli which act as implicit
or unconscious rewards should also act to produce plcasant feelings in the explicit or
conscious processing system, so that both the implicit and explicit routes to action operate
largely consistently—see Chapter 9.) One example of this is slight novelty, which may feel
good and be positively reinforcing becausc it may lead to the discovery of better
opportunities for survival in the environment (e.g. a new food). It is crucial that animals
that succeed in the genetic competition which drives evolution have genes which encour-
age them to explore new environments, for then it is possible for the genes which happen
to be present in an individual to explore the large multidimensional space of the
environment in which they might succeed. Another example is gregariousness, which may
assist the identification of new social partners, which could provide advantage. Probably
related to the effects of novelty is sensory-specific satiety, the¢ phenomenon whereby
pleasant tastes during a meal gradually become less pleasant as satiety approaches (see
Rolls 1986¢, 1989b, 1993a). This may be an aspect of a more general adaptation to ensure
that behaviour does eventually switch from one reinforcer to another. Comparably, it is
likely that natural selection acting on genes will lcad to unpleasant feelings, and negative
reinforcement, being associated with behaviour which does not have survival value, at least
in cases where genes can influence matters. (Of course the genes may be misled
sometimes and lead to behaviour which does not have survival value, as when for example
the non-nutritive sweetener saccharin is eaten by animals. This docs not disprove the
theory, but only points out that the genes cannot specify correctly for every possible
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stimulus or event in the environment, but must only on average lead to behaviour feeling
pleasant that increases fitness, i.e. is appropriate for gene survival.)

A seventh effect of cmotion is that the current mood state can affect the cognitive
evaluation of events or memories (see Blaney 1986), and this may have the function of
facilitating continuity in the interpretation of the reinforcing value of events in the
environment. A theory of how this occurs is presented in Section 4.8 ‘Effects of emotions
on cognitive processing’.

An eighth function of emotion is that it may facilitate the storage of memories. One way
in which this occurs is that episodic memory (i.c. one’s memory of particular episodes) is
facilitated by emotional states. This may be advantageous in that storage of as many
details as possible of the prevailing situation when a strong reinforcer is delivered may be
uscful in generating appropriate behaviour in situations with some similarities in the
future. This function may be implemented by the relatively non-specific projecting systems
to the cerebral cortex and hippocampus, including the cholinergic pathways in the basal
forebrain and mcdial septum, and the ascending noradrenergic pathways (see Section 4.7,
Rolls and Treves 1998; Wilson and Rolls 1990a,b). A sccond way in which emotion may
affect thc storage of memorics is that the current emotional state may be stored with
episodic memories, providing a mechanism for the current emotional state to affect which
memories are recalled. In this sense, emotion acts as a contextual retrieval cue, that as
with other contextual effects influences the retrieval of episodic memories (see Rolis and
Treves 1998). A third way in which emotion may affect the storage of memories is by
guiding the cerebral cortex in the representations of the world which are set up. For
example, in the visual system, it may be useful to build perceptual representations or
analysers which are different from each other if they are associated with different
reinforcers, and to be less likely to build them if they have no association with reinforce-
ment. Ways in which backprojections from parts of the brain important in emotion (such
as the amygdala) to parts of the cerebral cortex could perform this function are discussed
in Section 4.8, ‘Effects of emotions on cognitive processing’; by Rolls (1989a, 1990b,
1992b); and by Rolls and Treves (1998).

A ninth function of emotion is that by enduring for minutes or longer after a reinforcing -
stimulus has occurred, it may help to produce persistent motivation and direction of
behaviour.

A tenth function of emotion is that it may trigger recall of memories stored in
neocortical represcntations. Amygdala backprojections to the cortex could perform this for
emotion in a way analogous to that in which the hippocampus could implement the
retrieval in the neocortex of recent (episodic) memories (sce Rolls and Treves 1998).

It is uscful to have these functions of emotion in mind when considering the neural
basis of emotion, for each function is likely to have particular output pathways from
cmotional systems associated with it.

3.1.6 The James-Lange and other bodily theories of emotion

James (1884) believed that emotional expericnces were produced by sensing bodily
changes, such as changes in heart rate or in skeletal muscles. Lange (1885) had a similar
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James-l.ange theory of emotion

Cortex

Sensory receplor

Skeletal muscle

Viscera

Fig. 3.2 The James-Lange theory of emotion proposes that there are three steps in producing emotional
feelings. The first step is elicitation by the emotion-provoking stimulus (received by the cortex via pathway
1 in the Figure) of peripherat changes, such as skeleto-muscular activity to run away, and autenomic
changes, such as alteration of heart rate (via pathways labelled 2 in the Figure). The second step is the
sensing of the peripheral responses (e.g. altered heart rate, and somatosensory effects produced by
running away) (via pathways labelled 3 in the Figure). The third step is elicitation of the emotional feeling
in response to the sensed feedback from the periphery.

view, although he emphasized the role of autonomic feedback (for example from the
heart) in producing the experience of emotion. The theory, which became known as the
James-Lange theory, suggested that there are three steps in producing emotional feelings
(see Fig. 3.2). The first step is elicitation by the emotion-provoking stimulus of peripheral
changes, such as skeleto—muscular activity to produce running away, and autonomic
changes, such as alteration of heart rate. But, as pointed out above, the theory leaves
unanswered perhaps the most important issuc in any theory of emotion: Why do some
events make us run away (and then feel emotional), whereas others do not? This is a
major weakness of this type of theory. The second step is the sensing of the peripheral
responses (¢.g. running away, and altered heart rate). The third step is elicitation of the
emotional feeling in response to the sensed feedback from the periphery.

The history of research into peripheral theories of emotion starts with the fatal flaw that
step one (the question of which stimuli ¢licit emotion-related responses in the first place)
leaves unanswered this most important question. The history continues with the accumula-
tion of empirical evidence which has gradually weakened more and more the hypothesis
that peripheral responses made during emotional behaviour have anything to do with
producing the emotional behaviour (which has largely alrcady been produced anyway
according to the James—Lange theory), or the emotional feeling. Some of the landmarks in
this history are as follows. First, the peripheral changes produced during emotion are not
sufficiently distinct to be able to carry the information which would enable one to have
subtly different emotional feelings to the vast range of different stimuli that can produce
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diffcrent emotions. The evidence suggests that by measuring many peripheral changes in
emotion, such as heart rate, skin conductance, breathing rate, and hormones such as
adrenaline and noradrenaline (known in the United States by their Greek names
epinephrine and norcpinephrine), it may be possible to make coarse distinctions between,
for example, anger and fear, but not much finer distinctions (Wagner 1989; Cacioppo ef al.
1993; Oatley and Jenkins 1996). Second, when emotions are evoked by imagery, then the
peripheral responses are much less marked and distinctive than during emotions produced
by external stimuli (Ekman er a/. 1983; Stemmler 1989; Levenson er al. 1990). This makes
sense in that although an emotion cvoked by imagery may be strong, there is no need to
producc strong peripheral responses, because no behavioural responses are required.
Third, disruption of peripheral responses and fcedback from them surgically (for example
in dogs, Cannon 1927, 1929, 1931), or as a result of spinal cord injury in humans
(Hohmann 1966; Bermond et al. 1991) does not abolish emotional responses. What was
found was that in some patients there was apparently some reduction in emotions in some
situations (Hohmann 1966), but this could be related to the fact that some of the patients
were severely disabled which could have produced its own consequences for emotionality,
and that in many cases the patients were considerably older than before the spinal cord
damage, which could itself have been a factor. What was common to both studies was that
emotions could be felt by all the patients; and that in some cases, emotions resulting from
mental events were even reported as being stronger (Hohmann 1966; Bermond et al.
1991). Fourth, when autonomic changes are elicited by injections of, for example,
adrenaline or noradrenaline, particular emotions are not produced. Instcad, the emotion
that is produced depends on the cognitive decoding of the reinforcers present in the
situation, for example an actor who insults your parents to make you angry, or an actor
who plays a game of hula hoop to make you feel happy (Schachter and Singer 1962). In
this situation, the hormone adrenaline or noradrenaline can alter the magnitude of the
emotion, but not which emotion is felt. This is further evidence that it is the decoded
reinforcement valuc of the input stimulus or events which determines which emotion is
felt. The fact that the hormone injections produced some change in the magnitude of an
emotion is not very surprising. If you felt your heart pounding for no explicable reason,
you might wonder what was happening, and therefore react more or abnormally. Fifth, if
the peripheral changes associated with emotion are blocked with drugs, then this does not
block the perception of emotion (Reisenzein 1983). Sixth, it is found that in normal life,
behavioural expressions of emotion (for example smiling at a bowling alley) do not usually
occur when one might be expected to feel happy because of a success, but instead occur
when one is looking at one’s friends (Kraut and Johnson 1979). These body responses,
which can be very bricf, thus often serve the needs of communication, or of action, not of
producing emotional feelings.

3.1.6.1 The somatic marker hypothesis

Despite this rather overwhelming evidence against an important role for body responses in
producing emotions or emotional feelings, Damasio (1994) has effectively tried to resur-
rect a weakened version of the James—Lange theory of emotion from the last century, by
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arguing with his somatic marker hypothesis that after reinforcers have been evaluated, a
bodily response (‘somatic marker’) normally occurs, then this leads to a bodily feeling,
which in turn is appreciated by the organism to then make a contribution to the
decision-making process. (In the James-Lange theory, it was emotional feelings that
depend on peripheral feedback; for Damasio, it is the decision of which behavioural
responsc to make that is normally influenced by the peripheral feedback. A quotation
from Damasio (1994, p190) follows: *The squirrel did not rcally think about his various
options and calculate the costs and benefits of cach. He saw the cat, was jolted by the body
state, and ran.” Here it is clear that the pathway to action uses the body state as part of the
route. Damasio would also like decisions to be implemented using the peripheral changes
elicited by emotional stimuli. Given all the different reinforcers which may influence
behaviour, Damasio (1994) even suggests that the net result of them all is reflected in the
net peripheral outcome, and then the brain can sense this net peripheral result, and thus
know what decision to take.) The James—Lange theory has a number of major weaknesses
just outlined which apply also to the somatic marker hypothesis. Another major weakness,
which applies to both the James—Lange and to Damasio’s somatic marker hypothesis, is
that they do not take account of the fact that once an information processor has
determined that a response should be made or inhibited based on reinforcement associa-
tion, a function attributed in the theory proposed in this chapter and by Rolls (1986a,b,
1990b) to the orbitofrontal cortex, it would be very inefficient and noisy to place in the
execution route a peripheral response, and transducers to attempt to measurc that
peripheral responsc, itself a notoriously difficult procedure (sce, e.g., Grossman 1967).
Even for the cases when Damasio (1994) might argue that the peripheral somatic marker
and its feedback can be by-passed using conditioning of a representation in, ¢.g., the
somatosensory cortex to a command signal (which might originate in the orbitofrontal
cortex), he apparently would still wish to argue that the activity in the somatosensory
cortex is important for the emotion to be appreciated or to influence behaviour. (Without
this, the somatic marker hypothesis would vanish.) The prediction would apparently be
that if an emotional response were produced to a visual stimulus, then this would
necessarily involve activity in the somatosensory cortex or other brain region in which the
‘somatic marker’ would be represented. This prediction could be tested (for example in
patients with somatosensory cortex damage), but it seems most unlikely that an emotion
produced by a visual reinforcer would require activity in the somatosensory cortex to feel
emotional or to elicit emotional decisions. The alternative view proposed here (and by
Rolls 1986a,b, 1990b) is that where the reinforcement value of the visual stimulus is
decoded, namely in the orbitofrontal cortex and the amygdala, is the appropriate part of
the brain for outputs to influence behaviour (via, e.g., the orbitofrontal-to-striatal connec-
tions), and that the orbitofrontal cortex and amygdala, and brain structures that receive
connections from them, are the likely places where neuronal activity is directly related to
the felt emotion (sce further Rolls 1997a.d and Chapter 9).

3.1.7 Individual differences in emotion, and personality

H. J. Eysenck developed the theory that personality might be related to different aspects
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of conditioning. He analysed the factors that accounted for the variance in the differences
between the personality of different humans (using, for example, questionnaires), and
suggested that the first two factors in personality (those which accounted for most of the
variance) were introversion vs extraversion, and neuroticism (related to a tendency to be
anxious). He performed studies of classical conditioning on groups of subjects, and also
obtained measures of what he termed arousal. Based on the correlations of these
measures with the dimensions identified in the factor analysis, he suggested that introverts
showed greater conditionability than extraverts; and that neuroticism raises the general
intensity of emotional reactions (see Eysenck and Eysenck 1968).

J. Gray (1970) reinterpreted the findings, suggesting that introverts are more sensitive to
punishment and frustrative non-reward than are extraverts; and that neuroticism reflects
the cxtent of sensitivity to both reward and punishment.

1 do not wish to consider this research arca in detail. However, T do point out that
insofar as sensitivity to reward and punishment, and the ability to learn and be influcnced
by reward and punishment, may be important in personality, and are closely involved in
emotion according to the theory developed here, there may be close links between the
neural bases of emotion, to be described in Chapter 4, and personality.




