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Summary
This chapter describes Jeffrey Gray’s highly influential Behavioural Inhibition System (BIS) theory of anxiety within the wider context of Reinforcement Sensitivity Theory (RST) of personality. It is shown that BIS and RST are based on a model of emotion, motivation, personality and psychopathology that emphasize the existence of two broad affective dimensions, based around reward and punishment systems, with individual differences observed in the functioning of these systems comprising what we commonly call ‘personality’ – which reflects longer-time trait dispositions, as opposed to the immediate/short-term state outputs of the specific neuropsychological systems. In order to describe the scientific basis of the theory, the original version of BIS theory (Gray, 1982) is presented, along with its theoretical foundations and philosophical antecedents, before this version of the theory is compared and contrasted with the major revision by Gray and McNaughton (2000) which elucidates three major systems of emotion and motivation: the Fight-Flight Freeze System (FFFS), the Behavioural Approach System (BAS) and the Behavioural Inhibition System (BIS), which now is seen as reflecting the processing of goal-conflict in general, as opposed to conditioned aversive stimuli in particular. The ways in which activity in these systems relates to psychopathology is discussed. In addition, some new ways of thinking about BIS/RST constructs in the context of what appear to be paradoxical, or counter-productive, behaviours, including the maintenance of neurotic conditions, are discussed – although still somewhat speculative, these ideas are logically-consistent derivations of BIS/RST. The chapter ends with a discussion of some outstanding questions that call for further research attention.
The idea that anxiety and behavioural inhibition are closely related phenomena is now widely accepted. The more specific idea that anxiety is generated by a behavioural inhibition system is gaining increasing support. This emerging theoretical consensus is largely the result of the seminal work of Jeffrey Gray (1976, 1982; Gray & McNaughton, 2000), whose Behavioural Inhibition System (BIS) model of anxiety has been highly influential on thinking and research in the related areas of personality and psychopathology. The BIS model is based on an array of separate lines of experimental evidence, including human experimental (learning) data, psychopharmacology, neurophysiology, psychosurgery and latterly, ethoexperimental data, as well as clinical observations, and, more recently, empirical insights from neuroimaging studies. The original postulation of the BIS represented a tour de force of theoretical insight guided by a detailed analysis of a plethora of experimental phenomena in both man and non-human animals. The BIS theory was a bold postulation with wide-ranging applications.

The aim of this chapter is to summarise the foundations of BIS theory and to outline the major revisions of Gray and McNaughton (2000). It will be important to show how the BIS fits into the larger picture of the neuropsychology of emotion, motivation and psychopathology that Gray’s work encompasses. At this point, it is necessary to appreciate that BIS theory is in a state continual development: it is not a theory set in stone. As evidence of its progressive scientific nature, in 2000, Gray along with Neil McNaughton published a major revision of the original BIS theory (Gray, 1982), in which they updated the model to take account of recent experimental neuropsychological findings, as well as new ways of conceptualising the functional nature of anxiety (see McNaughton & Corr, 2004, 2008a; Corr & McNaughton, 2008). There are still major problems to be solved (see Corr, 2008a), but it is a mark of the theory that different research groups around the world are actively addressing these problems and proposing new solutions to advance this field of enquiry. The work is given by a simple fact: BIS theory is important because anxiety is important, and the success of the former in explaining the latter provides its scientific credentials.
A major offshoot of BIS theory are variations in the causal systems that give rise to anxiety (as well as other emotional states) and, thus, to differences in the proneness of different people to develop anxiety disorders (and other clinical disorders). The theoretical account of these individual differences is now known as Reinforcement Sensitivity Theory (RST) of personality (Corr, 2008a). 
TWO BROAD AFFECTIVE DIMENSIONS
BIS theory may be seen to be part of a broader RST of personality, which postulates that, at the most basic level, there exist two major affective systems (or dimensions) reflecting sensitivities to reward and punishment (i.e., sensitivity to stimuli and events that animals either towards obtaining or work to avoid, respectively). As noted by Fowles (2006), RST is based on the notion that animals are motivated to maximize their exposure to rewarding events and to minimize their exposure to punishing events. Rewarding events comprise the presentation of reward, termination of a punishment, and the omission of an expected punishment; in contrast, punishing events comprise the presentation of punishment, termination of reward, and omission of an expected reward Conditioned stimuli (CSs) paired with these events acquire their emotional and motivational properties.

BIS theory is founded on a state description of neural systems and their relatively short-term emotions and behaviours. It is the activity in these state systems that produce longer-term consistencies in behaviour, that is, traits of personality that predispose people to respond in a predictable manner in different situations.

Unlike other theorists (e.g., H. J. Eysenck, 1967), Gray did not start with statistically recovered/constructed personality factors (traits) and then look for their cause; rather, he set out first to identify the fundamental properties of important brain-behavioural systems that might be involved in the major sources of variation observed in human behaviour (especially clinically-relevant behaviours), and then he attempted to relate (states) variations in these systems to known factors of personality (traits). 
These two broad affective systems/dimensions were later divided into specific biobehavioural systems, evolved to deal with specific challenges posed by rewarding and punishing stimuli. The details of these systems may be complex, but their evolutionary functions are relatively simple: to motivate the animal to approach life-enhancing stimuli (e.g., food, water, sexual partners) and to avoid, or escape from, life-threatening stimuli (e.g., predators, contaminated food, and dangerous places). As we shall see below, some of the more interesting behavioural outcomes of the BIS is when there is a conflict between these two motivational tendencies. In summary, the BIS, as well as the other systems of the broader RST, have specific evolutionary functions; accordingly, they may see seen to represent a fundamental level of motivation and emotion found across the phylogenetic scale (see McNaughton & Corr, 2008b).

Philosophical Parallels
Before discussing the details of the BIS theory, it may be instructive to look back at some philosophical antecedents which show, if nothing else, how the central concerns of BIS theory, and broader RST, have also been the central concerns of moral and political philosophers (see Corr, 2008). The notion that behaviour is governed by two major affective dimensions of pleasure and pain is the cornerstone of several prominent philosophical schools. For example, Cyrenaicism (4th and 3rd centuries B.C.), founded by Aristippus of Cyrene, stressed one side of Socrates' teachings concerning happiness as one of the ends of moral action, with Aristippus arguing that that pleasure was the supreme good. Epicures of Samos (341-270 BC) advocated that, in order to achieve a state of tranquility and freedom from fear, we should seek modest pleasures, as well to avoid, as far as possible, physical pain, achieved through knowledge of the world and our inner desire (this differed from the more hedonistic form of Cyrenaicism in focusing on the absence of pain rather than pursuit of pleasure).  The great Aristotle (384-322 BC) argued in his 'Rhetoric',
“We may lay it down that Pleasure is a movement, a movement by which the soul as a whole is consciously brought into its normal state of being; and that Pain is the opposite.”
Epicureanism was one of the founding schools of hedonism, which finds expression in modern day philosophy which emphasizes the pursuit of pleasure, or the absence of pain, as our main driving force in life – some form of qualitative or quantitative estimate is made for evaluating actions in terms of how much pleasure and how little pain they produce. One example of ‘quantitative hedonisim’ is seen in the work of the English philosopher, Jeremy Bentham (1748-1832), who formulated Utilitarian Theory, which contends that society and governmental public policy should follow the principle of the ‘greatest happiness to the greatest number’. Bentham wrote in Introduction to the Principles of Morals and Legislation (1781):

“Nature has placed mankind under the governance of two sovereign masters, pain and pleasure. It is for them alone to point out what we ought to do as well as to determine what we shall do. On the other hand, the standard of right and wrong, on the other chain of causes and effects, are fastened to their throne. They govern us in all we do, in all we say, in all we think; every effort we can make to throw off our subjection, will serve but to demonstrate and confirm it. In words a man may pretend to abjure their empire: but in reality he will remain subject to it all the while.”

In more contemporary psychology, Sigmund Freud's similarly viewed human motivation in terms of hedonism, albeit a frustrated one, focusing on the life (pursuit of pleasure) and death (avoidance of personal pain) instincts. We could add to this list, but to no great purpose other than to affirm the above.
Today, national governments attempt to manipulate individual behaviour through a number of Bentham-type procedures (e.g., the penal system is the ultimate deterrent for engaging in selfish individual behaviour that imposes a significant cost on the rest of society; and individual actions that are deemed ‘good’ for society are rewarded, for example,  financial concessions for using fuel-efficient vehicles). The specific philosophical details of Bentham’s utility theory may be out of favour, but all societies remain governed by its basic principles.
This all too brief foray into moral philosophy shows that, at its heart, the central concerns of BIS theory are rooted in the practical world of everyday behaviour, which is an aspect of the theory that should not be lost in the complex theoretical and empirical details of the theory. It may also be speculated that ideas governing society take tacit account of the two major systems in the brain that control the behaviour of individual members of society. 
ORIGINAL BIS THEORY
Now we should turn to the details of BIS theory. On the basis of several lines of evidence, Gray (1970, 1976) proposed that anxiety does not arise from conditioning -- a major assumption in the experimental and clinical literature and the basis of behaviour therapy (e.g., see Eysenck, 1979) -- but rather from an innate system that controls behaviour in the face of potential threat. Gray argued that lesion and pharmacological studies with rats showed separate systems controlling behaviour in reaction to the presence of rewarding and punishing stimuli – this assertion paralleled work in learning theory (e.g., Mowrer, 1960) as well as self-stimulation work (e.g., Olds & Milner, 1954). 
In addition, Gray observed that anxious patients, who are typically high on the personality dimensions of introversion and neuroticism, showed reduced scores on both dimensions when administered effective anti-anxiety drugs. In addition, Gray observed that anxious patients, who typically score high on the personality dimensions of introversion and neuroticism, show reduced scores on both dimensions when administered effective anti-anxiety drugs; and these reduced personality scores are reflected in their actual behaviour, i.e., they act in ways that indicate that they are more sociable, relaxed, peaceful and less emotionally reactive and tense (as measured by clinical observation and ratings).  Parsimony of explanation led Gray to suggest that anxiety was not related to two dimensions of personality (as proposed by the highly influential theory of H. J. Eysenck, 1967), but one that was positioned between these two axes (namely, Anxiety).  (For a full account of Gray’s position vis-a-vis Eysenck’s, see Corr, 2008b.)
In addition, anti-anxiety drugs (originally, barbiturates and alcohol), which when given to rats, impair a number of specific behaviours in reaction to conditioned punishment: namely, behavioural inhibition (i.e., caution and risk-assessment) and general vigilance/arousal. In other words, drugged rats appear less risk aversive and more risk prone, as if these drugs were impairing a system that produced the risk aversion in the first place. Of considerable theoretical importance in this respect was the observation that the drugs that were effective in impairing behaviours controlled by conditioned punishment were relatively ineffective in impairing (or potentiating) behaviours in response to conditioned reward. The specific hypothesis was formed: anxiety consists in the activity of a ‘behavioural inhibition system’ which is activated by specific classes of punishing stimuli (i.e., conditioned stimuli, highly novel stimuli, and innate fear stimuli, e.g., blood). According to this hypothesis, reduction of anxiety is the result of the impairment of this behavioural inhibition system (BIS). Impairment of the BIS, and the resulting reduction in anxiety, may be achieved by various means: lesion of the neural machinery of the BIS (e.g., hippocampus), drug that impair the BIS, and attenuation of the ‘adequate inputs’ to the BIS (e.g., perceived intensity of threat following a course of cognitive behavioural therapy).
Three Systems of Emotion and Motivation
As the BIS theory developed, it became part of a three-system model of emotion, motivation and learning. 

1 The Behavioural Inhibition System (BIS) was postulated to be sensitive to conditioned aversive stimuli (i.e., signals of both punishment and the omission/termination of reward), and also to extreme novelty, high intensity stimuli, and innate fear stimuli (e.g. snakes, blood). The BIS was associated with the emotions of tension and apprehension, the motivation of caution and vigilance, and the personality dimension of Anxiety.
2 The fight/flight system (FFS) was postulated to be sensitive to unconditioned aversive stimuli (i.e., innately painful stimuli), and associated with the emotions of rage, panic, general negative affect and distress, the motivation to flee (if the environment allowed) or fight (if flight was not possible), and the personality dimension of Psychoticism.

3 The Behavioural Approach System (BAS) was postulated to be sensitive to conditioned appetitive stimuli, forming a positive feedback loop, activated by the presentation of stimuli associated with reward and the termination/omission of signals of punishment. This system was associated with the emotions of ‘anticipatory pleasure’, hope, positive affect, the emotion to explore and approach interesting stimuli, and the personality dimension of Impulsivity.

There are several complexities to this original BIS theory that have been frequently overlooked.
1. 
The BIS was said to be reactive not only to overt conditioned punishing stimuli, but also to ‘frustrative nonreward’, that is, to stimuli that signal the omission or termination of expected reward. (In a complementary fashion, the omission or termination of expected punishment – known as ‘relief of nonpunishment’ - is an adequate input into the BAS.) We shall see below how these processes may play a more important role in explaining varieties of behaviour, especially paradoxical ones, that previously thought.
2. 
The original theory had activation of the punishment system (BIS) impairing the alternate reward (BAS) system, and vice versa. This computational model was formalised in the Gray-Smith (1969) Arousal-Decision model. This particular feature of Gray’s theory has led to some confusion. For example, in an approach situation, the first behavioural reaction to the presentation of a threat may be enhanced approach behaviour (not inhibition). This is the result of two major effects of reactions to threat: the first is an increase in arousal (which invigorates ongoing behaviour) and the second is behavioural inhibition. The final behaviour observed is the net product of these two opposing processes (see McNaughton & Corr, 2008a).
3. 
We have already said that the BIS is sensitive to conditioned punishing stimuli and innate fear stimuli. This association raises a number of problematic issues. The first is the association of fear and anxiety. We shall see below that this issue has now been resolved within the revised Gray and McNaughton (2000) theory. Empirical evidence is starting to accumulate to suggest that fear and anxiety are qualitatively different (sometimes even opposing tendencies) and not just quantitatively different (although, as we shall see below, there is also a quantitative dimension) (see McNaughton & Corr, 2008a). A second issue concerns the nature of conditioned stimuli -- Gray’s original thinking was rooted in learning theory (e.g., Gray, 1975), which formed the conceptual scaffolding of his whole theory. But we are then told that the BIS is sensitive to innate fear stimuli (which themselves are punishing). In the revised theory, this confusing aspect of original BIS theory has been resolved: to anticipate our discussion, it turns out that conditioned stimuli are also conflict stimuli, and it is this broader class of stimuli which activates the BIS: conditioned stimuli are only one example of conflict stimuli (other forms of conflict include reward-reward conflict among many others). As for innate fear stimuli, they have been assigned to a different system (i.e., the FFFS; see below).
4. 
The subjective nature of anxiety, and emotions in general, was never the central interest of behavioural psychologists, including Gray it should be acknowledged – many psychologists were influenced by, or, at least, not willing to expose themselves to the scorn of, Skinner’s (1953) statement that emotions are ‘fictions’. Original BIS has little to say about the phenomenological nature of anxiety: why does it ‘feel’ the way it does, and why does it, for example, ‘feel’ different to fear (The scary quote marks included here are designed to draw attention to another fundamental aspect of emotion research, namely, the qualia of conscious awareness of emotion – space prevents further discussion here, but see Corr, 2006, 2008). As an unexpected free gift of taking an ethoexperimental approach to understanding fear and anxiety, as opposed to a strictly learning theory one, revised BIS theory goes a long way to explicating why specific emotions ‘feel’ a certain way (as to why we have such feelings in the first place remains a fascinating but unanswered question).
The neurophysiology of BIS theory, and its related neuropsychological parts, was expounded by Gray in his 1982 highly influential book, The Neuropsychology of Anxiety. In the intervening years, accumulated data and conceptual advances has seen the skeleton of the BIS greatly expanded. It is to this expanded model that we now turn.
REVISED BIS THEORY
The major revision to BIS theory came from the realization, informed by accumulating research evidence, that the neural systems mediating reactions to punishing stimuli need to be divided into two major classes: (a) those that require approach to threat (eliciting anxiety), and (b) those that do not require approach, but simple avoidance or escape (eliciting fear). This proposal renders revised BIS theory explicitly two dimensional (Gray & McNaughton, 2000; McNaughton & Corr, 2004, 2008a) – to avoid confusion, we should note that these two dimensions are unrelated to the broader two dimensional scheme of reward and punishment sensitivities, outlined above). 

Defensive Direction

The first dimension of revised BIS theory is ‘defensive direction’. This categorical dimension rests on a functional distinction between behaviours that remove an animal from a source of danger (mediated by the expanded Fight-Flight-Freeze System, FFFS), and those that allow it to approach a source of danger (mediated by the expanded BIS). It turns out that these behavioural functions are ethologically and pharmacologically distinct and; and, importantly for the revised theory, can be shown to be identified with fear and anxiety, respectively (Perkins, Kemp & Corr, 2007).
This motivational ‘defensive direction’ dimension arose from careful consideration of the substantial body of ‘ethoexperimental analysis’ by the Blanchards (Caroline and Robert). They dissected rodent defensive behavior into two broad classes: one class was associated with anxiety, the other class with fear/panic. The Blanchards’ method of behavioural dissection was to examine the behavioural effects on rodents of drugs used to treat psychiatric patients. They found that the class of drugs effective against generalized anxiety disorder (GAD) does not affect all defensive behaviors to the same extent; rather, they preferentially reduce the defensive behaviours involved in approaching a threat (e.g., when foraging in a field with the risk of a predator nearby – drugged rats become less risk averse). The Blanchards concluded that drugs effective against anxiety in human beings affect risk assessment in response to an approach/avoidance conflict (Blanchard, Griebel, Henrie, & Blanchard, 1997; for further references see McNaughton & Corr, 2008a). 
In contrast to behavioural effects of this class of drugs, another class of drugs effective against human panic disorder were found preferentially to reduce behaviours involved in avoiding, or escaping from threat (e.g., flight). On the basis of their experiments, the Blanchards favoured a conception of the effects of these drugs along a continuum of immediate vs. potential threat. But the Gray and McNaughton (2000) theory argued for a ‘defensive direction’ conceptualisation of the same data: approach to threat is associated with anxiety; avoidance, or escape from threat, is associated with fear. (Here we can discern an interesting asymmetry of effects: whereas approach to threat increases anxiety, avoidance, or escape from threat, reduces fear – whether, when stripped to the approach and avoidance motivations, there is a core single underlying emotion to both anxiety and fear is unknown.)  
Defensive Distance (or Intensity)

The second dimension of revised RST is ‘defensive distance’ (Fig. 1 shows fear-related (panel A) and anxiety-related (panel B) behaviours at different defensive distances). This graded dimension rests on a functional hierarchy that determines appropriate behaviour in relation to defensive distance (i.e., perceived distance from threat). This hierarchical functional dimension applies both to fear and anxiety, but is instantiated in separate neural centres. We may equate ‘defensive distance’ with real distance (e.g., millimeters to food/shock box), especially in highly controlled experimental settings. However, there are two added factors of importance here. The first is that as danger increases the perceived defensive distance is shortened – this reflect the steepness of gradients in Miller’s classic approach-avoidance situations (see Gray, 1987). Thus, defensive behaviour (e.g., active avoidance) will be elicited at a longer (objective) distance with a highly dangerous stimulus (which shortens perceived defensive distance), as compared to the elicitation of defensive behaviour by a less dangerous stimulus. Second, individual variations in punishment-sensitivity will affect defensive behaviours because of differences in the perceptions of threat: for a given unit of threat, a highly punishment-sensitive person would respond with a vigorous flight response, whereas a less punishment-sensitive person would response, to the same threat stimulus, with mild approach behaviour. 

--------------------

Fig. 1 about here

--------------------

Experimentally savvy readers would have seen the implications of this conclusion for experimental studies: for a given level of threat, differences in threat perception will produce different forms of defensive behaviours and, by inference, these behaviours will affect the experimenter’s dependent variables in different (sometimes opposing) ways. The Blanchards’ ethoexperimental approach bring to the forefront of our minds that, when designing experiments, our dependent measures need to be sensitive to the innate behaviours ‘fired-off’ by activation of neural modules, which have been activated by processes associated with perceived defensive distance. This type of analysis has already taken us far in understanding the neuropsychological basis of fearfulness. According to revised BIS theory, excessive fearfulness is a result of heightened sensitivity to punishment and biased perceptions of actual defensive distance.

In brief, revised BIS theory trace fear and anxiety to separate but interacting brain systems that together allow the animal to avoid threats whilst giving it a reasonable chance of achieving the appetitive goals (e.g., feeding in a novel environment). With this new information to hand, we turn to the description of the three revised systems.
Three Revised Systems

Revised BIS theory now postulates three updated systems (McNaughton & Corr, 2004, 2008a). 

1. The fight–flight–freeze system (FFFS) is charged with the task of mediating reactions to aversive stimuli of all kinds, conditioned and unconditioned. The FFFS is composed of a hierarchical array of neural modules, each responsible for specific avoidance and escape behaviors (described below). The FFFS is associated with the emotion of fear, not anxiety; and the associated personality factor consists in fear-proneness and avoidance, which is clinically mapped onto such disorders as phobia and panic. 

2. The Behavioral Approach System (BAS) is charged with mediating reactions to all appetitive stimuli, conditioned and unconditioned. The BAS generates the emotions of appetitive hopefulness and ‘anticipatory pleasure’. The associated personality comprises optimism, reward-orientation and impulsiveness; and these traits map clinically onto addictive behaviors (e.g., pathological gambling) and various varieties of high-risk, impulsive behavior, and possibly the appetitive component of mania. It should be noted that, of the three systems, the BAS is the least changed in the revised Gray & McNaughton version of RST.

3. The Behavioral Inhibition System (BIS) is the one system that has changed the most in the revised theory. Unlike the 1982 version, it is not now responsible for mediating reactions to conditioned aversive stimuli and the special class of innate fear stimuli, or any other type of punishment per se. Now, it is responsible for the resolution of goal conflict in general (e.g., between BAS-approach and FFFS-avoidance, as in foraging situations – but it is also involved in BAS-BAS and FFFS-FFFS conflicts). The revised BIS generates the emotion of anxiety, comprising, risk-assessment, rumination, checking for potential punishment, and its major motivational function is to inhibit prepotent conflicting behaviors so as to allow the engagement of risk assessment processes, and the scanning of memory and the environment to help resolve concurrent goal conflict. Fig. 2 shows the main components of these processes and how they relate to one another.
--------------------

Fig. 2 about here
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The way the BIS resolves conflicts is by increasing, through recursive loops, the negative valence of stimuli (these are adequate inputs into the FFFS), until behavioural resolution occurs in favour of either approach or avoidance. Subjectively, this state is experienced as worry and rumination in the context of potential threat. The personality factors associated with the BIS are worry-proneness and anxious rumination, leading to being constantly on the look-out for possible signs of danger, which map clinically onto such conditions as generalized anxiety and obsessional-compulsive disorder (OCD). 
NEUROPSYCHOLOGY OF REVISED BIS THEORY
Revised BIS theory retains the earlier claim that substantive affective events fall into just two major classes of  positive and negative valence  QUOTE "(Gray. 1975; Gray. 1982; Gray & McNaughton. 2000)" 
(Gray, 1975, 1982; Gray & McNaughton, 2000; see McNaughton & Corr, 2004, 2008a)

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1CC:\5CProgram Files\5CWinRM8\5Cneil\03\00\0512603\1312603 /id Gray 1982\00\13\00 

 QUOTE ""  ADDIN REFMAN ÿ\11\05‘\19\01\00\00\00\00\01\00\00\1CC:\5CProgram Files\5CWinRM8\5Cneil\03\00\0516232 16232 /id Gray & McNaughton 2000\00 \00 
. Rewards and punishments are the obvious exemplars of positive and negative events, but as noted above, the absence of an expected positive event is functionally the same as the presence of a negative event, and vice versa  QUOTE "(Gray. 1975)" 
(Gray, 1975)
. 
Defensive approach behaviour, and the conflict contained therein, is the key to revised BIS theory. However, this notion contains something more fundamental about anxiety, namely, conflict. Threats are approached only if there is a possibility of a positive outcome (e.g., foraging in a dangerous place). However, and especially in the case of the human animal, threats are but only one source of aversion and avoidance. Other examples include approach-approach (e.g., which of two equally attractive job offers to accept: the anxiety resides in potentially making the wrong choice) and avoidance-avoidance conflicts (e.g., deciding between two equally balanced unfavourable responses options, such as leaving a partner or continuing in an unsatisfactory relationship). This new conceptualization helps resolve why the original BIS theory laid such stress upon the influence of conditioned stimuli to activate the BIS: in characteristic learning experiments, conditioned stimuli often entail experimental conflict, and where they do not then they do not activate the BIS. For example, in a typical conditioned suppression experiment, the animal is trained to lever press for food (an approach behaviour), and is then conditioned to expect a foot shock every time a red house light is illuminated. In this setting, the animal is placed in a conflict situation: it wants to continue feeding but it also wants to avoid the foot shock. The result is emotional suppression of approach behaviour. Anti-anxiety drugs serve to impair (i.e., weaken) this emotional suppression, making the animal more risk prone and less cautious. Thus, the new BIS theory reclassifies conditioned stimuli and expands the type of stimuli processed by the BIS to include all situations (and internal cognitions) that entail goal-conflict of equally balanced opposing events, of whatever kind. 
Hierarchical Neural Modules
Revised BIS theory proposes a hierarchical array of neural modules, comprising brain structures ranging from the prefrontal cortex, at the highest level, to the periaqueductal grey, at the lowest level. Each structure is assigned to a specific fundamental class of function, and a specific class of mental disorder (Gray & McNaughton, 2007; McNaughton & Corr, 2004, 2008a). The most fundamental alteration in revised BIS theory view is that it is distributed among a number of neural structures, arranged hierarchically in order to achieve overall co-ordination of the defensive system (see Fig. 3). 
--------------------

Fig. 3 about here
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The two dimensions of ‘defensive direction’ and ‘defensive distance’ map neatly onto this hierachical defensive system. The categorical distinction between defensive approach and defensive avoidance is reflected in the two distinct parallel streams of neural structures; and the quantitative dimension of defensive distance is reflected in the levels of a hierarchy of structures within each of the parallel streams. 

There are two fundamental features of this neural scheme. The first feature is that smaller defensive distances map to more caudal, subcortical, neural structures, while larger defensive distances map to more rostral, cortical, neural structures with intermediate structures arranged in caudo-rostral. The second feature is that this first feature maps, in a symmetrical manner, to matching structures located within each of the parallel streams (this often involves subdivisions, or nuclei, of the same named area).
So far we have considered state activation of neural modules; we have said very little about trait dispositions to various emotion and motivations states, as well as to their pathological expressions. The two defensive dimensions discussed above map to a large number of distinct normal behavioural outputs and distinct clinical pathologies; but a critical point in this story is that the FFFS and BIS are themselves modulated by diffuse neural inputs and by hormones. Long-term variations in these systems of modulation affect the reactivity of the whole system. It is this whole-system modulation where we may look for stable personality differences (McNaughton & Corr, 2008a; Corr & McNaughton, 2008). Whole system diffuse modulation changes defensive distance generally rather affecting specific behaviours or the actions of neural modules in isolation. This whole system effect leads to consistencies in reactivity, across multiple neural modules, and allow us to talk in terms of stable personality differences that otherwise might he difficult to justify. 
Some such whole system modulation is necessitated by the existence of the “neurotic personality” (Corr & McNaughton, 2008). It is also called into existence by the pharmacology of clinical conditions for which major chemical (e.g., monoamine) system exert important and diffuse effects over a whole range of clinical symptoms that cut across particular clusters associated with specific neural modules. 

Modulation of defensive systems, whether by drugs or by personality factors, changes the animal’s location on a dimension of – or something equivalent to -- defensive distance. We see here something like magnification factor, where shortened perceived defensive distance increases the intensity of the dangerous stimulus. Threat stimulus magnification is, in psychological (personality) terms, ‘fearfulness’ or ‘sensitivity to threat’.
The postulations of some such magnification factor is needed to account for the fact that different behaviours can be shown at the same actual distance and result in opposite effects of drugs on behaviour in different individuals. Knowing the person’s perceived defensive distance – that is, there value on a threat metric –leads us to predict the type of behaviour they will show and how they would respond to different classes of drugs. Importantly, drugs do not affect behaviours directly, but seem to work by affective perceived defensive distance (Gray & McNaughton, 2000).
Although the FFFS-fear and BIS-anxiety neural streams are distinct, they nevertheless interact. First, the aversiveness of the FFFS influences BIS activation, and as we have already said the BIS resolves goal conflicts by incrementing the aversive value of stimuli (as a input to the FFFS). We can imagine that a person with a very weak FFFS would generate BIS conflict only with difficulty because of inadequate input to the BIS. Conversely, we can imagine a person with a very weak FFFS but hyperactive BIS, who would generate conflict very easily but where there was little aversive tone to the conflict. In fact, when thinking about personality types and psychopathologies, we can imagine every possible orthogonal combination of low/high FFFS, BAS and BIS. Typically, we should expect considerable co-activation of the FFFS and BIS in aversive conflict situations, and here we may want to think of a single ‘punishment-sensitive’ personality. However, as shown above, these systems are distinct, and can be shown to be so either under specific experimental conditions or in individuals with various combinations of low-high FFFS and BIS sensitivities. The importance of sensitivity of the FFFS and BIS becomes increasingly important when we turn to psychopathology.
BIS THEORY AND PSYCHOPATHOLOGY
Revised BIS theory contends that the concepts of ‘defensive distance’ and ‘defensive direction’, especially as they relate to the distinct neural modules discussed above, play a fundamental role in the generation of specific symptoms (e.g., panic, phobia, obssession). The classification of psychopathologies in relation to FFFS and BIS functions is shown in Fig. 4 (derived from McNaughton, 1993). It may be guessed that symptoms may be generated in different ways (McNaughton & Corr, 2008a)
--------------------

Fig. 4 about here

--------------------

1.
As a normally adaptive reaction to specific eliciting stimuli (e.g., mild anxiety before taking an important exam);

2.
As excessive activation of a related structure by its specific eliciting stimuli, but where the symptoms are not excessive given the level of input from the related structure (e.g., panic when confronted by a vicious dog).
3.
At maladaptive intensity as a result of hyper-sensitivity to eliciting stimuli (e.g. fearful avoidance in reaction to seeing a harmless snake).
Symptoms and Syndromes

A crucial issue in clinical neuropsychology is to distinguish between manifest symptoms and latent syndromes. The former may be a poor indicator of the latter. The interesting thing is that a single person could have one hyper-sensitive modules (e.g., PAG/panic), but other modules are operating normally. This is sometimes seen clinically. Perhaps more common though is extensive co-morbidity, which probably results from the hyper-activity of the whole system. This whole system hyper-activity can arise in, at least, one of two ways: as excessive modulation of the whole system (something we turn to below), or excessive hyper-activity of one module (3 above) which then triggers off activity in other normally functional modules (2 above; in this case the normally functioning modules receives excessive input from the hyper-active module). Co-morbidity complicates the search for the core pathological dysfunction: whole system symptoms are a poor guide in this search. As discussed elsewhere (McNaughton & Corr, 2004, 2008a), experimental assays are needed that preferentially active each module without activating the whole defensive system (e.g., CO2 panic threshold rather than the reactivity of the whole system to a pathology-inducing level of CO2).
We have to consider a number of additional complexities entailed in our attempt to relate hypo/hyper-activation of neural modules to psychopathology. As an example of this complexity, pathologically excessive (BIS) anxiety can generate (FFFS) panic, with the latter being entirely appropriate to the level of apprehension experienced (from the output of the BIS to FFFS input). Thus, it is entirely possible that hyper-activity in the BIS activates strongly the FFFS even in normally functioning FFFS. Clinical presentation of symptoms would make it difficult to know whether excessive FFFS activating is activating the BIS (which, itself, is functioning normally), leading to high fear and anxiety, or where this co-morbidity has a primary locus in a hyperactive BIS as in the hypothetical example presented here.
This modular view of the defence system, dissected into distinct syndromes, was developed on the basis of animal experiments. In addition, the linking of this view to terms such as panic, phobia and obsession is also justified by the clinical effects of drugs when taken together as a class. BIS theory provides a satisfactory explanation of the variety of clinical ‘neurotic’ phenomena observed; however, the benefits of this modular view might be seen to be bought at the expense of the unity of an underlying personality trait.
Modularity and Personality Unity

The cost of a modular view of fear and anxiety may not be as high as first thought. Quantitative (statistical) genetic studies provide one important form of theoretical rescue: such studies show a common fundamental predisposition to clinical neurotic conditions  QUOTE "(Kendler, Prescott, Myers, & Neale. 2003; Andrews, Stewart, Morris-Yates, Holt, & Henderson. 1990)" 
(e.g., Kendler, Prescott, Myers & Neal., 2003)
. QUOTE "" 
 In accord with this finding, the clinical efficacy of many drugs can be viewed in terms of more global modulatory systems that affect all levels of the neural hierarchy. As an example, consider 5HT neurons which innervate virtually the entire defence system. Also, drugs, such as imipramine, or specific serotonin reuptake inhibitors (SSRIs), have a general effect on 5HT synapses. Such drugs affect anxiety, depression and panic because they increase the levels of 5HT in the different parts of the system controlling each of these syndromes. Higher-order personality factors (e.g., reward and punishment sensitivities) may be seen to reflect these global modulatory influences. In summary, the system underlying clinical drug action consists of two sets of parallel, interconnected, modules dealing with defensive avoidance and defensive approach respectively. Superimposed on these specialised modules are general modulatory systems. 

As noted by McNaughton and Corr (2004) and Corr & McNaughton (2004), we should expect that modulatory systems are crucial for personality. Crucially, there is a definite need for general control. In the case of the BIS, anxiolytics alter (perceived) defensive distance: they change the point at which the neural hierarchy is in control. If we make the assumption that the control of fear by the monoamines works in a similar manner then we should expect the personality factor related directly to ‘punishment sensitivity’ would be one that alters the internal defensive distance. Stated differently, the personality factor of fearfulness multiplies the quantum of fear inherent in a particular stimulus, leading to many different perceived levels (across different individuals) given a fixed unit of a fear stimulus.
Coda:  BIS Model Account of ‘Paradoxical’ Behaviours
We have already noted above (see Fig. 3) that, within the broad two-dimensional affective model that characterises BIS theory, the omission of expected, or termination of, punishment is functionally equivalent to the presentation of rewarding stimuli, and thus serves as an adequate input to the BAS; and in a symmetrical manner, the omission of expected, or termination of, reward is functionally equivalent to the presentation of punishment, and thus serves as an adequate input to the FFFS. These observations were originally derived from a formal account of learning theory principles (see Gray, 1975). In original and revised versions of BIS theory, these effects have not been seriously considered as an important source of influence on either normal or abnormal behaviour. Yet they may offer a window on some of the more perplexing behaviours shown by human beings.

In this section, we shall see some examples of how these influences may throw light on a number of otherwise paradoxical behaviours: that is counter-productive behaviours that seem, at least on the face of it, to defy the logic of the normal processes that control behaviour (e.g., positive and negative reinforcement). Space prevents a thorough delineation of these processes, but the examples given below provide a flavour of how BIS theory, coupled with wider RST, may be used to provide a theoretical understanding of some of the major psychological disorders that continue to cry out for adequate explanation and treatment, as well as some more mundane examples of counter-productive, self-defeating, behaviour. At present, this discussion must be theoretical because there do not exist any specific empirical studies to support the points being made: this section is in the form of hypothesis formation based on the BIS and RST more generally.
Relief of Non-Punishment: Gambling

According to standard behavioural accounts, pathological gambling should not develop very easily and should extinguish fast. That is, engaging in a behaviour that provides a high ratio of punishment to reward should led to avoidance behaviour, which of course it does in the majority of the population. However, in a significant majority of people pathological gambling behaviour develops – which, by definition, entails high monetary losses leading to personal, family and societal problems. Now, we could use conventional learning theory of the type espoused by Skinner to state that an intermittent rate of positive reinforcement, especially on a ratio (i.e., work) schedule tends to produce robust conditioning and resistance of existence, and, to some extent, this process explains the development of pathological gambling, but it seems not to be a sufficient explanation. The brute fact that the majority of people who engage in recreational gambling do not develop pathological gambling behaviour, along with the opposing fact that a high density of punishment should produce robust avoidance behaviour, suggests that we must look elsewhere for a sufficient explanation of this form of counter-productive behaviour. One alternative theory is to assume that people prone to pathological gambling have biased cognitions (e.g., “The more I loose, the more chance of have of winning”). We may suppose that such biases are important in maintaining pathological gambling, but such explanations are high on description but low on powers of explanation, and specifically fail to reveal why such cognitive biases exists, let alone how they relate to reinforcement sensitivity (which we know is important in gambling behaviour)?
It is suggested here that there are other major influences on the development of pathological gambling, which is here conceptualised as a form of self-defeating BAS-mediated approach behaviour. The first influence is that punishment is very arousing, as well as being emotionally activating: it energises and invigorates behavioural processes. The second influence, which combines with the first to form a ‘super-charged’ boost to the BAS is, ‘relief of non-punishment’, which comes from the omission of an expected punishment (i.e., usual losses). Thus, relief of non-punishment is a powerful input to the BAS, which when coupled with punishment-induced physiological arousal, produces an emotional ‘high’ that produces rapid and resistant conditioning (e.g., to the paraphilia of the gambling context). These emotional ‘highs’ are predicted by the higher-density of punishments; and thus we start to get a clue to the paradoxical nature of pathological gambling: self-defeating strong BAS approach may be, somewhat paradoxically, maintained by punishment! Of course, these super-charged BAS inputs would fuel any predisposition to cognitive biases which would, in turn, further enhance the conditioning process. 
The strength of relief of non-punishment may have an evolutionary basis. In our primordial existence, the ability to turn-off punishment would have been a highly significant skill to acquire, and via natural selection may be been especially favoured and conditioned easily by a super-charge to the BAS. 
As yet these behavioural processes, and the apparently paradoxical fact that punishment in gambling seems to maintain pathological gambling itself does not make much sense in traditional Skinnerian terms, but it finds a natural explanation within the context of BIS theory. This theoretical formulation points to a major prediction: people prone to develop pathological gambling behaviour have a highly sensitive BAS system to stimuli signalling the omission or termination of punishment (i.e., relief of punishment). Whether this is a general BAS sensitivity to any ‘rewarding’ stimuli or one specifically to relief stimuli themselves is an open question in need of empirical scrutiny
Reward-Punishment Mutual Inhibition: Romantic Partner Abuse

A similar process to that seen in pathological gambling may also operate in romantic partners who suffer long-term abuse but who are reluctant to escape their abusing partner (i.e., engage in FFFS-mediated avoidance of the threat stimulus). Putting aside other relevant factors involved in such situations (e.g., children and financial dependence), some abused partners (both males as well as female – here the forms of abuse may differ) repeatedly fail to leave their partners who, on the one hand, they openly declare are abusing them, but, on the other hand, find it difficult to break away (even where there do not exist an financial, or other, objective reason, for doing so). Can BIS theory be stretched to account for such behaviour?
Konorski (1967) noted that reward and punishment systems suppress each other, and this process is explicit in the Gray-Smith (1969) Arousal-Decision Model, discussed above. Konorski used the example of ‘make-up’ behaviour after an argument or split of romantic partners. Theoretically, reward-mediated approach behaviour when released from its suppression, by the punishment system, ‘rebounds’ to a level higher than previously experienced during the non-suppressed activity of the reward system. This is seen in the classic Crespi (1942) elation and depression effect. (This type of process may also operate in gambling behaviour.) 
Partner abuse should be expected to activate the FFFS (as well as the BIS due to the likelihood of conflict) leading to punishment-mediated behaviours (in this case fear, tension, attempts to avoid/escape abuse). Now, when the abusive partner reconciles, the abused partner will not only experience an absence of punishment (itself a good thing in terms of reduced FFFS activity), but also a strong boost to the BAS in the form of release of suppression of the reward system by the punishment (FFFS/BIS) system – as in the case of gambling (see above), relief of non-punishment processes may also be assumed to operate. This release, and subsequent ‘rebound’ effects, should be expected to lead to a heightened BAS activity and an emotional ‘high’, which would stamp in, via conditioning, behaviours immediately preceding it, namely the partner’s reconciliation behaviour and associated stimuli.
Once again, the FFFS/BIS-induced arousal would serve further to augment the rebound of the BAS, increasing the subjective intensity of the positive emotional high. (Rebound effects are also suggested by anti-anxiety drugs that are traded illegally for the ‘highs’ they produce in some people.)

There is a further theoretical twist that would make a further contribution to this BAS-mediated emotional high and resulting approach behaviour (e.g., ‘making up’). The mutual inhibition of the reward and punishment systems would mean that the previous negative emotion and behaviour associated with the punishment system would now itself be suppressed, making the abused partner, emotionally-speaking, to forget (or, at least, attenuate the strength of) the previous punishment delivered by the partner.
Thus, we may predict that one of the major factors contributing to the continuation of abusive relationships is that the abused partner has a strong mutual inhibition of their reward and punishment systems, rending a super-charged BAS input from the abusive partner’s reconciliation behaviour. It might be the case that the abusive partner learns how to manipulate the emotions of the abused partner, and this would contribute to the cycle of abuse.  

Secondary Positive Reinforcement: Neurotic Behaviour
One of the long-standing theoretical debates in clinical psychology concerns the maintenance of counter-productive, paradoxical, behaviour that continues long after the initial source of the trauma (where one can be identified) or after the behaviour has been recognised as clearly counter-productive. There have been many attempts to provide a cogent theoretical account of this phenomenon. One of the first was Mowrer’s (1960) theory that neurosis is a two-step process: first, the process of classical conditioning establishes the aberrant emotional responses, and, then, second, the process of instrumental learning which, via the influence of negative reinforcement, maintains and even strengths it by relieving avoidance behaviour – such avoidance of feared stimuli prevents the process of extinction due to the lack of sustained exposure. The core of behavioural therapy is to break this vicious cycle by engaging the patient in the process of extinction – various techniques exist, from flooding to more client-friendly desensitisation. The advent of cognitive-behavioural therapy (CBT) added a cognitive dimension, namely that the way neurotic people think (in irrational and biased ways) about such events maintains their counter-productive, “neurotic”, behaviour. The general form that these approaches take focus on ‘negative’ reinforcing factors that either need to be removed (e.g., avoidance in the case of behavioural therapy) or corrected (e.g., in the case of irrational cognitive biases and beliefs). However, there may also be important source of ‘positive’ reinforcing processes in the maintenance of neurotic behaviour that is easily overlooked, but suggested by BIS theory.
According to revised BIS theory (see Fig. 3), people who suffer from high levels of fear, phobia, obsessional-compulsive disorder have hyperactive FFFS modules, or some dysfunction in the whole defensive system. Alternately, they may have a hyper-active BIS, leading to unsubstantiated worry, rumination, etc. Neurotic behaviour reflects a longer-term ‘neurotic personality’ (i.e., a trait predisposition that has crystallised into a morbid form of long-term state behaviour
). Now, anyone who has experienced adults with diffuse neurotic symptoms – that is, those reflecting activation of the whole defensive system(s), rather than hyper-activity in a specific neural module – are often bemused by the apparent fact that the ‘sufferer’ is gaining some degree of (for want of a better term) satisfaction from their neurotic condition; this is often evidenced by the sufferers apparent unwillingness to undertake changes in their behaviour or life that would make a significant difference to them. This paradoxical behaviour is even seen in intelligent and knowledgeable people: it almost seems as if there is a ‘fire-wall’ between their emotions and cognition. This emotional unwillingness to change, despite their cognitive ability to do so, is highly frustrating especially to close relatives who have to deal with both sides of the neurotic coin: suffering and unwillingness to change – in contrast, this side of the coin is not so often seen by clinicians whose primary focus is on diagnostic symptoms specific to the disorder.
Seen in the cold light of revised BIS theory, this neurotic paradox may not be so difficult to understand. The question to be answered is: what are the emotional gains (i.e., inputs to the BAS) that sustain the neurotic behaviour? Readers of the psychiatric literature, and especially devotees of Freud, will see such behaviours as ‘secondary gains’ – here though we may prefer not to see the primary disorder as a ‘primary gain’ of some sort, e.g., sexual sublimation or defence, with secondary gains added on top. 
Now, irrespective of the primary cause of the neurotic condition (BIS theory sees this an hyper-active module, or whole defence system malfunction), neurotic behaviours may, and often do, elicit a wide range of positively reinforcing responses from others – one might speculate that this is one of their primary evolutionary functions (see Corr, 2006). These contingent neurotic behaviours (e.g., eliciting sympathy and social interaction) activate the BAS directly (i.e., REW+, CS-REW+ and IS-REW+; see Fig. 2). These inputs alone, via Skinnerian positive reinforcement, would reinforce such neurotic behaviour. But, as we have already seen with the above examples of paradoxical behaviours, this is not all: superimposed on these direct BAS inputs, we have a reduction in FFFS/BIS activity, which then serves to produce further inputs to the BAS in the form of relieving stimuli (i.e., PUN-, CS-PUN- and IS-PUN-; see Fig. 2). What we start to witness is a vicious cycle of neurotic behaviours that: (a) directly activate the BAS; (b) secondarily suppress the FFFS/BIS (perhaps with an associated rebound effect on the BAS); and (c) then, thirdly, further inputs to the BAS in the form of relieving non-punishing stimuli. From this BIS perspective, it is little surprise that neurotic behaviours are so difficult to change. 
This theoretical position contends that one of the major contributory factors to the maintenance of long-term neurotic behaviour is a sensitive BAS to relieving stimuli (which would be strong due to hyperactivity in the FFFS/BIS), as well as to primary rewarding stimuli that further  serves to suppress, albeit temporarily and in a counter-productive fashion, the FFFS/BIS. It may come as a surprise that a theory that places the FFFS and BIS so centrally when explaining the aetiology of neurotic behaviour then places so much stress on the BAS when explaining its maintenance. What we seem to be seeing here is how emotional and motivational system work together to influence behaviour and experience.

The above theoretical formulation, still highly speculative in parts, may have some appeal, but does it meet the major criterion demanded of an adequate scientific explanation of neurotic behaviour: does it hold recommendations for therapy? The obvious implication for treating the maintenance factors of neurotic behaviour is to prevent pleasure-inducing BAS activation by its adequate stimuli (in this case, positive reinforcement of symptoms and associated behaviours). The recommendation is to replace these counter-productive BAS inputs with positive stimuli that do not reinforce the primary neurotic condition – that is, a gradual substitution of positively reinforcing productive behaviours and withdrawing positive reinforcement, or even providing negative reinforcement, for counter-productive neurotic behaviours. The outcome would be a gradual improvement of clinical condition, which would be further strengthened by productive activities that activate the BAS. Of course, the difficulty of achieving this desirable outcome should not be underestimated as the neurotic person is highly motivated to continue to receive immediately relieving BAS inputs. Cognitive restructuring and frustration tolerance training should be two of the important components of successful therapy in order to ensure long-term relapse prevention.
CONCLUSIONS
We have covered a lot of ground and encountered some of the difficulty and unresolved issues that remain to be addressed within BIS theory, as well as RST more generally. We must continue to tolerate considerable uncertainty as the best way to relate fundamental systems of emotion and motivation to personality factors, and much work remains ahead. However, arguably, large areas of hitherto wild growth has been cleared to reveal the fundamental aspects of the brain-behaviour terrain. This path-clearing work should make easier the future journey to reveal the fine details of the land that we have surveyed. Empirical evidence is now starting to accumulate to help us in this endeavour. For example, Perkins, Kemp and Corr (2007) provided statistical and predictive validity evidence for the differentiation of fear and anxiety. Andersen, Moore, Venables & Corr (submitted) have shown that consistent patterns of EEG theta coherence (i.e., neuron firing phase locking synchronisation) between theoretically-relevant brain areas during the processing of personal conflict (as compared with nominal, non-personal, conflict). 
In terms of future research the following topics call out for sustained attention. First, one important challenge is to refine psychometric measures of RST systems because the majority of questionnaire measures of RST constructs are locked into the original BIS/BAS version (e.g., the widely-deployed Carver and White, 1994, BIS/BAS scales - we are currently developing the Corr-Cooper Reinforcement Sensitivity Scales to fill this lacuna. Secondly, the independence of the FFFS and BIS needs clarification. BIS theory assumes that the FFFS and BIS are independent in terms of their input sensitivity, but once activated they typically work together and their outputs are combined. This is nowhere more apparent than in the BIS activation of the FFFS: the BIS outputs to the FFFS in order to increase the averseness of stimuli in order to resolve goal conflict. Whether it is possible to measures FFFS and BIS sensitivities independent of their combined outputs is an open question – although this might be more of a problem in questionnaire than behavioural measures (see Corr & McNaughton, 2008). Thirdly, revised BIS theory emphasizes the importance of reward-punishment conflicts, which in turn raises the question of the role of the BAS in BIS-mediated behaviours. This is a complex issue, not helped by the rather secondary role assigned to the BAS in general RST – elsewhere (Corr, 2008b), I have discussed elaborations to the BAS to reflect its true complexity. What we might find is that, in the expression of clinical conditions, it is the interplay of the FFFS, BIS and BAS that provides the richest description of presented signs and symptoms, in much the same way that it is the blending of processing from three types of light sensitive cones in the eye that gives rise to the richness of colour perception. Fourthly, it will be necessary to use the full complexity of BIS theory to try to understand the specificity of clinical anxiety disorders (e.g., Generalized Anxiety Disorder vs. Obsessional Compulsive Disorder), as opposed to their commonality: this will be a major challenge in linking personality processes to psychopathological conditions. Lastly, we have not had the space to explore more exotic aspects of the BIS and anxiety, including conscious awareness, but it is to be hoped that future research will throw new light upon these ‘mysteries’ as well as upon more standard problems in the relationship between the BIS and anxiety.

Figure Captions

Figure 1. Defensive distance and behaviour. Upper panel (A) shows defensive avoidance (FFFS-mediated) and lower panel (B) shows defensive approach (BIS-mediated). The grey arrows show a fixed change in defensive distance produced by anti-anxiety drugs, both increasing and decreasing risk assessment behaviour depending on the initial defensive distance (i.e., these drugs do not have a direct effect on initial behaviour). (Adapted from McNaughton & Corr, 2004.)
Figure 2. The adequate inputs to the Fight-Flight-Freeze System (FFFS) and the Behavioural Approach System (BAS), and the conditions under which the Behavioural Inhibition System (BIS) is activated (viz., conflict). Inputs consist of rewards (Rew) or punishers (Pun) that may be presented (+) or omitted when expected (-) and of innate stimuli (IS) or conditioned stimuli (CS) that predict these events. (The compound CS-Pun- can stand for either a CS that predicts Pun- or for the omission of a CS that predicts Pun+). (Taken from Gray & McNaughton, 2000.)
Figure 3. The two dimensional hierarchical defense system. On either side are defensive avoidance and defensive approach, respectively (a categorical dimensions), with each stream divided, down the page, into a number of hierarchical levels. These are ordered from high to low (top to bottom) both with respect to neural level (complexity) and to functional level. Each level is associated with specific classes of behaviour. Syndromes are associated with hyper-reactivity of a structure and symptoms with high activity. Given the interconnections within the system (and effects of e.g., conditioning) symptoms are not a good guide to syndromes (e.g., they can be secondarily activated by a hyper-reactive neighbouring module). (Adapted from McNaughton & Corr, 2004.)
Figure 4. The classification of emotion and defensive behaviours derived from defensive direction (avoid or approach the danger) and avoidability of the threat. (Adapted from McNaughton, 1993.)
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� This distinction is necessary:  a long-term trait predisposition (“neuroticism”) may not turn into neurotic state behaviour (whether short or long-term), but when it does it is misleading to refer to this state behaviour as a ‘neurotic trait’.





