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Abstract

Two prominent theories have guided decades of research into the biological basis of 

human fear and anxiety. Davidson's Anterior Asymmetry and Emotion model holds that 

fear and anxiety derive from a single, withdrawal system, which is in turn aligned with 

right prefrontal regions (as part of a larger network of cingulate/subcortical structures). In 

contrast, Gray's Reinforcement Sensitivity Theory (RST), though originally of a similar 

view, has since been revised to account for an observed functional, behavioural and 

pharmacological distinction between fear and anxiety which Gray now aligns with two 

neurobiologically separable systems, the Fight, Flight, Freeze System (FFFS; fear) and the 

Behavioural Inhibition System (BIS; anxiety). Whilst generating a great deal of empirical 

interest, Davidson's withdrawal system/right prefrontal hypothesis has to date received very 

mixed support. It was proposed here that by applying Gray's fear/anxiety distinction to 

Davidson's model, some of this past inconsistency may be accounted for. Specifically, it 

was hypothesised that right prefrontal regions should be aligned with fear (FFFS), but not 

anxiety (BIS). However, although established at an animal level, Gray's BIS/FFFS 

distinction has received minimal attention within a human experimental setting. Thus 

testing this right prefrontal/FFFS hypothesis was first contingent on deriving valid methods 

of distinguishing the FFFS and BIS at a human level. This was initially addressed by 

exploring the potential relevance of existing self-report trait measures. 

Critically, it was observed that Gray's revised RST (which also includes a third 

system, the Behavioural Activation System, BAS) now closely resembles the three primary 

dimensions common to most three-factor models of temperament/personality. In particular, 

extensive conceptual, neurobiological and behavioural overlap was documented between 

trait models of Gray's three systems (FFFS, BIS and BAS) and Tellegen's Negative 



ii

Emotionality, Constraint and Positive Emotionality superfactors. Accordingly, Constraint 

(in particular the Control and Harm Avoidance subscales) and Negative Emotionality (in 

particular the Stress Reaction subscale) were proposed as potential trait level markers of the 

revised BIS and FFFS respectively. This was supported in Study 1 (N=190) by observing 

that Control, Harm Avoidance and Stress Reaction loaded highly and exclusively onto 

orthogonal BIS (Control and Harm Avoidance) and FFFS (Stress Reaction) factors; two of 

three factors which emerged when these measures were entered into an exploratory factor 

analysis with measures of the old (pre-revised RST) BIS construct (i.e., Carver and White 

BIS scale, CW-BIS; the Trait scale of the Spielberger State Trait Anxiety Inventory, STAI-

T, Sensitivity to Punishment scale, SP), and existing BAS measures. Somewhat 

surprisingly, all old BIS measures loaded exclusively on the FFFS factor. 

The distinction between BIS and FFFS measures observed in Study 1 was further 

validated in Study 2 (N = 103) by demonstrating that BIS (Control and Harm Avoidance) 

but not FFFS (Stress Reaction, SP, STAI-T) measures predicted individual differences in a 

proposed neurophysiological marker of the BIS, the novelty P300 and underlying frontal 

theta oscillations. Finally, having identified and validated measures of trait BIS and FFFS 

in Studies 1 and 2, Study 3 (N=80) tested the predicted relationship between trait FFFS and 

right prefrontal activity. Electroencephalography was recorded whilst participants 

completed a differential aversive conditioning task with different coloured lamps as the 

CS+ and CS-, an aversive sound as the UCS and startle reflex and expectancy ratings as CR 

measures. As expected, trait FFFS (composite of Stress Reaction, STAI-T and SP) but not 

trait BIS (composite of Harm Avoidance and Control) predicted greater right frontal activity 

to the CS+ during acquisition. Also consistent with the revised models of BIS and FFFS, 

trait BIS predicted faster extinction learning and trait FFFS slower extinction learning. This 
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latter finding provided additional validation, at a behavioural level, of the aforementioned 

self-report measures as indices of trait BIS and FFFS. Finally, trait FFFS also predicted 

poorer extinction recall and this relationship was mediated by the degree of right frontal 

activation to the CS+ during acquisition. 

Findings support Gray's distinction between fear (FFFS) and anxiety (BIS) at a 

human level, and in turn, a model which aligns right frontal regions with the FFFS rather 

than the withdrawal system model posed by Davidson. Taken together, the findings of the 

three studies contribute significantly to the identification of valid trait indices of the revised 

BIS and FFFS and to clarifying the role of right frontal regions in emotion and motivation. 

The findings also hold important implications for current models of human anxiety and 

fear, in particular, the role of trait-vulnerability factors in the aetiology and treatment of 

anxiety-related disorders. 
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CHAPTER 1

Aims and Overview of Thesis

Decades of research pertaining to the biological basis of emotion, personality 

and psychopathology has converged on the notion that there exist two fundamental 

systems, one mediating approach to potential reward and the other withdrawal from 

potential punishment. Individual differences in the activity of these systems are thought 

to underlie trait sensitivity to reward and punishment and the propensity to experience 

approach and withdrawal-related affect, such as enthusiasm and excitement; fear and 

disgust. Two prominent theories guiding much of this research are Davidson's Anterior 

Asymmetry and Emotion model (Davidson, 1984; 1998; 2002; 2004 ; Davidson et al., 

2002; Davidson & Irwin, 1999; Davidson, Jackson & Kalin, 2000) and Gray's 

Reinforcement Sensitivity Theory (Gray, 1970; 1982; 1987; Gray & McNaughton, 

2000; Pickering & Gray, 1999; McNaugton & Corr, 2004). The two theories have 

developed within distinct empirical frameworks, Gray's drawing primarily on animal 

behavioural and lesion studies and Davidson's on psychometric and neurophysiological 

data from humans. Nevertheless, the theories bear a fundamental similarity in that each 

proposes a neurological basis for the aforementioned approach and withdrawal systems 

and have applied this to the aetiology of various clinical disorders as well as emotion 

and individual differences research. For instance, Davidson (1998, 2004) has argued 

that the reduced approach motivation and approach-related affect that is characteristic of 

clinical depression is a function of trait hypo-activity of the approach system. Similarly, 

Gray (Gray & McNaughton, 2000) has argued that fear-related disorders such as simple 

phobia derive from hyper-activity in the system mediating withdrawal from punishment, 

and that trait hyper-activity in this system will lead to a generalised sensitivity to and 
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avoidance of signals of punishment. 

Central to Davidson's proposed neurology is the idea that these fundamental 

systems are lateralised within the prefrontal cortex, with the approach system 

considered to recruit the left prefrontal cortex and the withdrawal system, the right 

prefrontal cortex. Although this conjecture has generated a great deal of empirical 

interest, research to date has been hindered by a plethora of methodological and 

conceptual issues, resulting in a series of very mixed findings. As such, the validity of 

Davidson's model is still in question. In particular, many studies have failed to 

successfully demonstrate a relationship between right prefrontal activity and 

withdrawal-related affect/behaviour. Importantly, Gray and McNaugton (2000) revised 

Gray's (1970; 1982) original Reinforcement Sensitivity Theory to account for an 

observed functional, pharmacological and behavioural distinction between fear and 

anxiety. Gray and McNaughton (2000) now attribute fear and anxiety to two distinct, 

neurologically separable systems, the Fight, Flight, Freeze System (FFFS), which is 

activated by, and mediates avoidance of, threats (defensive avoidance; fear), and the 

Behavioural Inhibition System (BIS), which is activated by, and functions to resolve, 

goal-conflict, such as a threat which, for adaptive purposes, must be approached, 

(defensive approach; anxiety). As both systems share features of Davidson's Withdrawal 

System, the distinction advanced by Gray and McNaughton (2000) may underlie the 

difficulty establishing a clear link between right frontal activity and withdrawal-related 

affect/behaviour as conceptualised by Davidson (1998; 2002; 2004).

This thesis has both a primary and a secondary aim. The primary aim is to test 

Davidson's original theory against a revised conceptualisation of anterior asymmetry 

based on Gray's Reinforcement Sensitivity Theory. The secondary aim is to identify 

valid methods of distinguishing between fear (FFFS) and anxiety (BIS) as they are 
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stipulated by Gray and McNaughton (2000), as this fear/anxiety distinction is 

fundamental to the revised conceptualisation of anterior asymmetry postulated, and 

ultimately tested, here. It is anticipated that this research will enhance current 

understanding of the biological basis of fear and anxiety and trait individual differences 

which mediate these processes and confer risk for certain clinical disorders. 
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CHAPTER 2

Approach-Withdrawal Motivation and Frontal Brain Asymmetry: Part 1

Over a period of decades, a steadily growing body of research has accrued in 

support of a model of emotion which ascribes distinct roles to the left and right 

prefrontal cortex. This model, coined by R.J Davidson (1984; 1998; 2004) as the 

Anterior Asymmetry and Emotion (AAE) Model, states that the left prefrontal cortex is 

involved in generating approach motivation and approach-related affect (e.g., 

excitement, happiness, enthusiasm); whilst the right prefrontal cortex is involved in the 

generation of withdrawal motivation and withdrawal-related affect (e.g., fear, disgust, 

anxiety). Anterior asymmetry refers to the relative degree of left to right prefrontal 

activity and reflects the relative degree of approach versus withdrawal related 

motivation/affect (Davidson, 1998). The model draws on observed changes in affect 

following lateralised prefrontal cortical damage. For example, Gainotti (1972) was one 

of the earlier researchers to document greater depressive symptomatology following 

damage to the left relative to the right prefrontal cortex. Similar evidence has since 

accumulated from individuals with unilateral stroke damage, traumatic brain injury and 

miscellaneous unilateral lesion damage (for a comprehensive review see Robinson & 

Starkstein, 1990).

These earlier clinical neuropsychological studies gave rise to a now prolific line 

of research examining the relationship between asymmetry in electroencephalographic 

(EEG) measures of frontal cortical activity and emotion (Davidson et al., 2000). Over 

70 studies to date have examined baseline resting asymmetry as well as state changes in 

asymmetry in relation to a range of affective states, traits and disorders (Coan & Allen, 

2004). This chapter aims to provide an overview of the AAE model and related 

constructs, as well as a critical review of studies undertaken to test the assertions of this 
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model over the past two decades.

2.1 Historical Basis for the Lateralisation of Emotional Processes

The idea that the hemispheres are specialised for different forms of emotional 

processing has been investigated for over a century (Silberman & Weingartner, 1986). 

Early observations of alterations in emotional expression following lesions localised to 

the right hemisphere (Babinski, 1914; Denny-Brown, Meyer, & Horenstein, 1952; 

Mills, 1912) led to the development of the right hemisphere model of emotion. 

Proponents of this model argued that the right hemisphere was specialised for the 

experience, perception and expression of emotion (Borod, Koff, & Caron, 1983; 

Silberman & Weingarter, 1986). Research deriving from diverse methodologies has 

since provided extensive support for this model, though primarily with respect to 

perception of emotion (Borod, Tabert, Santschi, & Strauss, 2000). For instance, dichotic 

listening methods were utilised to demonstrate a left ear (hence right hemisphere) 

advantage for the perception of emotional content of speech (Carmon & Nachshon, 

1973 ; Haggard & Parkinson, 1971; King & Kimura 1972). Numerous studies have 

reported reduced ability to recognise emotional facial expressions following damage to 

the right hemisphere (Adolphs, Damasio, Tranel, & Damasio, 1996); as well as a left 

visual field (hence right hemisphere) advantage for the discrimination of emotional 

faces (Landis, Assal& Perret, 1979; McKeever, & Dixon, 1981).  More recently, 

electrophysiological and neuroimaging studies have demonstrated a dominance of the 

right hemisphere in the perception of emotional prosody (Buchanan et al., 2000; 

Everhart, Carpenter, Carmona, Ethridge, & Demaree, 2003). 

With respect to emotional expression, several researchers have reported greater 

activity in the left side of the face (implying greater right hemisphere involvement) 

during the production of emotional expressions (for review see Borod et al., 1997). As 



6

well, right hemisphere damage appears to affect the ability to express emotion in 

speech, exemplified by the common observation of monotonic speech patterns 

following damage to this area (Borod, 1993; Williamson, Shenal, Harrison, & Demaree, 

2003). Possibly the most striking set of findings taken as evidence for right hemisphere 

involvement in emotional experience was a series of observations following intracarotid 

amobarbital injections to the left hemisphere (Gainotti, 1972; Silberman & Weingartner, 

1986). Commonly referred to as the Wada Test, this procedure functions to anaesthetise 

one hemisphere in order to independently assess function in the opposing hemisphere 

(Akanuma, Koutroumanidis, Adachi, Alarcon, & Binne, 2003). When anaesthetic was 

injected into the left hemisphere (allowing independent assessment of right hemisphere 

function), individuals typically exhibited “catastrophic” emotional reactions, 

characterised by crying and feelings of guilt, anxiety, despair and pessimism (Gainotti, 

1972; Silberman & Weingarter, 1986).  

Although the right hemisphere model received extensive empirical attention and 

support, many studies reported findings that were inconsistent with the model's 

predictions (for a critical review see Demaree, Everhart, Youngstrom, & Harrison, 

2005). In particular, researchers began to observe that hemispheric effects, particularly 

in relation to the experience and expression of emotion, varied as a function of affective 

valence (Aldolphs et al., 1996; Borod et al., 1997). For instance, in a comprehensive 

meta-analysis of studies addressing hemispheric specialisation of emotional expression, 

Borod et al. (1997) found that right hemisphere dominance was significantly greater for 

negative emotions and that some left hemisphere dominance was apparent for the 

expression of positive emotions. As well, in contrast to the catastrophic effects of left 

hemisphere amobarbital injections, anaesthetic injections to the right hemisphere 

reportedly produced smiling, joking, laughing, lack of apprehension, optimism and a 
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general sense of well-being (for reviews see Silberman & Weingartner, 1986; Demaree 

et al., 2005). The Valence Model of hemispheric asymmetry was conceived on the basis 

of such findings, with the model's proponents arguing for left hemispheric specialisation 

for the processing of positive emotions and right hemisphere for the processing of 

negative emotions (Silberman & Weingarter, 1986).

Observations of individuals with acquired brain injury isolated to the left or right 

hemisphere, provided early support for the valence model (Gainotti., 1972; Morris, 

Robinson, Raphael, & Hopwood, 1996; Robinson & Starkstein, 1990). These studies 

also prompted a shift in focus away from the hemisphere as a whole in response to 

findings suggesting that damage to frontal regions was the critical factor underlying 

valence based lateralisation of emotional disturbances following brain injury. In 

particular, a high incidence of depression was reported following stroke isolated to left 

frontal cortical regions (for review see Robinson & Starkstein, 1990). The importance of 

frontal regions in emotional disturbances following lateralised brain injury was 

highlighted in a large scale study by Morris et al.(1996) who noted that the relationship 

between left hemispheric damage and depression was strongest and clearest when 

lesions were smaller and located most anteriorly. 

On the basis of these early clinical neuropsychological findings, researchers such 

as Davidson (1984; 1998; 2004; Davidson et al., 2002) began to investigate the 

relationship between emotion processes and asymmetry in EEG activity measured at 

frontal locations. Building on an earlier suggestion by Kinsbourne (1978) relating left 

hemispheric activity to approach motivation, Davidson (1984; 1998; 2004) went on to 

theorise that observed EEG activity in left and right prefrontal regions reflected activity 

in two neurologically distinct motivation systems mediating approach and withdrawal 

motivation/affect respectively. Thus, in opposition to the valence hypothesis, Davidson 
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(1984; 1998; 2004) argued that variance in anterior asymmetry did not specifically 

reflect valence per se, but motivational direction (approach-withdrawal), and that the 

degree to which positive and negative emotions were related to left and right prefrontal 

activity would vary as a function of the degree to which these emotions related to 

approach or withdrawal motivation. This proposal was, in fact, consistent with views 

advocated by other prominent neuroscientists at the time (e.g., Gray, 1982;  Lang, 

Bradley, & Cuthbert, 1990) and underscores the fundamental tenet of AAE Model. 

Baseline frontal EEG asymmetry as well as state changes in frontal EEG asymmetry 

have since been investigated in relation to a wide range of affective states, traits and 

disorders (for review see Coan & Allen, 2004). As noted earlier, the research presented 

within this chapter will be reviewed in relation to the AAE model, and it is therefore 

important to clearly outline the assertions of this model. However, before moving on to 

a discussion of Davidson's AAE model, it would be beneficial to first present a brief 

description of the EEG and how it is employed to measure anterior asymmetry.

2.2 Electroencephalography (EEG) as a Measure of Anterior Asymmetry

Electroencephalography (EEG) involves the use of electrodes to measure 

electrical potentials on the surface of the scalp (Yamashita, Galka, Ozaki, Biscay, & 

Valdas-Sosa, 2004). Each electrode site exhibits a particular potential that is thought to 

reflect extracellular electrical currents associated with electrical and chemical neuronal 

activity in the cortex (Yamashita et al., 2004). The placement of electrodes on the scalp 

generally follows an international standard referred to as the International 10-20 system 

(see Figure 2-1).

To measure electrical potentials on the scalp surface, each electrode must be 

referenced to a particular electrode site (Hagemann, Naumann, & Thayer, 2001). 

Studies generally use one of the following reference schemes: Cz (central apex), A1 
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(left ear), A2  (right ear), M1 (left mastoid), M2 (right mastoid), or an average of 

A1+A2 or M1+M2 referred to as linked ears/mastoids (Hagemann et al., 2001). Other 

reference schemes include: Cz-A1  and Cz-A2 (averaged ears reference),  generally 

computed off-line after referencing online to Cz; an average reference which involves 

subtracting from each site the averaged activity from all other electrode sites; and 

finally current source density (CSD), which is a technique of estimating the source of 

activity at particular reference sites which is essentially reference free (Coan & Allen, 

2004; Hagemann et al., 2001; Henriques & Davidson, 1990). 

In a recent review of reference schemes, Hagemann et al. (2001) warned against 

the use of the Cz reference scheme or a reference scheme lateralised to one hemisphere. 

Firstly, as an active site, the use of Cz as a reference can produce erroneous findings, 

biasing asymmetry findings towards one hemisphere (see Hagemann et al., 2001 for a 

full explanation). On the other hand, ear lobe and mastoid reference schemes have been 

employed under the assumption that no electrical activity occurs/can be detected at 

these locations. Contrary to this assumption, studies examining activity at mastoid and 

ear lobe locations during EEG recordings have detected electrocortical activity 

concurrently detected at other regions of the scalp (Curran, Tucker, Kutas, & Posner, 

1993; Lehtonen & Koivikko, 1971). 

The use of different reference schemes between studies has also come under 

recent scrutiny in response to studies such as Hagemann et al. (2001) which 

demonstrated that analysis of the same data set with different reference schemes can 

produce contrasting results.  Similar findings have been reported by other groups 

analysing data with multiple reference schemes (Hagemann, Naumann, Becker, Maier, 

& Bartussek, 1998; Henriques & Davidson, 1990; 1991). Clearly the use of different 

reference schemes is problematic for comparing across studies in this area. This issue
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will be taken into consideration within the following review. It should be noted that 

Hagemann et al. (2001) found that the most reliable reference scheme (i.e., that 

produced the most consistent findings across different baseline periods) was the linked 

mastoids reference scheme (M1+M2).

The raw EEG  signal at each electrode site is typically decomposed into distinct 

frequency bands of interest through a process of Fourier Analysis, which is a 

mathematical technique used to represent a complex signal (such as a raw EEG wave) 

as the sum of a set of sinusoidal waves of varying frequencies (Lopes da Silva, 2005). 

Research in this area has focused on the alpha frequency band (8-13Hz). Alpha power is 

the activity in microvolts squared at this particular frequency band. The use of the alpha 

frequency band derives from a series of studies which have demonstrated an inverse 

Figure 2-1.  Placement of 32 scalp electrodes according to the International 10-20 

system.

Left Right
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relationship between alpha power and cortical activity (Andersen, Andersson, & Lomo, 

1967a, 1967b; Buzsaki, Bickford, Paromareff, Thal, Mandel, & Gage, 1988; Buzsaki, 

1991; Jasper, 1949; Larson et al., 1998; Lopes da Silva, Vos, & van Rotterdam, 1980; 

Morrison, & Bassett, 1945; Morrison, Finley, & Lothrop, 1943; Steriade, Descheres, 

Domich, & Mulle, 1985). Such studies suggest that alpha rhythm is generated by the 

thalamus in a pacemaker fashion (Buzsaki et al., 1988; Larson et al., 1998; Steriade et 

al., 1985). When there is no or little cortical activity, a strong alpha rhythm will be 

detectable at the scalp. When the cortex is active, it suppresses alpha rhythm so that the 

power detected in the alpha band is significantly reduced (Larson et al., 1998). Less 

alpha power (alpha suppression) is therefore taken as an index of greater cortical 

activity.

Table 2-1 outlines a series of terms used within the anterior asymmetry literature 

in relation to trait/state and global/relative activity in frontal regions. Individual 

differences exist in the degree of global and relative activity in left and right prefrontal 

regions (Tomarken, Davidson, Wheeler, & Kinney, 1992). Global activity is that 

described for a specific region, for example, left frontal activity refers to activity 

detected locally at left frontal locations. Asymmetry, on the other hand, is a measure of 

the relative degree of left to right frontal activity. For example, mid-frontal asymmetry 

is computed as the difference between activity in the left mid-frontal and right mid-

frontal regions (see Table 2-1). Left frontal asymmetry refers to greater activity in the 

left relative to right frontal regions and vice versa for right frontal asymmetry. 

Computation of an asymmetry index (or any within-subjects alpha power difference 

score) removes a large degree of unwanted individual variance in alpha power, for 

example, that associated with scull thickness or scalp-related impedance (Coan & Allen, 

2004). 



12

 

\

State and trait 
frontal EEG 

asymmetry terms Description EEG derivation

Trait global

Baseline left 
frontal activity

Degree of EEG activity measured 
at left frontal electrode locations 
during a resting baseline. Alpha suppression at F3 or F7

Baseline right 
frontal activity

Degree of EEG activity measured 
at right frontal electrode 
locations during a resting 
baseline Alpha suppression at F4 or F8

Trait - relative

Baseline 
left/right frontal 
asymmetry

Direction of anterior asymmetry 
– greater left relative to right 
EEG activity measured at frontal 
electrode locations during a 
resting baseline.

Asymmetry score: difference in 
natural log alpha power at mid and 
lateral frontal sites. Positive scores = 
left frontal asymmetry. 
Mid frontal (ln[F4]-ln[F3]) 
Lateral frontal (ln[F4]-ln[F3]) 

Baseline right 
frontal 
asymmetry

Direction of anterior asymmetry - 
greater right relative to left EEG 
activity measured at frontal 
electrode locations during a 
resting baseline.

Asymmetry score: difference in 
natural log alpha power at mid and 
lateral frontal sites. Negative scores 
= right frontal asymmetry 
Mid frontal (ln[F4]-ln[F3])
Lateral frontal (ln[F4]-ln[F3])

State - global

Left frontal 
activation 

Enhancement of EEG activity in 
left frontal locations from a 
resting baseline in response to 
specific eliciting event. 

Calculate alpha power at F3 or F7 at 
time 1 and time 2. If there is an 
increase in alpha power, then it 
means there is a reduction in left 
frontal activity from time 1 to 2. 

Right frontal 
activation 

Enhancement of EEG activity in 
left frontal locations from a 
resting baseline in response to 
specific
eliciting event.

Calculate alpha power at F4 or F8 at 
time 1 and time 2. If there is an 
increase in alpha power, then it 
means there is a reduction in left 
frontal activity from time 1 to 2. 

State - relative

Table 2-1. 

Reference terms for state- and trait-global and state- and trait-relative frontal activity  

in the anterior asymmetry literature. A description as well as the methods used to 
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State and trait 
frontal EEG 

asymmetry terms Description EEG derivation

State changes in 
left or right 
frontal 
asymmetry 

Reduction or enhancement in left 
or right frontal asymmetry from a 
resting baseline in response to a 
specific eliciting event.

Calculate asymmetry index as 
indicated above and look at change 
in asymmetry index from time 1 to 
time 2. If score is more positive at 
time 2 it means there has been an 
increase in left frontal asymmetry.

2.3 Davidson's Anterior Asymmetry and Emotion Model

As previously noted, Davidson (1984; 1998; 2004) attributes variance in anterior 

asymmetry to the relative activity of two fundamental systems: the approach system and 

the withdrawal system. 

2.3.1 The Approach System. 

The approach system mediates appetitive behaviour (i.e., movement towards a 

desired goal) and is involved in the generation of positive affect associated with this 

behaviour. Positive affect generated by the approach system functions to motivate 

movement towards a desired goal (e.g., excitement, enthusiasm; Davidson, 1998). For 

instance, a child seeing a playground ahead will likely experience excitement which will 

facilitate their movement towards the playground. This form of positive affect, 

specifically pre-goal attainment affect, must be distinguished from post-goal attainment 

affect (e.g., contentment), with only the former generated by the approach system. 

Consequently, given that the AAE model states that left frontal activity reflects activity 

in the approach system, then only pre-goal attainment affect should be associated with 

left frontal activity.

2.3.2 The Withdrawal System

 The withdrawal system mediates withdrawal of an organism from sources of 
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aversive stimulation and organises otherwise appropriate responses to signals of threat 

(Davidson & Irwin, 1999). The withdrawal system also generates forms of associated 

negative affect (e.g., fear, disgust).  The fear generated by the sight of a spider, 

compelling a spider phobic to leap from their chair and run from the room, is an 

example of the negative affect generated by withdrawal system activation (Davidson et 

al., 2000).  Again, negative affect generated by the withdrawal system is restricted to 

that associated specifically with withdrawal motivation (e.g., fear) and must be 

distinguished from that experienced on receipt of punishment (e.g., pain; anguish).

2.3.3 Trait and State Activity in Relation to Anterior Asymmetry

In line with biologically based theories of trait individual differences in affect 

(e.g, Gray, 1982; Kagan, Reznick, & Snidman, 1988; Tellegen, 1985), Tomarken et al. 

(1992) theorised that baseline activity in right and left prefrontal cortices reflects the 

threshold of activation and reactivity of the approach and withdrawal systems to their 

respective eliciting stimuli. For instance, an individual exhibiting enhanced right 

relative to left frontal activity at baseline (i.e., right frontal asymmetry), should have a 

lowered threshold for activation and  greater reactivity to potentially punishing relative 

to rewarding stimuli. New social  circumstances, for example, present inherent potential 

for social punishment and reward. An individual with baseline right frontal asymmetry 

would be more sensitive to social punishment stimuli than social reward stimuli in this 

context and would thus be more likely to exhibit behaviour and affect characterised by 

withdrawal motivation (i.e., anxiety, active avoidance of new people).

State changes in left and right frontal activity can be observed at an individual 

level but are superimposed onto trait baseline differences (Davidson, 1998). For 

example, exposure to a fear stimulus (e.g., a contained spider to a spider phobic) will 

elicit withdrawal system activation which should be reflected in enhanced right frontal 
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activity. Depending on the individual's pattern of baseline anterior asymmetry, this will 

lead to either an enhancement of right frontal asymmetry or reduction in left frontal 

asymmetry (Tomarken et al., 1992). That is, an individual with left frontal asymmetry at 

baseline exhibiting an enhancement in right frontal activity on presentation of a fear- 

eliciting stimulus may still exhibit overall left frontal asymmetry. As well, resting 

baseline anterior asymmetry reflects both trait and state factors. Hagemann, Naumann, 

Thayer, and Bartussek (2002) measured resting anterior asymmetry on four occasions 

separated by four weeks.  They found that trait factors accounted for 60 % of the 

variance in anterior asymmetry whilst state factors accounted for the additional 40 %. 

In addition, other evidence, largely from the laboratory of Eddie Harmon-Jones and 

colleagues, has indicated that individual differences may also exist in the degree of 

activation (change from baseline) of left and right frontal activity in response to eliciting 

stimuli (e.g., Harmon-Jones, Abramson, Sigelman,  Bohlig, Hogan, & Harmon-Jones, 

2002; Harmon-Jones, Lueck, Fearn, & Harmon-Jones, 2006).

2.3.4 Anterior Asymmetry and Psychopathology.

A great deal of attention has been directed to the relationship between 

psychopathology (e.g., depression, anxiety) and anterior asymmetry. Davidson (1998) 

conceptualises the stated relationship in terms of a diathesis-stress model whereby 

baseline anterior asymmetry presents a diathesis that affects the manner in which an 

individual will act under emotional challenge, but will not necessarily affect mood or 

behaviour in the absence of such a challenge. For example, consider two individuals. At 

basline, one individual exhibits a pattern of left frontal asymmetry while the other a 

pattern of right frontal asymmetry. Both individuals are retrenched from their jobs. The 

individual exhibiting trait left frontal asymmetry is likely to respond to this challenge 

with relatively greater approach-related motivation/affect and less withdrawal-related 
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motivation/affect. For instance, instead of ruminating over their circumstances, they 

would be more likely to start looking for new employment opportunities. In contrast, the 

individual with trait right frontal asymmetry would respond to this challenge with 

relatively more withdrawal-related motivation/affect and less approach-related 

motivation/affect. This could lead to greater rumination/anxiety in response to the 

retrenchment and in turn less approach motivation and more anxiety at the prospect of 

finding new employment. It can therefore be seen how given exposure to a series of 

such stressful life events, individuals exhibiting trait right frontal asymmetry may be at 

greater risk of developing clinical depression or anxiety (Davidson, 1998; 2004). 

Finally,the two systems, approach and withdrawal, are thought to be supported 

by partially separable neural systems (Davidson, 1998). Although the focus of 

Davidson's (1998, 2004) work has been the role of the prefrontal cortex in emotional 

processes, he stresses that the left and right prefrontal regions are only one aspect of an 

extensive cortical and subcortical network underlying the approach and withdrawal 

systems. To date Davidson (1998; 2004; Davidson et al., 2002; Davidson & Irwin, 

1999) has not proposed an explicit neurological model of the two fundamental systems. 

He has, however, highlighted a number of regions which he sees as central to each 

respective motivational system. 

2.3.5 The Neurology of the Approach and Withdrawal Systems

In addition to left prefrontal regions, Davidson (1998; Davidson et al., 2002) 

highlights other cortical and subcortical regions in the proposed neurology of approach 

motivation. The nucleus accumbens, part of the ventral striatum, has been extensively 

investigated in relation to reward anticipation, with particular emphasis on 

dopaminergic input from the ventral tegmental area (see Depue & Collins, 1999 for an 

extensive review). Neurons of the nucleus accumbens respond to signals of reward and 
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it is also a major convergence area for reward-related input from limbic and cortical 

regions (Depue & Collins, 1999; Pickering & Gray, 1999). Davidson (1998) also 

suggests that medial prefrontal cortex may play a role in approach motivation, based on 

its observed involvement in the maintenance of reinforcement contingencies in working 

memory. In particular, it appears that the medial prefrontal cortex may in fact modulate 

the transfer of reward-related information through the nucleus accumbens (Kalivas, 

Churchill, & Klitenick, 1993). 

The amygdala, illustrated in Figure 2-2, is considered central to the neurology of 

the withdrawal system. Extensive research in animals and humans has demonstrated the 

role of the amygdala in aversive conditioning as well as the perception and production 

of withdrawal-related affect (for reviews see Cahill & McGough, 1998; Davidson & 

Irwin, 1999; LeDoux, 1996). In addition, Davidson (1998) includes the temporal polar

region which is activated during the expression of withdrawal-related affect (Drevets, 

Videen, MacLeod, Haller, & Raichle, 1992; Reiman, Fusselman, Fox, & Raichle, 1989). 

The hypothalamus and the basal ganglia, (of which the ventral striatum is a part), are 

also included, with their proposed roles being the motor and autonomic aspects of 

withdrawal system activation.

It should be noted that Davidson (1998, 2004; Davidson & Irwin, 1999; 

Davidson et al., 2000, 2002) highlights additional regions (hippocampus, posterior 

cortical regions, insular cortex) in his neuroanatomy of emotion. However, he does not 

explicitly relate these areas to approach and withdrawal systems, hence they are not 

discussed further here. 

 2.3.5.1 The role of prefrontal cortical regions. The prefrontal cortex is the most 

anterior aspect of the frontal cortex of the brain (Stuss & Knight, 2002). It is widely 

accepted to be the centre for executive control and working memory (for reviews see 
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Carpenter, Just, & Reichle, 2000; Smith & Jonides, 1999). There are a number of 

functionally distinct executive control processes supported by the prefrontal cortex and 

although there exists a lack of consensus as to the distinct taxonomy, most definitions 

include focusing attention; set-shifting; inhibition of prepotent responses; and goal 

-setting and planning (Smith & Jonides, 1999). Intrinsically linked, working memory 

provides the platform for the active maintenance and manipulation of information 

required for all executive processes (Smith & Jonides, 1999).  

The neuroanatomical divisions and sectors within the prefrontal cortex are 

illustrated in Figure 2-2. The orbitofrontal cortex and the ventromedial prefrontal cortex 

have received extensive attention in relation to emotion and motivational processes 

(e.g., Fellows & Farah, 2003; Hornak et al., 2004; Tremblay & Schultz, 1999; 

Kringelbach & Rolls, 2003). The orbitofrontal cortex is sensitive to the incentive value 

of conditioned and unconditioned stimuli. This has been demonstrated through 

neuroimaging of the human orbitofrontal cortex (for review see Kringelbach & Rolls, 

2004) as well as cell recordings within the primate orbitofrontal cortex (Critchley, 

Browning, & Hernadi, Roesch & Olsen, 2004; Rolls, 1998; Wallis & Miller, 2003). 

Orbitofrontal neurons respond to changes in incentive value related to changing 

motivational states (Rolls et al., 1998), specific changes in incentive value (O'Doherty, 

2000) as well as the value in relation to other available incentive alternatives (Tremblay 

& Schultz, 1999). In terms of the approach and withdrawal systems, the orbitofrontal 

cortex is most likely involved in representations of the incentive value of goals (e.g., to 

approach playground) and updating this information with regard to changing incentive 

value and context. As well, this area is likely to support the process of comparing the 

incentive value of two or more concurrently activated goals (e.g., choosing items on a 

menu). 
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The ventromedial prefrontal cortex occupies much of the medial orbitofrontal 

cortex, but extends further medially into the medial prefrontal cortex (Bechara, 

Damasio, Damasio, & Anderson, 1994). This area has been extensively investigated by 

Bechara, Damasio and colleagues  in relation to human incentive-based decision making 

(Bechara et al, 1994; Bechara, Damasio, Damasio, & Lee, 1999; Bechara, Damasio, 

Tranel, & Damasio, 1997; Bechara et al., 1999; Damasio, 1994). This group has shown 

that individuals with damage isolated to the ventromedial prefrontal cortex have an 

impaired ability to update reinforcement contingencies with new information, and even 

when they are aware of new contingency relations, they are then unable to incorporate 

this into their decision making (Bechara et al., 1999). Behaviourally, they make 

Figure 2-2.  Neuroanatomical divisions of the prefrontal cortex. Note that although not 

clearly indicated, the region of referred to as ventromedial is also orbitofrontal, that is 

the regions cross over. Also, the ventromedial sector travels further into the medial 

prefrontal cortex, not indicated here in the absence of a medial view. (Diagram 

reproduced from Davidson & Irwin, 1999).
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decisions based on immediate consequences and appear to ignore future consequences 

(Bechara et al., 1999).  With regard to the approach/withdrawal systems, this region is 

most likely engaged when there exists conflict between two concurrently activated 

goals, for instance, to approach an immediate reward, or avoid future punishment.

Although the ventromedial and orbitofrontal regions appear to play critical roles 

at the cortical level of both approach and withdrawal, Davidson (1998, 2004; Davidson 

et al., 2000) has postulated that the dorsolateral sectors of the prefrontal cortex are the 

most likely source of frontal EEG asymmetry. Indeed, using a combination of 

neuroimaging and neurophysiological techniques, his group has provided source 

localisation evidence to support this conjecture (Pizzagalli, Sherwood, Henriques & 

Davidson, 2005). 

In contrast to orbitofrontal and ventromedial regions, the dorsolateral cortex has 

been associated most extensively with executive/cognitive functions such as attention, 

response selection and working memory (Goldman-Rakic, 1987; Fuster, 2003; Miller & 

Cohen, 2001). This region has also drawn attention in relation to the aetiology of 

emotional disturbances in certain anxiety disorders (Matthew et al., 2004) bipolar 

disorder (MacDonald, Naydenov, Chu, Matzilevich, & Konradi, 2006) and 

schizophrenia (Cullen, Walker, Eastwood, Esiri, & Harrison, 2006).  As well, there is 

growing evidence that dorsolateral prefrontal regions play a key role in the processing 

of reward and punishment stimuli (Kobayashi et al., 2002; Leon &  Shadlen, 1999; 

Wallis & Miller, 2003; Watanabe, 1996). Recording directly from cells in the primate 

dorsolateral prefrontal and orbitofrontal cortices, Wallis and Miller (2003) provided an 

important insight into the respective roles of these two cortical regions in incentive-

based decision making. They reported that neurons in both the dorsolateral prefrontal 

cortex and the orbitofrontal cortex coded the perceptual attributes and the incentive 
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value of a conditioned reward stimuli. However, only the dorsolateral prefrontal cortex 

encoded the forthcoming response. Furthermore, activity in orbitofrontal neurons 

occurred earlier than the dorsolateral prefrontal neurons. This lead Wallis and Miller 

(2003) to suggest that perceptual attributes and relative incentive magnitude of 

conditioned reward stimuli are processed in the orbitofrontal cortex and that this 

information is then passed onto the dorsolateral prefrontal cortex for organisation and 

selection of the forthcoming response. Unfortunately Wallis and Miller (2003) did not 

investigate the processing of conditioned punishment stimuli (i.e., the withdrawal 

system), thus their findings bear direct relevance to the approach system only.

Finally, as the dorsolateral prefrontal cortex is considered to be the source of 

frontal EEG asymmetry, the left dorsolateral prefrontal cortex is consequently aligned 

with the approach system and the right dorsolateral cortex, the withdrawal system. On 

the basis of available evidence regarding the role of the dorsolateral prefrontal region in 

both emotion processes and executive functions, Davidson (1998, 2004) has postulated 

that the likely role of the left dorsolateral prefrontal region is to mediate the active 

maintenance of approach-related goal states as well as the planning, scheduling and 

monitoring of actions required to attain this goal. Accordingly, he suggests that the right 

dorsolateral prefrontal cortex undertakes the corresponding role with regard to 

withdrawal-related goals (Davidson, 2004). 

Overall, Davidson (1998, 2004; Davidson et a., 2000; Davidson & Irwin, 1999) 

presents a somewhat superficial sketch of the neuroanatomy underlying the approach 

and withdrawal systems which has been expanded on here based on current knowledge 

of the functional roles of regions implicated (e.g., ventromedial prefrontal cortex). He 

also states that depending on the context, approach and withdrawal system activation is 

likely to involve numerous other regions that are not mentioned here (Davidson, 1998). 
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However, based on available evidence, Davidson (1998) argues that the  regions 

highlighted above are critically and universally involved in each respective system. 

Further, he states that it is activation in the regions highlighted that underlies individual 

differences in approach and withdrawal related affective processes, the focus of his 

model being the role of asymmetric activity in prefrontal (most likely left and right 

dorsolateral) regions in such processes.

The current chapter and Chapter 3 will review a body of empirical data collected 

over three decades, with the goal of determining to what extent this literature supports 

the relationship of EEG measures of frontal asymmetry/activity and 

sensitivity/activation in the approach and withdrawal systems proposed by Davidson 

(1998). The current chapter will focus on studies addressing left frontal 

activity/asymmetry and the approach system whilst research pertaining to right frontal 

activity/asymmetry and the withdrawal system will be reviewed within Chapter 3. The 

studies reviewed here and in Chapter 3 are also summarised in Tables 2-2 and 3-1. 

Chapter 3 will also present a general discussion of methodological and conceptual 

issues raised during the review of both approach and withdrawal system related studies. 

The review presented both here and in Chapter 3 will be restricted to frontal EEG 

measures (specifically alpha suppression) of asymmetry/activity. Furthermore, although 

a large degree of empirical attention has been directed to EEG frontal asymmetry 

measures in infants and children, the following discussion will be restricted to adults for 

two reasons. Firstly, given the significant cortical development that occurs into 

adulthood (Spreen, 1995), the degree to which asymmetry measures taken during 

infancy and childhood relate to adult patterns of asymmetry is questionable. Secondly, 

to facilitate stillness during baseline EEG recordings, experimenters commonly engage 

children with toys and other novel stimuli (e.g., Buss et al., 2003; Davidson & Fox, 
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1989). The presence of novel stimuli should theoretically activate the approach and/or 

withdrawal systems in the infant being measured. It is therefore questionable whether 

recordings during this time would be an accurate reflection of resting baseline EEG 

activity.

2.4 The Approach System: State, Trait, and Clinical Manifestations

2.4.1 Hypersensitivity in the Approach System: Clinical Manifestations 

Hypersensitivity in the approach system results in enhanced sensitivity to cues of 

reward and observable enhancement in approach behaviour and self-reported approach-

related affect in response to such cues (Hewig et al., 2006). The AAE model would also 

predict an enhancement in baseline left frontal activity/asymmetry as well as enhanced 

left frontal activation in response to reward cues.  Hypersensitivity in the approach 

system is considered to play a critical role in the aetiology of at least two clinical 

phenomena, namely, addiction and mania. Studies undertaken over the past two decades 

which bear relevance to the relationship between hypersensitivity in the approach 

system and anterior asymmetry are summarised  in Table 2-2.

2.4.1.1  Addiction. Addictive disorders, encompassing here all substance-related 

addictive disorders as well pathological gambling, are characterised by heightened 

approach motivation and poor impulse control (for reviews see Dawe, Gullo, & Loxton, 

2004; Robinson & Berridge, 2003; Volkow, Fowler, Wang, & Swanson, 2004). There is 

general agreement that hypersensitivity in the approach system precedes addiction and 

is thus considered to be a risk factor for the development of substance-related addictive 

disorders and pathological gambling (Dawe et al., 2004). An additional feature of 

addiction is an apparent insensitivity to future punishment, possibly a reflection of 

hyposensitivity in the withdrawal system (Bechara, Dolan, Denburg, Hindes, Anderson, 
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& Nathan, 2001). According to the AAE model, individuals with a substance or 

gambling-related addiction would be expected to exhibit enhanced baseline left frontal 

activity as well as enhanced left frontal activation to reward cues. In addition, if paired 

with withdrawal system hyposensitivity, as previously suggested, this group would be 

expected to exhibit a marked pattern of baseline left frontal asymmetry.

As illustrated in Table 2-2, only three studies to date have investigated baseline 

frontal EEG activity in relation to substance-dependence (Costa & Bauer, 1997; 

Deckel,Bauer, & Hesselbrock, 1995; Herning, Guo, & Lang, 1995). Two of these 

studies failed to observe differences in left frontal activity between non-drug using 

controls and individuals with a substance dependence, though these studies did not 

specifically investigate relative anterior asymmetry between the two groups (Costa & 

Bauer, 1997; Herning et al., 1995). In contrast, Deckel et al. (1995) found that in a 

group of young males (aged 21-23) reporting high self-reported sensation-seeking 

antisocial traits (theoretically reflecting approach system hypersensitivity), greater 

baseline left frontal activity predicted earlier age of drinking and increased frequency of 

drinking to get “high”. 

In terms of state changes, Zinser, Fiore, Davidson, and Baker (1999) exposed 

smokers, following 12 hours of withdrawal from smoking, to a smoking-related cue and 

observed a significant increase in left frontal asymmetry relative to a resting baseline. 

Conducting a similar manipulation, Knott et al.(2005) failed to observe an effect of 

smoking-cue exposure, but did  report an overall pattern of left frontal asymmetry when 

asymmetry was averaged across all study conditions (including baseline and post-

smoking).

In sum, five studies to date have assessed anterior asymmetry in relation to 

substance dependence (no studies were located that address gambling). Three of these 
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Ahern and 
Scwhartz (1985)

33 female undergraduates na na Right Questions designed to induce affect  (IV – 
ws)
- happiness
- excitement
- neutral
- sadness
- fear
4 seconds listen, 20 seconds prepare answer

Cz No baseline Asymmetry
Also, left mid-frontal asymmetry score 
was greater during the happy induction 
than the fear induction. 

Post-hocs? no

Yes Partial – 

No post-hocs; 
unknown 
whether 
asymmetry 
due to 
happiness or 
fear

Allen et al. (1993) 4 currently depressed 
females with bipolar 
seasonal affective disorder 
(SAD); 4 control females

No No Right Group (IV - bs)
- bipolar SAD
- control
photo-therapy treatment (IV- ws)
- before treatment
- after treatment

Cz 2min EO Hemispheric effects
No effect of treatment on frontal activity. 
Reduced left relative to right frontal 
activity at midfrontal regions in females 
with bipolar seasonal affective disorder 
when collapsed over treatment stages. No 
difference between left and right frontal 
region observed fro controls.

Post-hocs? yes

Yes Yes 

Amodio et al. 
(2008)

48 undergraduates na na Not 
reported

Carver and White (1994) BAS scale AE 8 min 
EO/EC

Asymmetry
Left frontal asymmetry at midfrontal sites 
correlated positively correlated with BAS 
score. Didn't look at hemispheric effects. 

Post-hocs? na

No Yes

Bell and Fox 
(2003)

25 female undergraduates na  na Right MPQ derived Positive  Activation factor 
(IV-bs)
- high Positive Activation
- Low Positive Activation

(pre-screened from a larger group and 
selected as scores where either one SD 
above or below mean on positive 
activation)

Cz 1 min  EO Hemispheric effects
No difference in right or left frontal 
activity between the high and low positive 
Activation groups.

Post-hocs? na

Yes No

Bruder et al. (1997) 19 individuals with No No Mixed (5 Group (IV-bs) Nose 6min Asymmetry No Partial

Table 2-2.

 Summary of studies investigating the relationship between left frontal activity and the approach system.
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

depression & co-morbid 
anxiety disorder (10 males);
25 individuals with 
depression only (12 Males) 
26 controls (13 males)

left 
depressed 
only; 5 left 
controls)

-anxious depressed
- non-anxious depressed
- controls

EO/EC Activity at fronto-central, mid and lateral 
frontal sites averaged. Anxious depressed 
group exhibited greater right frontal 
asymmetry than both depressed only and 
controls, but no difference between 
depressed and controls.  

Post-hocs? Yes

Coan and Allen 
(2003)

32 undergraduates (10 male) na na  Right Trait BAS  (DV)
Scores on the CW BAS scale

AR
LM

8 min 
EO/EC8 
min EO/EC

Asymmetry
Greater left frontal asymmetry was 
associated with higher BAS at lateral and 
mid-frontal sites with linked mastoids 
reference only, and non-significant trend 
in same direction with average reference.

Hemispheric effects
Averaged mid- and lateral- frontal sites. 
Reduced right frontal activity was 
associated with higher BAS scores at all 
three reference schemes (so robust). No 
relationship between activity at left or 
right frontal regions and BIS

Post-hocs? na

No Partial 

Left frontal 
asymm. 
assoc. with 
higher BAS, 
but due to 
differences in 
right not left 
frontal 
activity. 

Costa and Bauer 
(1997)

88 individuals with 
substance dependence (61 
males); 14 controls (10 
males)

No No Not 
reported

Group(IV- bs) 
- cocaine dependent 
- heroin dependent
- alcohol dependent
- alcohol + cocaine - dependent
- non-drug using controls

Nose 7.6 min 
E0/EC

Hemispheric effects
No group differences in baseline activity 
at mid-frontal locations. 

Post-hocs? na

No No

Davidson et al. 
(1990)

11 female undergraduates na na Right Film Valence (IV-ws)
-positive films
-negative films 

Facial expression (DV)
- happy
- disgust

Cz 1min 
EO/EC

EEG 
recorded 
during film 
also

Hemispheric effects
No difference between between baseline 
activity and activity elicited during happy 
facial expressions was observed.

Post-hocs? Yes

Yes No

Debener et al. 
(2000)

15 individuals with 
depression. (5 males)
22 controls (7 males)

Yes, for 
psychosis/bip
olar  or 
substance 

Yes Mixed Group (IV - bs)
- depressed
- control

LE 8min 
EO/EC

Asymmetry
Activity averaged  over temporal and 
mid- and lateral frontal locations. 
Controls showed significantly greater 

No Yes
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

use; not for 
anxiety 
disorders.

baseline left fronto-temporal asymmetry. 

Post-hocs? Yes

Deckel et al. (1995) 91 young adult males 
recruited for high sensation 
seeking traits

34 met 
criteria for 
antisocial 
personality 
disorder

No right Risk-taking behaviour (DV)
- age at which first drink taken
- age at which regular drinking began
- frequency of drinking to get “high”
- frequency of drinking to get drunk
- Michigan Alcoholism Screening Test 

LE Not 
reported

Hemispheric effects
Greater activity at left midfrontal 
locations predicted earlier age of drinking 
and increased frequency of drinking to get 
“high”.

Post-hocs? yes

Yes Yes

Diego et al. (2001) 57 depressed mothers of 3-6 
month old infants

Unclear – not 
mentioned

No Not 
reported

Mother-infant interaction style (IV – bs)
- withdrawn
- intrusive

Trait BAS (DV)
Scores on the Carver and White (1994) 
BAS scale 

Cz 3 min 
(EO/EC not 
reported)

Asymmetry
(Depression- interaction style) 
Significantly greater right mid-frontal 
asymmetry in withdrawn relative to 
intrusive mothers.

(BAS) Higher BAS scores were correlated 
with greater left mid-frontal asymmetry. 
Higher CW BIS-BAS difference scores 
correlated with greater right mid-frontal 
asymmetry (i.e., predicted direction). This 
latter effect was primarily due to variance 
in the left but not the right mid-frontal 
regions.

Hemispheric effects
(Depression/Interaction style) Reduced 
left mid-frontal activity in withdrawn vs 
intrusive mothers. No difference in right 
frontal activity in this group. Also greater 

Post-hocs? yes

Yes Yes for 
depression- 
interaction 
style

Yes for BAS

Ekman et al. (1990) 31 females na na Right Film Valence (IV-ws)
-positive films
-negative films 

Facial expression (DV)
- spontaneously occuring smiles of 
enjoyment
- other smiles

Cz 1min 
EO/EC

EEG 
recorded 
during film 
also

Hemispheric effects
Spontaneously occuring  smiles of 
enjoyment were associated with enhanced 
left frontal activity relative to other 
smiles. Other smiles were associated with 
enhanced right frontal activity relative to 
baseline. This is expected as other smiles 
occurred primarily during negative films.

Yes Yes
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Post-hocs? Yes

El-Badri et al. 
(2001)

29 individuals with bipolar 
disorder I (10 males); 26 
controls (14 males) – all 
currently euthymic

No Yes Mixed Group (IV - bs)
- bipolar
- controls

LM 2min E0/EC Hemispheric effects
No group differences in lateral frontal 
activity at baseline.

Post-hocs? na

No No

Fink (2005) 66 (35 males) na  na Right NEO Extraversion scale (IV -bs)
- introverted
- extraverted

Nose 4min 
EO/EC

Hemispheric effects
Activity at mid, lateral and anterior 
frontal locations averaged. No difference 
between introverted and extraverted 
individuals at frontal regions. 

Post-hocs? na

No  No

Gable and Harmon-
Jones (2008)

26 female undergraduates na na Right Picture Type (IV -ws)
- neutral
-desert pictures

Liking for desert (IV - continuous)

Time since eaten (IV-continuous)

AR na Asymmetry
No overall difference between desert and 
neutral pictures in frontal asymmetry. 
However, time since eating and liking for 
desert interacted with the effect of picture 
type on asymmetry such that more time 
since eating and greater liking for desert 
predicted enhanced left frontal asymmetry 
in the desert picture condition.

Post-hocs? na

Yes Yes

Hagemann
et al. (1999)

36 undergraduates (12 male) na na Right PANAS rating (IV - bs)
- high trait positive affect
- low trait positive affect
 
EPQ-R  (IV - bs)
- high extraversion
- low extraversion

AE 8 min 
EO/EC

Hemispheric effects
No difference in right frontal activity 
between high and low trait positive affect 
groups or high and low extraversion 
groups. 

Post-hocs? Yes

Yes No

Hagemann et al. 
(2005)

61 undergraduates (31 
males)

na  na  Right Affective reactivity (IV-bs) (based on self-
reported affect in response to emotionally 
arousing films).
- positive affective reactivity
- negative affective reactivity

CSD 
AE 

12min 
E0/EC

Measured 
across 4 

Hemispheric effects
No relationship between negative or 
positive reactivity and activity at anterior, 
mid or lateral frontal sites. This was found 
for both averaged ears and CSD 

Yes  No
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

occasions 
separated by 
4 weeks 

reference. 

Post-hocs? Na

Hemispheric Effects
Greater right anterior frontal asymmetry 
predicted greater positive reactivity. No 
effect for lateral- or mid-frontal regions or 
for negative reactivity or affective arousal

Harmon-Jones and 
Allen. (1997)

37 female undergraduates na  na  Right PANAS rating (DV)
- state positive affect

BIS/BAS  rating (DV)
- trait BAS

Social Avoidance and Distress (SAD) scale  
(DV)

Cz 4 min 
EO/EC

Asymmetry 
Mid-frontal asymmetry unrelated to state 
positive affect. Greater left mid-frontal 
asymmetry was correlated with high trait 
BAS. 
Asymmetry unrelated  to scores on SAD.

Post-hocs? na

Yes Yes

Harmon-Jones and 
Sigelman (2001)

42 male undergraduates na  na  Right Anger Induction (IV-bs) 
- insulting feedback of own essay by other 
fabricated  student
- neutral evaluation of own essay by 
fabricated student. 

Self-reported anger (IV-ws)

Aggression Manipulation (IV-ws)
allocate one of a range of beverages to 
fabricated student who provided feedback – 
beverages ranged from very pleasant 
(sugary water) to very unpleasant (hot 
sauce)

AE 8 min 
EO/EC

Also 1min 
EEG 
recorded 
after anger 
induction.

Asymmetry
When baseline resting asymmetry was 
used as a covariate, individuals in the 
insult condition exhibited enhanced left 
frontal asymmetry after feedback relative 
to the neutral group. As well, when 
baseline asymmetry was controlled for, 
left frontal asymmetry after feedback 
significantly predicted grater self-reported 
anger as well as greater aggression.

Post-hocs? na

Yes Yes

Harmon-Jones et 
al. (2002)

 68 undergraduates  (34 
males)

na  na  Right Anger Induction (IV-ws) 
- listen to fabricated broadcast about 
university tuition increase.

Self-reported anger (IV-ws)

Proneness to hypomania and depression 
(DV)
-scores on the General Behaviour Inventory 
(GBI; Depue & Kline, 1988)

AE 8 min 
EO/EC

Also 3 min 
EEG 
recorded 
after anger 
induction.

Asymmetry
Left frontal asymmetry increased from 
baseline to after the broadcast. 
Controlling for baseline asymmetry, left 
mid- & lateral frontal and anterior 
temporal asymmetry following broadcast 
was positively correlated with proneness 
for hypomania and negatively correlated 
with proneness for depression. 

No Yes
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Hemispheric effects
Increased proneness to hypomania was 
associated with increased left and 
decreased right frontal activity

Increased proneness to depression was 
associated with increased right and 
decreased left frontal activity

Harmon-Jones et 
al. (2003)

 71 undergraduates  (37 
males)

na  na  Right Anger Induction (IV-ws) 
- listen to fabricated broadcast about 
university tuition increase.
 
Action Possibility  (IV-bs)
- Action possible: tuition increase not yet 
voted on and can sign petition 
- Action impossible: tuition increase  
already passed through vote and will  
happen. 

Self-reported anger (DV)

AE 8 min 
EO/EC 

Also 3 min 
EEG 
recorded 
after anger 
induction.

Asymmetry
Action possible group exhibited 
significantly greater left mid-frontal 
asymmetry after broadcast than the action 
impossible group. Action possible group 
exhibited significant enhancement in left 
frontal asymmetry from baseline where as 
action impossible group did not.

Controlling for baseline asymmetry and 
baseline anger, greater anger in response 
to broadcast in action possible group was 
associated with greater left mid-frontal 
asymmetry. Left mid-frontal asymmetry 
predicted a. whether an individual signed 
the petition  and b. the number of 
petitions taken to hand out to friends.

No Yes

Harmon-Jones et 
al. (2006) 

STUDY 1

 53 undergraduates  (ratio of 
males to females not 
reported)

na  na  Right Salience of being non-prejudiced (IV-bs) 
- complete attitude towards blacks quest.
-  complete different questionnaire.
 
Expectancy of angry approach related 
action (IV-bs)
- half of  grp who completed attitude 
towards blacks quest also wrote an essay 
which were told wld be used in research 
aimed to reduce prejudice

Self-reported anger (DV)

Affective Pictures (IV-ws)
- negative
- positive
- neutral

AE No  baseline

EEG 
recorded 
during 4 sec 
picture 
presentation

Asymmetry
Mid- and lateral frontal activity averaged. 
Greater left frontal asymmetry in high 
salience/high action expectancy group 
during racist images relative to all three 
other image types. 

Hemispheric effects
Greater left and less right  frontal activity 
during racist images relative to neutral 
images in above group but not other 
groups. 

No Yes
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Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

- images depicting racist acts.

Harmon-Jones et 
al., (2006)

STUDY 2

56 undergraduates
(ratio of males to females not 
reported)

na  na  Right Same as in Study 1 except that only the 
high salience/high expectancy of action 
condition was run. Goal was to see if 
individual differences in self-reported non-
prejudiced attitude would predict left frontal 
asymmetry to racist images.

AE No baseline. 

EEG 
recorded 
during 4 sec 
picture 
presentation

Asymmetry
Left frontal asymmetry enhanced greater 
to racist images than to all other images. 
Controlling for individual differences by 
removing EEG asymmetry variance to 
neutral images, individual difference in 
non-prejudice d attitude predicted left 
frontal asymmetry to racist images. 
Specifically better attitude towards blacks 
was associated with enhanced left frontal 
asymmetry to racist images.

No Yes

Harmon-Jones 
(2007) 

76 right-handed 
undergraduates (25 males)

na na Right Picture type (IV-ws)
-negative (fear or disgust)
- positive
- neutral
-anger (depicted instances of racism and 
prejudice).

Trait Aggression (IV -continuous)
- Scores on the Aggression Questionnaire 
(Buss and Perry, 1992)  

AE na Asymmetry
No difference overall between neutral and 
anger inducing pictures in terms of frontal 
asymmetry. 

Hemispheric Effects
No hemisphere specific effects for picture 
type at frontal regions, but enhanced left 
frontal activation at lateral temporal 
locations for anger relative to neutral 
pictures. Trait anger predicted greater left 
frontal (and temporal) activation to anger 
inducing pictures. 

Post-hocs? na

Yes Yes
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Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Harmon-Jones et 
al. (2008)

41 individuals with either 
Bipolar II disorder or 
cyclothymia (78% with 
bipolar II) 16 males; 53 
controls, 27 males. 

25 comorbid 
– 15 anxiety, 
15 substance 
use, 6 eating 
disorder. 

9 ppl 
on 
meds

Right Group (IV-bs)
-bipolar/ cyclothymia
-control

Anagram difficulty (IV-ws)
-easy
-medium 
-hard

Contingency (IV-ws)
-reward
-punishment

AE No baseline 

EEG 
recorded 
during  7sec 
prior to 
anagram 
presentation

Asymmetry
Lateral frontal asymmetry was 
significantly higher for reward relative to 
punishment condition in the hard anagram 
condition for the bipolar group only. 
Asymmetry did not distinguish between 
punishment and reward conditions for the 
easy and medium conditions and for any 
condition in the control group. 

Post-hocs? Yes

nb. also conducted analysis only with 
participants not  on meds – sig effects 
were replicated

No Yes

Hayden et al. 
(2008)

23 individuals with bipolar I 
disorder (? males); 27 
Controls (? males).

Yes – 
however 
individuals 
with 
comorbid 
diagnoses did 
not differ 
from those 
without on 
important 
study 
variables.

Yes Right Group (IV- bs)
- bipolar -currently symptomatic (however, 
this group included currently manic, mixed 
and depressive episodes)
-bipolar – currently euthymic
-control

AE 8 min 
EO/EC

Asymmetry
Currently symptomatic Bipolar 
individuals exhibited enhanced left 
midfrontal asymmetry than both the 
control group and the currently euthymic 
bipolar individuals. 

Nonsig trend for positive correlation 
between left frontal asymmetry and 
number of manic symptoms.

Post-hocs? Yes

nb baseline collected after showing film 
designed to elicit approach-related affect.

No Yes

Henriques and 
Davidson (1990)

6 previously depressed (1 
male); 8 controls with no 
history of  depression  (2 
males)

No No Right Group (IV - bs)
- previously depressed
- never depressed

Cz 
AE
AR 

1 min 
EO/EC

Hemispheric effects
Previously depressed individuals 
exhibited exhibited reduced left mid-
frontal activity relative to never depressed 
individuals. Trend at lateral frontal sites. 
Also tried 3 reference montages – only 
significant at Cz and averaged ears.

Post-hocs? No

No Yes

Henriques and 
Davidson (1991)

15 individuals with 
depression (7 males); 13 
controls with no history of 

No Yes Right Group (IV - bs)
-depressed
- never depressed control

Cz 
AE
AR  

1 min 
EO/EC

Hemispheric effects
Depressed individuals had sig reduced left 
mid frontal activity. Significant for Cz 

No Yes
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Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

depression (4 males) and average references but not for 
averaged ears reference.

Post-hocs? No

Asymmetry
Depressed  individuals exhibited greater 
right frontal asymmetry (less left frontal 
asymmetry) than individuals without 
depression. Significant for Cz and average 
references but not for averaged ears 
reference.

Herning et al. 
(1995)

33 cocaine dependent males; 
20 drug using control 
males;10 non-drug using 
control males 

Yes – various No Not 
reported 

Group (IV- bs) 
- cocaine dependent
- drug using
- non-drug using

LftE
or
RtE

3 min EC Hemispheric Effects
No group differences in baseline activity 
at mid-frontal locations.

Post-hocs? na

Yes No

Hewig et al. (2006) 59 undergraduates (29 
males)

na  na  Right German version of the CW BIS-BAS scale 
(DV)

PANAS – trait Positive affect (DV) 

STAXI  (DV)
-trait anger-out (approach)
-trait anger-in (active avoid)

Agression Questionnaire (DV)
- physical agression
- verbal agression

AE 
CSD

8 min 
EO/EC

Recorded 
on  three 
occasions 
separated by 
5 weeks

Hemispheric Effects
Greater bilateral anterior and lateral 
frontal activity correlated with higher 
BAS scores. Greater left mid-frontal 
asymmetry correlated with higher BIS 
scores. 

No relationship between left or right 
frontal activity/asymmetry and trait 
positive or negative affect.

Greater trait anger-out was associated 
with enhanced left frontal activity at 
anterior, mid, and lateral sites.

Post-hocs? na

No Partial

No – BAS

No – PA

Yes – Anger-
out

Hewig et al. (2006) 59 undergraduates (29 
males)

na na Right German version of the CW BIS-BAS scale 
(DV)

Gray constructs derived from EPQ-R (DV)
-BIS = N-E
-BAS = 2E + N

AE 
CSD 

12 min 
EO/EC
recorded on 
four 
occasions 
separated by 
4 weeks

Hemispheric Effects
Activity at mid-and lateral frontal sites 
averaged. No relationship with the CW 
BIS/BAS constructs or the EPQ-R 
derived BIS/BAS constructs. Overall 
greater right and left frontal activity 
correlated positively with BAS scores. 

No No
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Post-hocs? Yes

Hoffman et al. 
(2007)

24 female undergraduates na  na  Right PANAS - Trait Positive Affect (IV)

Affect induction (IV -ws) – imagine scenes 
from a just-viewed sad or happy film
- negative affect  (sad)
- positive affect (happy)

AM No baseline

30sec pre-
viewing,  30 
sec imagary. 

Asymmetry
No relationship between frontal 
(midfrontal)asymmetry during imagery 
following  positive (or negative film)and 
trait positive affect. 

Post hocs ? Yes

nb The authors report a positive 
correlation between trait negative affect 
and the difference in asymmetry between 
positive and negative affect inductions  – 
however, the extent to which this reflects 
enhanced/reduced RFA/LFA cannot be 
deduced.

Yes No

Jacobs and Snyder 
(1996)

36 male undergraduate na na Right BDI score (DV) 

PANAS -  Trait Positive Affect (DV)

LE 5 min 
EO/EC

Asymmetry
Divided into left/right mid/lateral frontal 
asymmetry groups. Right lateral frontal 
asymmetry group displayed higher BDI 
scores (more depression) than left lateral 
frontal asymmetry group. As well, greater 
right lateral frontal asymmetry was 
correlated with high BDI scores. 
No difference in trait positive affect 
between left and right mid-frontal groups 
or left and right lateral-frontal groups. 

Yes Yes - BDI 

No-PANAS

 Knott et al. (2005) 12 smokers (10 male) na na Right Epoch (IV- ws) 
- - immediately after 12 hrs smoking 
deprivation

- immediately after sham smoking
- immediately after actual smoking

LE 2 min EC Hemispheric effects
No effect of epoch. 
      
Baseline asymmetry not investigated.

Post-hocs? na

No Yes

Koek et al. (1999) 7 individuals with bipolar 
disorder I or II (6 males)

Secondary to 
head injury in 
3 individuals.

Yes Mixed Mood states/episodes (IV -ws)
- depressive
- manic
- euthymic
 

LE Not 
reported

Asymmetry
No significant change in baseline mid-
frontal asymmetry from depressive or 
euthymic state to manic state or 
depressive to euthymic state.

No No

Mathersul et al. 
(2008)

208 undergraduates (104 
males).

na  na Mixed but 
matched 
between 

Grouping 1 (IV-bs) -scores on DAS
-normal 
-anxious

AR 2 min  EC Asymmetry
For grouping 1-normal group exhibited 
greater left frontal asymmetry compared 

Yes Partial
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groups -comorbid (depressed/anxious)

Grouping 2 (IV-bs)
- scores on DASS
-normal
-anxious arousal
-anxious apprehension
-comorbid (anxiety/depressed)

to both anxious and comorbid group. For 
grouping 2, anxious arousal group showed 
overall right lateralised whilst anxious 
apprehension group showed overall left 
lateralised. 

Post-hocs? no

Hemispheric effects
When grouped in terms high versus low 
right frontal activity,  the two groups 
showed no difference in anxiety. 

Miller et al. (2002) 55 individuals with 
childhood-onset depression 
(27 males)
55 controls with no history 
of depression (17 males)

na Yes – 
9 ppl

Mixed Group (IV - bs)
- childhood onset depression 
 - controls w/ no history depression
Gender (IV - bs)
- males
- females

AR. 6 min 
EO/EC

Asymmetry
Males with childhood onset depression 
had significantly greater LFA than males 
with no history of depression. Females 
with childhood onset depression had 
significantly less LFA than individuals 
with no history of depression .
- The direction of the gender difference 
was most pronounced in individuals with 
lifetime bipolar spectrum disorder – 
females exhibited particularly extreme 
RFA whilst males exhibited particularly 
extreme LFA

Yes Partial

Miller & Tomarken 
(2001)

60 undergraduates (30 
males)

na  na Right Response hand (IV – bs)
- right response
- left response
- passive response type

Incentive Type (IV – ws)
- large punishment
- small punishment
- large reward
- small reward
- neutral (no incentive)

RT task – must exceed mean RT to receive 
reward/avoid punishment.

Success Expectancy (IV –ws)

AE No baseline

EEG 
recorded 
during 
4 sec delay 
between 
indication 
of trial type 
(pun/rew) 
and signal 
to respond.

Hemispheric Effects
Linear trend for incentive type x 
hemisphere at anterior frontal sites only – 
trend is increasing left frontal asymmetry 
from large punishment through to large 
reward. No gender effect.

Post-hocs? na

Asymmetry
Males showed the greatest left mid-frontal 
asymmetry high success expectancy linear 
decreases in left mid-frontal activation 
during the medium and low expectancy 
conditions. However,
females showed the greatest relative left 

Yes Yes
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- high
- medium 
- low

mid-frontal activation low success expect-
ancy condition and linear decreases in left 
mid-frontal asymmetry during the other 
two conditions.

Peterson et al. 
(2008)

43 female undergraduates na  na  Right Anger Induction (IV-bs) 
- insulting feedback of own essay by other 
fabricated  student
Hand contraction (IV-bs)
- left hand contractions
- right hand contractions

Aggression Manipulation 
A game where they able to present noise 
blasts  to a participant if their reaction time 
on a task was fastest. If their reaction was 
slowest they would receive a noise blast 
themselves. 
Related IVs
- volume of noise blast
-duration of noise blast

AE 4 min 
EO/EC

EEG also 
recorded 
during hand 
contractions
.

Asymmetry
Individuals making right hand 
contractions exhibited enhanced left 
frontal asymmetry and also exhibited 
greater aggression (longer and louder 
noise blasts).  

Post-hocs? na

Yes Yes

Pizzagalli et al. 
(2005)

18 community volunteers (10 
females) 

na na Right Reward bias on a signal detection task 
(DVs)

LftE 30 min 
E0/EC

Hemispheric effects
Enhanced left frontal activity during 
baseline predicted greater reward bias. 
Source localised to left dorsolateral 
regions.

Post-hocs?  na

Yes Yes

Reid et al. (1998)

STUDY 1

36 female undergraduates na na Right Preselected based on BDI score (IV - bs)
- depressed 
- non-depressed

LM 8 min 
EO/EC

Asymmetry
No difference between the depressed and 
non-depressed groups in mid or lateral 
frontal asymmetry or anterior temporal 
asymmetry. 

Yes No

Reid et al. (1998)

STUDY 2

13 females with depression
14 non-depressed matched 
control females

No No Right Group (IV-bs)
- depressed 
- non-depressed

LM 8 min 
EO/EC

Asymmetry
 No difference between the depressed and 
non-depressed groups in mid or lateral 
frontal asymmetry or anterior temporal 
asymmetry. 

However, when the first 2 minutes of 

Yes Partial – for 
first 2 minutes 
of data but 
not full 8 
minutes.
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for 

Gender
Support for 
AAE model

baseline data were analysed, they found 
significantly reduced left frontal 
asymmetry in the depressed relative to the 
control group. Authors suggest may be 
due to state factors of experimental 
environment.

Schmidt and Fox 
(1994)

40 female undergraduates na  na  Right Check & Buss Shyness & Sociability Scale  
(IV-bs)
-high sociable
-low sociable
-High shyness
-Low shyness

Cz No 
baseline. 

6 min  EO 
recorded 
whilst 
anticipating 
interaction 
with another 
student.

Asymmetry
High sociable individuals displayed 
greater left mid-frontal asymmetry than 
low sociable individuals. No effects for 
shyness and no interaction between 
shyness and sociability.

Post-hocs? Yes

Yes Yes

Schmidt (1999) 40 female undergraduates na na  Right Check & Buss Shyness & Sociability Scale  
(IV-bs)
- high shy
- low shy
-high sociable
-low sociable
(subjects screened from larger sample 
according to extreme high/low scores on 
each scale)

Cz 6 min EO Asymmetry
High sociable individuals displayed 
greater left mid-frontal asymmetry than 
low sociable individuals. High shy 
individuals displayed greater  right mid-
frontal asymmetry than low shy 
individuals. 

Individuals who were high shy/low 
sociable displayed greater right mid-
frontal asymmetry than those who were 
low shy/high sociable. 

Post-hocs? Yes

Yes Yes

Schmidtke and 
Heller (2004)

107 undergraduates (52 
males)

na  na Right NEO-PI (DV)
- Neuroticism
- extraversion
- openness

LE 8 min 
EO/EC

Hemispheric effects
No relationship between any of three 
personality dimensions and activity at left 
or right mid- or lateral frontal locations 
were observed. 

No No

Schutter et al. 
(2004)

18 undergraduates (9 males) na na Right Ratio of good to bad decks on the Iowa 
Gambling Task (DV). - higher bad: good 
ratio should reflect greater reward and 
reduced punishment sensitivity.

RtE 4min 
EO/EC

Asymmetry 
Greater left frontal asymmetry during a 
resting baseline predicted predicted 
smaller bad:good deck ratio of choices – 
opposite to that predicted by the AAE 

No No
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model. 

Shankman et al. 
(2007)

65 Major depression (22 
males); 
34 controls (10 males)

Yes – anxiety 
disorder 
(33.8%)

Yes - 
49%

Right Group (IV-bs)
-depressed
-non-depressed
Depression chronicity (IV-bs)
-chronic
-early onset

Age of onset (IV – continuous)

Incentive manipulation on gambling task
- reward
- no reward

LE No baseline

EEG 
recorded 
whilst 
waiting for 
trial 
outcome8 
min EO/EC

Hemispheric effects
No significant effects between reward and 
non-reward for controls only. No 
difference between controls and depressed 
individuals. No effects when comparing 
chronic to early onset. 
However, significant effects of age of 
onset – earlier age of onset, reduced 
left/greater right compared to controls and 
late onset depression (however unclear if 
effects are specific to left or right as only 
reported sig condition x hemisphere x 
group interactions -didn't look at 
hemisphere's separately )

post-hocs? no

No Partial

Smit et al. (2007) 760 na  na Group (IV-bs)
-young cohort
-middle aged

AE 3 min 
EO/EC

Smith e al. (1995) 48 undergraduates (24 
males)

na  na  Right EPQ-R (IV-bs)
- extreme extravert
- extreme introvert 
(pre-screened and selected on this basis)

LE 5 min EC Hemispheric effects
Extraverted  females showed more right 
mid- frontal activity than introverted 
females. Extraverted males showed less 
right mid-frontal activity than introverted 
males. 

Post-hocs? No

Yes Partial – 
effect in the 
predicted 
direction for 
males but 
opposite for 
females.

Sobotka et al. 
(1992)

15 undergraduates (7males) na  na Right Incentive Type (IV – ws)
- punishment
- reward
RT task – must exceed mean RT to receive 
reward/avoid punishment.

Approach/Avoid motor Response  (IV-ws)
- approach (button press)
- avoid (button release)

Self-reported affect post-
reward/punishment.

LE No resting 
baseline.

EEG 
recorded 
during 
4 sec delay 
between 
indication 
of trial type 
(pun/rew) 
and signal 

Hemispheric Effects
Significant hemisphere by valence 
interaction at mid- and lateral frontal 
sites. Inspection of means suggests greater 
right frontal activity on punishment vs 
reward trials and greater left  frontal 
activity on reward relative to punishment 
trials. Overall greater left frontal activity 
regardless of incentive type
.
Post-hocs? no

No Yes  – 

BUT
no post-hocs 
for 
hemispheric 
effects so 
caution.
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

- positive affect pre/post-reward
- negative affect pre/post-punishment 

to respond. Greater left mid-frontal asymmetry during 
reward trials predicted greater self-
reported positive affect on receipt of 
reward.

Sutton and 
Davidson (2000)

81 undergraduates (38 
males)

na na Right Positivity Index (IV - bs
-number of pleasant vs unpleasant word-
pairs selected in word-pair comparison task.

Aver
age 
ears 

8 min 
EO/EC

Recorded 
on 2 
occasions 
6 weeks 
apart.

Asymmetry
Greater left anterior frontal asymmetry 
was correlated with higher positivity 
index, that is a preference for pleasant 
over unpleasant word-pairs. Marginally 
significant trend apparent at mid and 
lateral frontal sites.  As well, when groups 
were split into right and left frontal 
asymmetry groups, those with greater left 
frontal asymmetry exhibited significantly 
greater preference for pleasant versus 
unpleasant word-pairs. 

When gender was taken into 
consideration, relationship between left 
frontal asymmetry and positivity index 
remained significant for females, but not 
for males.

Post-hocs? yes

Yes Yes – for 
females only.

Sutton and 
Davidson (1997)

46 undergraduates (23 
males)

na na  Right PANAS rating (DV)
- trait positive affect
- trait negative affect

BIS/BAS  rating (DV)
- trait BIS
- BIS-BAS difference score.

LE 8 min 
EO/EC

(Asymmetry)
Greater left mid-frontal asymmetry was 
associated with higher BAS scores. BIS-
BAS difference scores significantly 
correlated with anterior asymmetry in the 
predicted direction.

No relationship between trait positive 
affect and mid-frontal asymmetry.

Post-hocs? na

No Partial 
 
Yes for BAS 
and no for 
trait positive 
affect.

Tomarken
and Davidson 
(1994)

86 female undergraduates na  na Right Depression(IV-bs)
(scores on BDI)
- high depression
- low depression 

AE 8 min 
EO/EC

Asymmetry
Individuals with high and low depression 
based on BDI scores did not differ in 
anterior asymmetry at mid-frontal or 
lateral frontal locations – analysed  for 

Yes No – BDI

Yes - 
repressor



40

Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Defensiveness (IV – bs)
(Scores on the Marlow Crowe social 
desirability scale - MCSD). 

averaged ears ref only. Also, scores on the 
BDI were not correlated with left frontal 
asymmetry (though non-significant trend 
in predicted direction at lateral-frontal 
sites.).

Higher scores on MCSD (greater 
defensiveness) were correlated with 
greater left asymmetry. Also, when 
undertook hierarchical regression only 
MCSD scores (not STAI-T or BDI scores) 
significantly contributed to variance in 
mid and lateral frontal asymmetry

Post-hocs? Yes

Tomarken et al. 
(1990)

32 female undergraduates na na Right Self-reported affective response to 
emotionally evocative films (IV - bs)
- interest
- happiness
- amusement
- sadness
- anger
- fear
- disgust

Cz 1 min 
EO/EC

(Asymmetry)
Greater right frontal asymmetry predicted 
increased fear ratings. Greater left frontal 
asymmetry predicted greater positive and 
less negative ratings overall.

Post-hocs? na

Yes Yes

Tomarken et al. 
(1992)

88 female undergraduates na na Right PANAS rating (DV)
-trait positive affect
- trait PA-NA difference score

AE 8 min 
EO/EC

Recorded 
on 2 
occasions 
3 weeks 
apart.

(Asymmetry)
Groups separated into left midfrontal 
asymmetry and right midfrontal 
asymmetry. Left midfrontal asymmetry 
group reported more trait positive affect 
than right midfrontal group. 
 
Greater left midfrontal asymmetry was 
associated with with greater trait positive 
and less trait negative affect when 
regressed on PA-NA difference score. 

Post-hocs? - yes

Yes Yes

Tran et al. (2001) 50 undergraduates (26 male) na  na Not 
reported

Cattell’s 16 Personality Factors 
Questionnaire (DV) – 4 secondary factors 
derived:

LE 2 min 
EO/EC

(Hemispheric effects)
Anterior, lateral and mid-frontal 
electrodes locations averaged. No 

No No
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

-extraversion-introversion
-high anxiety-low anxiety
- tough poise-tender mindedness
- independence-subduedness.

relations between left and right frontal 
activity and any of the four secondary 
factors.

Waldstein et al. 
(2000)

30 undergraduates (10 
males)

na na Right Film Valence (IV-ws)
- happiness
- anger

Verbal emotional memory recall (IV-ws)
-positive memory 
- negative memory

Self-reported affect (DV)
- happy
- angry
- anxious
- disgusted
-depressed
- interested
- involved

Physiological measures (DV)
- heart rate
- systolic and diastolic blood pressure 

Cz 10 min 
(E0/EC not 
reported)

EEG also 
recorded 
during films 
and during 
memory 
recall

Asymmetry
Asymmetry based on midfrontal activity. 
Individuals separated into left lateralised 
versus non left lateralised during happy 
film/positive memory recall conditions. 
They found no difference between left 
and non-left lateralised groups in reported 
affect to happy inductions as well as no 
differences on physiological measures.

Hemispheric effects
Change scores from baseline were 
calculated at midfrontal regions for 
averaged across both affect inductions. 
Greater left than right frontal activation 
observed during when happy inductions. 
Greater left frontal activation during 
happy relative to anger inductions. 

No gender effects

Post-hocs? Yes

Yes Partial

Wheeler et al. 
(1993) 

81 female undergraduates na  na  Right Stability of Baseline Asymmetry (IV- bs)
- unstable
- stable

Global Affect  (DV)
- global positive affect
- global negative affect
- global affective bias - dif between global  
positive and global negative affect.

(global affect based on self-reported affect 
to emotionally evocative films)

AE 8 min 
EO/EC

Asymmetry
No relationship between anterior 
asymmetry and global positive affect or 
global affective bias in individuals 
exhibiting unstable baseline asymmetry (n 
= 55).  Left frontal asymmetry 
significantly predicted greater global 
positive affect and greater positive less 
negative affect (positive affective bias) in 
individuals with stable baseline anterior 
asymmetry (n = 26).

Yes Yes – 
for stable 
anterior 
asymmetry 
only

Zinser et al. (1999) 72 smokers (no male/female 
ratio indicated) 

na na Not 
reported

Withdrawal status (IV - bs)
-12 hrs withdrawal from smoking
- continue smoking

Cz 2min EO Asymmetry
Increased LFA at midfrontal locations 
from stress recovery period to cue 

No Yes
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Author/s Sample Co-morbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender
Support for 
AAE model

Epoch (IV - ws)
- stress recovery period
- cue exposure
- smoke cigarette

exposure in withdrawn individuals only.

No baseline asymmetry investigated.

Post-hocs? na

Note.Ref = reference scheme; Med = are part icipants current ly current  medicat ion?; Comorbid = are part icipants have comorbid diagnoses?; Hand = sample handedness. For reference schemes,  LE = linked ears; 
LftE = left  ear; RtE = Right  ear; AE = average ears; AR = average reference; LM = linked mastoids. For IV descript ion, bs = varied between subjects; ws = varied within subjects. For baseline, EO = eyes open; EC = 
eyes closed.
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reported findings are consistent with the AAE model in that substance-dependence was 

associated with either enhanced baseline left frontal asymmetry or state increases in left 

frontal asymmetry in response to addiction-relevant reward cues. The remaining two

studies failed to report any relationship between substance dependence and anterior 

asymmetry. It is notable that these latter two studies were not specifically undertaken to 

address anterior asymmetry in the alpha bandwidth. This is important as they may have 

overlooked effects that would only become apparent with the use of different methods 

of analysis, for instance, regression of substance dependence factors onto an asymmetry 

index. The authors of both studies also overlooked factors which may have significantly 

affected individual patterns of EEG exhibited, most notably co-morbid diagnoses 

(Herning et al., 1995), but also, handedness (Herning et al., 1995; Costa & Bauer, 

1997). Overall, there is some preliminary evidence to support the relationship between 

substance dependence and left frontal asymmetry and state activation. However, future, 

well-controlled studies are required to replicate these findings in groups other than 

nicotine-dependent individuals.

2.4.1.2 Manic episodes. According to the Diagnostic Statistics Manual IV 

(American Psychiatric Association, DSM-IV, 1994) manic (and hypomanic) episodes are 

characterised by extreme elevated, expansive or irritable mood; decreased need for 

sleep; flights of ideas; distractibility; psychomotor agitation or increased approach-

related behaviour; and excessive high-risk sensation seeking behaviour. Individuals 

experiencing one ore more manic episode are diagnosed with bipolar disorder. As well, 

most individuals with bipolar disorder will experience a major depressive episode 

before or after each manic episode (APA, [DSM-IV], 1994). Several  theorists have 

proposed that manic symptoms result from a  dysfunction (specifically hypersensitivity) 

in the approach system (Depue & Iacono, 1989; Gray, 1991). As noted previously, 
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depression has been theoretically linked to hyposensitivity in the approach system and 

hence reduced left frontal activity (Bruder et al., 1997; Debener et al., 2000; Henriques 

& Davidson, 1990). Conversely, individuals experiencing a manic episode would be 

expected to exhibit enhanced left frontal activity as a reflection of approach system 

hypersensitivity.

Only one study has directly investigated anterior asymmetry during a manic 

episode. Koek et al. (1999) compared baseline activity during a manic episode relative 

to a depressed episode or euthymic (not currently depressed, manic or hypomanic) 

episode in the same individuals across different occasions. They did not observe 

significant differences in baseline frontal asymmetry across episodes. Although this 

finding is in conflict with the AAE model, it must be considered in the context of this 

studies significant methodological limitations, including a small sample size (n = 3 and 

n = 4), mixed handedness, mixed gender, current medication and comorbid neurological 

damage. El-Badri et al. (2001) compared activity at baseline in a group of currently 

euthymic individuals with bipolar disorder to a group of controls. They also failed to 

find any significant group differences at frontal locations. However, as individuals in 

this study were not currently experiencing a depressive or manic episode, a distinct 

pattern of anterior asymmetry would not be expected. In contrast, Allen, Iacono, Depue, 

and Arbisi (1993) investigated anterior asymmetry in a small (n = 4) group of women 

with bipolar seasonal affective disorder in remission (euthymic), before and after light 

therapy. Although they failed to observe an effect of treatment on anterior asymmetry, 

they did observe a pattern of right frontal asymmetry in this group when collapsed over 

treatment conditions. Notably, two weeks prior to this the same group of women were 

experiencing seasonal depression, for which this pattern of reduced left relative to right 

frontal activity would be consistent. However, these results must be viewed with caution 
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in the absence of a matched comparison group. 

There is some evidence that gender may have a significant impact on the 

direction of baseline anterior asymmetry among individuals with bipolar disorder. 

Miller et al. (2002) investigated baseline anterior asymmetry in individuals with 

childhood onset depression and a lifetime presence of bipolar spectrum disorder. They 

observed a striking effect of gender on baseline anterior asymmetry, with males 

exhibiting extreme left and females exhibiting right asymmetry at mid-frontal locations. 

Some studies have examined changes in left frontal activation/asymmetry during 

manipulations designed to elicit approach motivation/affect, with the prediction that 

such manipulations would produce a markedly enhanced left frontal 

activation/asymmetry among individuals with bipolar disorder.  Harmon-Jones et al. 

(2008) presented a series of anagrams which varied in difficulty to a group of 

individuals with and without bipolar disorder. EEG was recorded during a 7 sec period 

immediately preceding presentation of each anagram. During this waiting period 

participants were informed of the difficulty (easy, moderate, hard) of the forthcoming 

trial, and the outcome associated with a correct trial response (monetary gain or 

avoidance of monetary loss).  They found that individuals with bipolar disorder 

exhibited enhanced left frontal activation during trials associated with potential 

monetary gain when the forthcoming anagram was difficult. 

Hayden et al. (2008) examined anterior  asymmetry immediately following a 

film manipulation designed to induce approach-related affect. They found that currently 

symptomatic individuals with bipolar disorder (symptomatic included current manic, 

mixed or depressive episode) exhibited enhanced left frontal asymmetry relative to 

controls and currently euthymic individuals with bipolar disorder.  Similar findings have 

been observed in relation to risk for hypomania.  Harmon-Jones et al. (2002) measured 
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the risk for hypomania in a group of male and female undergraduates with the General 

Behaviour Inventory (Depue & Klein, 1988). They then examined anterior asymmetry 

during a resting baseline and immediately following a manipulation designed to elicit 

approach-related anger. They found that greater enhancement in left frontal asymmetry 

immediately following the anger induction was associated with greater risk for 

hypomania (Harmon-Jones et al., 2002). They did not, however, observe a relationship 

between baseline asymmetry and risk for hypomania. The findings of Harmon-Jones et 

al. (2002; 2008) and Hayden et al. (2008) suggest that anterior asymmetry effects 

associated with hyperactivity/sensitivity in the approach system may be most readily 

observed when operationalised as the degree of change in left frontal activation/ 

asymmetry in response to state manipulations designed to elicit approach 

motivation/affect.

In sum, the studies cited have produced mixed findings. Only one study has 

examined anterior asymmetry during a manic episode (Koek et al., 1999). Although 

their findings conflict with AAE model's predictions, they are limited by the use of a 

very small sample size and a failure to control for gender and handedness.  The degree 

to which manic episodes will be associated with an enhancement in baseline left frontal 

activity is thus yet to be determined. Overall, there was a general failure to observe 

enhanced left frontal asymmetry/activity during a resting baseline among currently 

euthymic individuals with bipolar disorder or those at risk for hypomania (Allen et al., 

1993; El Badri et al. 2001;  Harmon-Jones et al., 2002; Hayden et al., 2008; Miller et 

al., 2001). However, interpretation of findings outlined above are limited by factors 

such as small sample sizes (Allen et al. 1993; Koek et al. 1999), absence of matched 

comparison groups (Allen et al., 1993; Iacono et al., 1993), mixed gender ratios ( El-

Badri et al., 2001; Hayden et al., 2008; Koek et al., 1999), short baseline lengths (Allen 
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et al., 1993; El-Badri et al., 2001), and mixed handedness (El-Badri et al., 2001; Koek et 

al., 1999). The striking gender effects observed by Miller et al. (2001) especially stress 

the need to control for gender among future studies.  Finally, although there is yet no 

evidence to suggest that currently euthymic individuals with bipolar disorder (or those 

at risk for hypomania) exhibit enhanced left frontal activity/asymmetry during a resting 

baseline, they do appear to exhibit enhanced left frontal reactivity during manipulations 

designed to elicit approach motivation/affect (Harmon-Jones et al., 2002, 2008; Hayden 

et al., 2008). 

2.4.2 Hyposensitivity in the Approach System: Clinical Manifestations 

2.4.2.1 Depression. Depression is characterised by a marked reduction in 

approach motivation and approach-related affect (Henriques & Davidson, 1990). As 

such, proponents of the AAE model would predict a pattern of reduced baseline left 

frontal activity to accompany depression. In addition, individuals with depression would 

be expected to exhibit less left frontal activation in response to signals of potential 

reward.

Table 2-2 outlines a number of studies which have reported a pattern of reduced 

left frontal EEG activity or reduced left frontal asymmetry in currently depressed (Allen 

et al., 1993; Bruder et al., 1997; Debener et al., 2000; Diego et al. 2001; Henriques & 

Davidson, 1991; Miller et al., 2002) and previously depressed (Henriques & Davidson, 

1990) individuals, as well as those at risk for depression (Jacobs & Snyder, 1996; 

Harmon-Jones et al., 2002). Although this body of research provides strong support for 

the AAE model, a number of these studies have found that the presence and direction of 

this relationship can be significantly altered by factors such as gender (Miller et al. 

2002), comorbid anxiety (Bruder et al. 1997), degree of current symptoms (Miller et al. 

2002) and interaction style (Diego et al. 2001). Miller et al. (2002) reported a pattern of 
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extreme right frontal asymmetry in females with childhood onset depression and a high 

level of current depressive symptoms. In a homologous group of males, the opposite 

pattern, of extreme right frontal asymmetry was observed. Furthermore, when 

individuals with childhood onset depression and a low level of current depressive 

symptoms were considered, both males and females exhibited a pattern of left frontal 

asymmetry which did not differ significantly from that exhibited by non-depressed 

control participants.

Another important factor to consider is the presence of comorbid diagnoses. 

Bruder et al. (1997) only observed a reduced pattern of left frontal asymmetry at 

baseline in depressed individuals diagnosed with a co-morbid anxiety disorder 

(predominantly social phobia) but not those with depression alone. Importantly, some of 

the above studies failed to control for comorbid or trait anxiety in their participants 

(Debener et al., 2000; Henrique & Davidson, 1990, 1991). According to the AAE 

model, anxiety should be associated with enhanced baseline right frontal activity 

(Davidson, 2002; see also section 3.1.1 Hypersensitivity in the Withdrawal System). 

Both depression and anxiety could thus underlie reduced left frontal asymmetry (either 

due to reduced left or enhanced right frontal activity at baseline). Further, depressed 

individuals exhibiting comorbid anxiety should exhibit the most extreme reduction in 

left frontal asymmetry. This has two clear implications. Firstly, it provides some insight 

into why anxious-depressed but not depressed-only individuals exhibited a pattern of 

reduced left frontal asymmetry in the Bruder et al. (1997) study, though the absence of 

findings for the depressed-only group is itself in conflict with the model's predictions. 

Secondly, when considering the high rate of comorbidity between depression and 

anxiety (Murphy et al., 2004), it highlights the need to distinguish the independent 

effects of these factors on measures of anterior asymmetry. 
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In a group of mothers with depression, Diego et al. (2001) found that the 

relationship between frontal asymmetry and depression was moderated by the observed 

interaction style between mother and infant. Those mothers considered to have a 

withdrawn interaction style exhibited a pattern of reduced left frontal asymmetry 

relative to mothers who exhibited an intrusive interaction style. This study did not, 

however, include a non-depressed comparison group, thus it is unknown whether the 

pattern of reduced left frontal asymmetry exhibited by mothers exhibiting a withdrawn 

interaction style was indeed related to depression per se. 

Age of onset also appears to moderate the relationship between depression and 

anterior asymmetry. Shankman, Klein, Tenke, and Bruder (2007) administered a 

gambling task with a reward/non-reward incentive manipulation to a group of 

individuals with major depression and a comparison group of healthy controls. EEG 

was recorded whilst individuals awaited trial outcome. They compared frontal 

asymmetry between the reward and non-reward conditions and found no overall 

difference between controls and individuals with depression. They did, however, find a 

significant effect of age of onset. When comparing activity in the non-reward to the 

reward condition they reported that individuals with an earlier age of onset exhibited 

enhanced right and reduced left frontal activity relative to the controls and those with 

late onset depression. Unfortunately, Shankman et al. (2007) failed to conduct 

appropriate post-hoc analyses, reporting the above findings on the basis of a significant 

three-way interaction.  It is thus unclear whether differences were apparent at both the 

left and right hemisphere and/or between all three groups as indicated. It should also be 

noted that they did not examine group differences during a resting baseline period. 

A number of studies have failed to support the AAE model's predictions in rela-

tion depression. Tomarken and Davidson (1994) compared frontal asymmetry in a group 
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of undergraduate females with extremely high and low scores on the Beck Depression 

Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961). They did not find 

any differences in frontal asymmetry between the two groups. They also failed to find a 

significant correlation between BDI scores and frontal asymmetry, though they did ob-

serve a trend in the predicted direction (p= 0.07). Koek et al. (1999) also did not ob-

serve any difference in frontal asymmetry in the same group of individuals with bipolar 

disorder when compared across depressive and manic or euthymic episodes. Reid, 

Duke, & Allen (1998) found that female undergraduates with scores in the depressed 

range of the BDI (Beck et al., 1961) did not exhibit significantly different resting frontal 

asymmetry than a group of non-depressed matched control females. Importantly, in an-

other study reported in the same paper, they found that clinically depressed females did 

not exhibit significantly different patterns of anterior asymmetry relative to matched 

controls when the entire 8 minute resting baseline was considered. However, they did 

find the predicted pattern when they restricted their analyses to the first 2 minutes of re-

corded EEG data (Reid et al., 1998). They suggested that this finding could reflect state 

approach/withdrawal system activation related to the experimental environment. This is 

consistent with Blackhart, Klein, Donohue, LaRowe, and Joiner (2002) who found that 

self-reported negative mood in response to EEG preparation predicted enhanced right 

frontal asymmetry in males and enhanced left frontal asymmetry in females. This find-

ing highlights the importance of controlling for environmental factors which may elicit 

emotion during baseline asymmetry recording. The findings of Reid et al. (1998) are 

also consistent with Harmon-Jones et al. (2002) who found that state activation in re-

sponse to a manipulation designed to invoke anger was predictive of risk for depression 

when baseline asymmetry was not. The predictive value of resting baseline asymmetry 
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relative to state changes in asymmetry (reactivity) is a critical point which will need to 

be addressed by future studies in this area.

In sum, there is a reasonable body of research to support a relationship between 

depression and reduced left frontal activity/asymmetry. The presence and direction of 

this relationship, however, appears to be critically dependent on a number of factors, 

including, gender (Miller et al. 2002), comorbid anxiety (Bruder et al., 1997), and 

observed interaction style (Diego et al., 2001). Some of the findings reported above 

must also be treated with caution in the absence of appropriate post-hoc analyses 

(Henriques & Davidson, 1990, 1991). For example, Henriques and Davidson (1991) 

reported a  significant interaction involving hemisphere (left versus right) and group 

(depressed versus non-depressed) at frontal location and on the basis of a visual 

inspection of means (as opposed to follow-up tests) concluded that the individuals with 

depression exhibited significantly reduced left frontal activity. Other studies have failed 

to control for the effect of medication (Debener et al., 2000; Henriques & Davidson, 

1991; Miller et al., 2002) and handedness (Bruder et al., 1997; Debener et al., 2000; 

Miller et al., 2002). Such factors may significantly alter frontal activity/asymmetry 

(Cook et al., 2005; Glass, Butler, & Carter, 1984; Hansen et al., 2003); thus hindering 

the ability to discern whether effects observed in these studies are a function of 

depression, medication or handedness ratio. Future studies should attempt to control for 

factors such as handedness and medication and also address the extent to which gender 

and anxiety affect the relationship between left frontal asymmetry/activity and 

depression.

2.4.5 Concluding Remarks: Clinical Manifestations of Hyper-/Hyposensitivity in the 

Approach System.

The AAE model's predictions in relation to psychopathology have drawn 
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substantial empirical interest over the past two decades, particularly with respect to 

depression.  Of the twenty-two studies addressing hyper-/hyposensitivity in the 

approach system, 16 have provided either full or partial support for the AAE model's 

predictions. Overall there is convincing evidence of a relationship between 

hyper-/hyposensitivity of the approach system and left frontal activity/activation. 

In considering those studies which failed to observe a relationship between left 

frontal activity/asymmetry and approach-system hyper-/hyposensitivity, a number of 

methodological issues within this area were raised. One such issue is the lack of 

standardised procedures for measuring EEG in relation to anterior asymmetry. As 

illustrated in Table 2-2, and highlighted above, studies have utilised a variety of 

reference schemes and baseline lengths. As well, some studies claimed that their 

findings derived support for the AAE model but failed to conduct the appropriate post-

hoc analyses required to draw conclusions with statistical confidence (again, see Table 

2-2). As well, two key sources of variance in EEG asymmetry, overlooked by a number 

of the aforementioned studies, are gender and handedness. Finally, a key issue when 

conducting research with clinical populations is the need to control for comorbidity. As 

highlighted by the findings of Bruder et al. (1997), comorbid diagnoses can 

significantly alter the presence and direction of the predicted relationship between 

anterior asymmetry and the diagnosis of interest. In sum, the majority of studies 

conducted to date addressing anterior asymmetry in relation to hyper-/hyposensitivity 

within the approach system have produced findings which are consistent with the AAE 

model's predictions.  At the same time, there is a great deal of variance between studies 

in relation to important methodological factors which may, in part, account for the 

failure of some studies to observe a relationship between left frontal activity/asymmetry 

and hyper-/hyposensitivity in the approach system. 
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2.4.6 Trait Approach System Sensitivity

Hyper-/hyposensitivity in the approach and withdrawal systems can also be 

considered at the level of trait individual differences within non-clinical populations. 

Trait approach system sensitivity relates to an individual's propensity to approach 

reward and experience approach-related affect (Davidson, 1998; 2004). A number of 

personality measures have been developed which purport to index individual differences 

in traits conceptually related to approach system sensitivity such as extraversion, 

sociability and behavioural activation (Depue & Collins, 1999; Eysenck, 1990; 

Pickering & Gray, 1999; Schmidt & Fox, 1994). The following section will review a 

series of studies which have investigated the degree to which trait individual differences 

in approach system sensitivity are related to variance in baseline left frontal 

activity/asymmetry as well as left frontal activation in response to signals of potential 

reward.

2.4.6.1  Extraversion. According to the AAE model, high scores on measures 

such as the extraversion scale of the Eysenck Personality Questionnaire-Revised (EPQ-

R; H.J. Eysenck & Eysenck, 1991) should be associated with enhanced left frontal 

activity at baseline. Furthermore, individuals high on self-reported extraversion (or 

other related measures) should exhibit enhanced left frontal activation to cues of 

potential reward. 

Two studies have investigated the relationship between baseline frontal EEG 

activity and scores on the EPQ-R Extraversion scale (Hagemann et al., 1999; Smith et 

al., 1995). Smith et al. (1995) found no differences in left frontal activity between 

individuals scoring high or low on extraversion, but did report differential effects in 

right frontal activity at baseline between males and females. Here, females high on 

extraversion exhibited greater right frontal activity than females low on extraversion. 
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Conversely, males scoring high on extraversion exhibited less right frontal activity than 

males scoring low on extraversion. Similarly, when collapsed over gender, Hagemann et 

al. (1999) reported no differences in left or right frontal activity during a resting 

baseline between individuals scoring high versus low on extraversion. However, unlike 

Smith et al. (1995), Hagemann et al. (1999) did not observe an interaction between 

extraversion and gender on baseline  right or left frontal activity. 

A key factor which may underlie the differences observed by Smith et al. (1995) 

but not by Hagemann et al. (1999) was pre-screening of participants in the former study 

for extreme scores on the extraversion scale. Hagemann et al. (1999) did not pre-screen 

participants, thus group differences, based solely on median split of extraversion scores, 

would be expected to be less apparent.  In addition, the studies differed on reference 

scheme and length of the baseline period.  Importantly, neither study provide direct 

support for the AAE model's predictions.  Although the finding of Smith et al. (1995) 

are of relevance to the AAE model, the fact that effects were apparent in the right but 

not left frontal region suggests that individual differences in extraversion may be related 

more to withdrawal system sensitivity than approach system sensitivity. This will be 

discussed further below in Section 3.1.4 Trait Withdrawal System Sensitivity.

Two studies have examined the relationship between anterior asymmetry and 

the Extraversion scale of the Neuroticism, Extraversion, and Openness Personality 

Inventory-Revised (NEO-PI-R; Costa & McCrae, 1992). Schmidtke and Heller (2004) 

found no difference in left or right frontal activity between individuals with reporting 

high versus low extraversion. Similarly Fink (2005) reported no relationship between 

scores on extraversion and activity in left or right frontal regions. Importantly, both 

studies included males and females but neither study investigated the interaction 

between gender and extraversion in relation to anterior asymmetry. Finally, Tran, Craig, 
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and McIsaac (2001) investigated the relationship between the extraversion scale of 

Cattell's 16 Personality Factors questionnaire (16 PF; Cattell, Eber, & Tatsuoka, 1986) 

and anterior asymmetry in a group of male and female undergraduates. They did not 

report any relationship between extraversion and left or right frontal activity in this 

group. However, again, they did not address the possible interaction gender and 

extraversion baseline frontal activity.

2.4.6.2 Gray's Behavioural Activation System. Gray and colleagues (Gray, 1987; 

Pickering & Gray, 1999) have proposed a system of control which is conceptually very 

similar to Davidson's (1998; 2004) approach system. The Behavioural Activation 

System (BAS) is conceptualised as mediating behavioural approach responses to 

reward.  Carver and White (1994) developed a self-report measure of the BAS within 

their BIS/BAS scale. Given the clear conceptual overlap between Gray's BAS and 

Davidson's approach system, several groups have investigated the relationship between 

scores on the Carver and White (1994) BAS scale and left frontal activity. In two such 

studies, greater left frontal asymmetry has been associated with higher trait BAS 

(Harmon-Jones & Allen, 1997; Sutton & Davidson, 1997). Coan and Allen (2003) also 

observed greater left frontal asymmetry in individuals with higher trait BAS scores. 

However, when assessing effects associated with each hemisphere separately, they 

found that high trait BAS was associated with lower right frontal activity but unrelated 

to left frontal activity. Contrary to the AAE model's predictions, this implies that the 

relationship between trait BAS and left frontal asymmetry in this study is primarily a 

function of variance in right, not left frontal activity. This finding underscores the 

importance of following up asymmetry effects with hemisphere specific analyses.

In mothers of 3-6 month old infants, Diego et al. (2001) found that high trait 

BAS, based on Carver and White (1994) BAS scores, was associated with greater left 
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frontal asymmetry. More recently, Amodio, Master, Yee, and Taylor (2008) also reported 

a positive relationship between resting baseline left frontal asymmetry and trait Carver 

and White (1994) BAS scores. Hewig et al.(2006) investigated the relationship between 

left and right frontal activity at baseline and Carver and White (1994) BAS scores as 

well as BAS scores derived from a linear combination of the EPQ-R (H.J. Eysenck & 

Eysenck, 1991) Extraversion (E) and Neuroticism (N) scales, such that BAS = 2E + N 

(Gray, 1994). They did not observe a significant relationship between either trait BAS 

measure and left or right frontal activity. They did, however, observe that Carver and 

White (1994) BAS scores were related to higher frontal activity bilaterally (Hewig et 

al., 2006). 

Overall, most of the studies addressing the relationship between the BAS, as 

measured by the Carver and White's (1994) BAS scale, and left frontal asymmetry have 

observed a significant relationship which is consistent with the AAE model's 

predictions. It is worth noting that the studies outlined above employed a variety of 

reference schemes. With the exception of the findings by Hewig et al. (2006), this 

indicates that the relationship between trait BAS and left frontal asymmetry is quite 

robust (Harmon-Jones & Allen, 1997). Finally, the relationship between right frontal 

asymmetry and BAS scores observed by Coan and Allen (2003) also suggests that high 

scores on the Carver and White (1994) BAS scale may result, at least in part, from 

reduced withdrawal system sensitivity. Future studies should be undertaken to directly 

examine this hypothesis.

2.4.6.3 Sociability.  Sociability and shyness are considered independent 

personality traits predictive of approach and withdrawal behaviours in a social context 

(Schmidt & Fox, 1994). Indeed, the independence of these traits, as measured by the 

Cheek and Buss Shyness and Sociability scales (Cheek & Buss, 1981), has been 
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confirmed on both a behavioural and physiological level (Cheek & Buss, 1981; Bruch, 

Gorsky, Collines, & Berger, 1989). Relating this to the AAE model, Schmidt and Fox 

(1994) suggest that sociability may primarily reflect approach system sensitivity and 

shyness, withdrawal system sensitivity. Individuals characterised by high trait 

sociability would thus be expected to exhibit enhanced baseline left frontal activity, as 

well as greater left frontal activation when presented with cues for potential social 

reward. Individuals exhibiting high trait shyness would, conversely, be expected to 

exhibit enhanced baseline right frontal activity as well as greater right frontal activation 

to cues for potential social punishment. Sociability will be considered here first, and 

shyness in section 3.1.4.3 Shyness.

Based on the above predictions, Schmidt and Fox (1994) examined the 

relationship between baseline frontal asymmetry and self reported sociability in 40 

females falling within the top and bottom third of the Cheek and Buss Sociability scale. 

In this group, females reporting high sociability exhibited relative left frontal 

asymmetry whilst those reporting low sociability exhibited relative right frontal 

asymmetry. It is notable that just prior to undertaking baseline EEG recordings, 

participants were informed that they would be required to interact with another student 

within the experimental session. Thus the results obtained above are unlikely to reflect a 

true resting baseline, but instead, an anticipatory period characterised by engagement of 

the approach (and withdrawal) system, whilst individuals consider the potential social 

reward (and punishment) associated with the impending interaction. 

More recently, Schmidt (1999) conducted a replication of this study without the 

social interaction requirement. They once again reported greater left frontal baseline 

asymmetry in females reporting high sociability relative to those reporting low 

sociability. They also found that high shy/low sociable individuals exhibited the greatest 
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relative right frontal asymmetry and low shy/high sociability, the greatest relative left 

frontal asymmetry. Taken together these findings indicate a robust relationship between 

sociability and left frontal asymmetry. Future studies need to address the specific 

hemispheric basis of these asymmetry effects. 

2.4.6.4 Trait Positive Affect.  One of the key elements of Davidson's (1998, 

2004) proposed AAE model, is that anterior asymmetry will mediate the degree to 

which individuals experience (and hence report) approach- and withdrawal-related 

affect; the logic being that most day-to-day situations involve inherent punishment and 

reward (e.g., social engagements involve potential social reward and punishment). 

Relative sensitivity to reward (approach system sensitivity) and punishment (withdrawal 

system sensitivity) will therefore determine the degree to which individuals experience 

approach- and withdrawal-related affect in such settings. For example, greater left 

frontal asymmetry should reflect higher approach system and lower withdrawal system 

sensitivity and consequently more reported approach-related affect and less withdrawal-

related affect generally. To examine this hypothesis, most studies have used the trait 

version of the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & 

Tellegen, 1988) as an index of trait propensity to experience approach-related (positive) 

and withdrawal-related (negative) affect.

Focusing here on the relationship between left frontal activity and trait positive 

affect, a study by  Tomarken et al. (1992) found that individuals exhibiting greater left 

frontal asymmetry reported more positive affect than those exhibiting greater right 

frontal asymmetry. However, a later attempt to replicate these findings was unsuccessful 

(Hagemann et al., 1999) was unsuccessful. Other studies since Tomarken et al. (1992) 

have consistently failed to observe a relationship between trait positive affect and 

anterior asymmetry (Jacobs & Snyder; 1996; Sutton & Davidson, 1997).  In a sample of 
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female undergraduates, Bell and Fox (2003) investigated the relationship between a 

Positive Activation factor derived from the Multidimensional Personality Questionnaire 

(MPQ; Tellegen, 1982) and anterior asymmetry. According to Watson and Tellegen 

(1985), high Positive Activation is characteristic of a person who is alert, joyful and 

enthusiastic. Bell and Fox (2003) found no relationship between left or right frontal 

activity and Positive Activation scores in this group. 

In addition to those studies addressing trait positive affect, some studies have 

investigated the association between anterior asymmetry and self-reported positive 

affect in response to emotionally evocative stimuli such as pictures, films and stories 

and words. Tomarken et al. (1990) found that greater baseline left frontal asymmetry 

predicted greater positive and less negative film ratings. Sutton and Davidson (2000) 

had males and females undertake a word-pair comparison task and investigated the 

relationship between anterior asymmetry and preference for pleasant relative to 

unpleasant word-pairs. They found that greater baseline left frontal asymmetry 

predicted preference for pleasant word pairs in female participants but not male 

participants. Wheeler, Davidson, and Tomarken (1993) found that enhanced right frontal 

asymmetry in a group of females exhibiting stable asymmetry scores across two testing 

sessions predicted greater negative and less positive affect ratings to emotionally 

evocative films. This pattern was not apparent in females exhibiting unstable asymmetry 

scores across sessions (Wheeler et al., 1993). 

Hagemann, Hewig, Seifert, Naumann and Bartussek (2005) conducted a similar 

study to Wheeler et al. (1993), examining the relationship between left frontal activity 

and asymmetry and positive reactivity (degree of reported positive affect) in response to 

emotionally evocative films. They measured asymmetry across more than one (in this 

case four) testing occasions. They found no evidence of a relationship between positive 
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reactivity and left (or right) frontal activity aggregated across the four testing occasions. 

They did, however, report that greater right frontal asymmetry (reduced left frontal 

asymmetry) correlated with higher positive reactivity, a finding in direct conflict with 

predictions of the AAE model. They also found no evidence of a gender effect on the 

relationship between anterior asymmetry/activity and positive reactivity (Hagemann et 

al. 2005). It should be noted that unlike Wheeler et al. (1993), Hagemann et al. (2005) 

didn't examine the stability of asymmetry scores across testing sessions and the degree 

to which this moderated the relationship between anterior asymmetry and affective 

reactivity to films. More recently, Hofmann (2007) wished to examine whether trait 

positive affect (measured with the PANAS) moderated the effects of state positive affect 

on anterior asymmetry. In a female-only sample they measured EEG immediately 

following the presentation of a film designed to elicit positive affect. They did not report 

whether the positive affect induction was successful in inducing left frontal 

activation/asymmetry. They did, however, fail to find any relationship between trait 

positive affect and the change in anterior asymmetry following the film. 

In sum, with the exception of Tomarken et al. (1992), studies employing self-

report measures such as the PANAS or the MPQ have consistently failed to observe a 

relationship between trait positive affect and left frontal activity or asymmetry (Bell & 

Fox, 2003; Hagemann et al., 1998; Jacobs & Snyder; 1996; Sutton & Davidson, 1997). 

A distinguishing feature of the Tomarken et al. (1992) study was the use of a large, 

female only sample. Although Bell and Fox (2003) also restricted their sample to 

females, they included significantly fewer participants. As well, though replicating most 

aspects of Tomarken et al's. (1998) methodology, Hagemann et al. (1998) used a 

smaller, mixed gender sample. In contrast to studies employing self-report trait 

measures, when trait positive affect was operationalised in terms of self-reported 
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reactivity to films, words or pictures, most studies successfully reported the predicted 

relationship with left frontal asymmetry (Sutton & Davidson, 1997;Tomarken et al., 

1992; Wheeler et al., 1993).

A final conceptual issue which deserves consideration at this point is the degree 

to which emotional valence (positive/negative affect) equates to motivational direction 

(approach/withdrawal motivation). The importance of distinguishing between valence 

and motivational direction has been demonstrated by Harmon-Jones and colleagues who 

have consistently reported a relationship between anger (a negatively-valenced, 

affective state/trait associated with approach motivation) and left frontal 

asymmetry/activity (Harmon-Jones & Sigelman, 2001; Harmon-Jones et al., 2002; 

Harmon-Jones, Sigelman, Bohlig, & Harmon-Jones, 2003; Harmon-Jones et al., 2006). 

This series of studies will be discussed further within section  2.5.6 State Approach 

System Activation.

2.4.6.5 Behavioural Measures of Trait Approach System Sensitivity. In addition 

to self-report trait measures, a necessary and salient test of the AAE model is the degree 

to which baseline anterior asymmetry predicts behavioural responses on tasks designed 

to elicit approach and withdrawal motivation. Schutter et al. (2004) measured baseline 

anterior asymmetry in a group of 18 undergraduate students (nine males) who later 

completed the Iowa Gambling Task. The Iowa Gambling Task is argued to model real 

life decision making with respect to uncertainty, rewards and punishments (Bechara et 

al., 1999). The task requires participants to choose between four decks of cards A,B,C 

and D (see Figure 2-3). Decks A and B yield high immediate reward, but higher overall 

punishment, where as decks C and D yield small immediate reward but smaller overall 

punishment. Therefore, although decks A and B yield higher immediate reward, in the 

long-term it is more advantageous to choose from decks C and D.  Those individuals 
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who are sensitive to reward (high trait approach system sensitivity) tend to make 

disadvantageous decisions on this task,  consistently choosing more frequently from the 

decks A and B (van Honk, Hermans, Putman, Montagne, & Schutter, 2002). 

 In accordance with Davidson's (1998) model, Schutter et al., (2004) predicted 

that left frontal asymmetry would be associated with a higher proportion of choices

from the risky decks.  Contrary to these predictions, Schutter et al. (2004) observed a 

distinct positive correlation between  right frontal asymmetry and the number of choices 

from the risky deck. This group's findings thus appear to present evidence in direct

conflict with Davidson's (1998) model of anterior asymmetry. However, there does exist 

an aspect of Schutter et al's.(2004) methodology which could account for the direction 

of this effect.

 Schutter et al. (2004) employed a lateralised reference electrode, placed behind 

the subjects right ear. As noted above in section 2.2 Electroencephalography (EEG) as  

a Measure of Anterior Asymmetry, the recording of activity at a lateralised ear lobe or 

Figure 2-3. The image on the left is an example of the screen viewed by participants 

completing a computer-delivered version of the Iowa Gambling Task. The image on the right 

indicates the loss to gain ratio, number of losses and net loss/gain per deck for decks A to D.
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mastoid reference scheme can bias asymmetry towards one hemisphere (Hagemann et 

al., 2001). This has particular relevance to the Schutter et al. (2004) study, as enhanced 

right frontal alpha (decreased right frontal cortical activity) may be accompanied by 

enhanced alpha detected at the right ear reference. As activity at the right frontal region 

is calculated relative to activity at the reference, there would appear to be little change 

in right frontal alpha between individuals. This would then bias the calculation of an 

asymmetry index towards enhanced left frontal alpha asymmetry – the pattern observed 

by Schutter et al. (2004) (see Hagemann et al., 2001 for a more detailed rationale). 

Clearly this finding should thus be treated with caution until it is replicated with a more 

reliable, bilateral reference scheme. 

More recently, Pizzagalli et al.(2005) employed a source localisation technique 

to identify the underlying neural source of alpha suppression during a 30 minute resting 

baseline period. They then performed correlations between the current density of 

activity at this source and reward and punishment bias on a signal detection task. The 

signal detection task was a verbal recognition task performed under three different 

incentive conditions (reward, neutral and punishment). Reward/punishment bias was 

calculated as the ratio of false alarm rate to hit rate on the task. Individuals with a higher 

reward bias (i.e., greater proportion of false alarms) are seen as more responsive to 

reward. They found significant negative correlations between reward bias and alpha 

activity source localised to left dorsolateral prefrontal cortex and medial orbitofrontal 

cortex. Specifically, a reduced level of baseline alpha activity (indicating a greater 

degree of cortical activity) in these areas was associated with increased reward bias.  

As a measure of sensitivity to reward, individual differences in reward bias 

reported by Pizzagalli et al. (2005) are likely to reflect trait approach system sensitivity. 

These findings thus provide important, albeit preliminary, evidence supporting the 
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assumption that left frontal EEG effects associated with trait approach system 

sensitivity reflect activity within the left dorsolateral prefrontal cortex.  

2.4.7 Concluding Remarks: Trait Approach Sensitivity

Twenty-three studies to date have addressed the relationship between traits 

conceptually linked to approach-system sensitivity and anterior asymmetry during a 

resting baseline. Of these, 12 studies have produced findings that are at least partially 

consistent with the AAE model's predictions. Importantly, the robustness of the 

relationships observed appears to be dependent on the measures employed. The Cheek 

and Buss (1981) Sociability scale and the Carver and White (1994) BAS scale have 

exhibited the most consistent relationships with left frontal asymmetry/activity. In 

contrast, extraversion has largely failed to exhibit a relationship with anterior 

asymmetry. Findings arising from studies examining trait positive affect measures and 

anterior asymmetry have been mixed, with a tendency for greater consistency with the 

AAE model's predictions when trait positive affect was operationalised in terms of 

reactivity to affective stimuli as opposed to self-report trait measures. 

Finally, two studies have investigated the degree to which anterior asymmetry 

measured during a resting baseline is predictive of behavioural measures of reward 

sensitivity. Schutter et al. (2004) reported findings that were in direct conflict with the 

anterior asymmetry model, though as described, the findings should be considered with 

caution due to the use of a lateralised reference scheme. On the other hand, Pizzagalli et 

al. (2005) found support for the AAE model, having observed a positive a relationship 

between reward bias (approach system sensitivity) and left frontal activity during a 

resting baseline. 

To conclude, although variance exists between studies employing the same trait 

measures, such as the Carver and White (1994) BIS/BAS scales, it appears that at least 
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some degree of variance can be attributed to the measures employed within individual 

studies. That is, some measures appear to exhibit a more consistent relationship with 

anterior asymmetry (e.g., BAS measures) than others (e.g., extraversion measures). The 

consistency of this relationship may be related to the relative sensitivity of individual 

measures to approach motivation. For instance, the Carver and White (1994) BAS scale 

are specifically designed to index sensitivity to and the propensity to approach reward. 

In contrast, the EPQ-R Extraversion scale is designed not only to measure propensity to 

to exhibit approach-motivation (especially socially), but also general affiliative nature 

and degree of trait positive affect (Depue & Collins, 1999). Kline (1999) has suggested 

that extraversion is a complex trait construct that only partially reflects sensitivity in the 

approach system thought to be indexed by left frontal activity and so would not be 

expected to exhibit a clear relationship here. It is not surprising then that the two 

measures showing the most consistent relationship with left frontal asymmetry/activity 

were the Cheek and Buss (1981) sociability scale and the Carver and White (1994) BAS 

scale, as both measures were explicitly designed to index trait approach motivation, one 

to social reward and the other to reward more generally.  

Finally, additional sources of variance which are likely to contribute to mixed 

findings between studies include gender, sample size, different reference schemes, 

stability in asymmetry scores across sessions and baseline length (see Table 2-2). 

However, as pointed out, some measures (e.g., BAS, sociability) appeared to maintain a 

robust relationship with anterior asymmetry regardless of variance in these factors. 

Again, the difference between such measures and those that exhibited very little relation 

to anterior asymmetry may lie in the degree to which they each index individual 

differences in approach motivation. This issue is central to anterior asymmetry  research 

and indeed to the rigorous testing still required before the validity of the AAE model 
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can be satisfactorily confirmed.

2.4.8 State Approach System Activation 

Although receiving substantially less empirical focus, the analysis of state-

related changes in anterior asymmetry has provided reasonably consistent support for 

the left frontal activity/asymmetry predictions of the AAE model. In an early attempt to 

address frontal asymmetry during evoked emotional states, Ahern and Schwartz (1985) 

measured EEG at frontal sites whilst participants answered questions designed to elicit 

happiness, excitement, fear, sadness or no emotion (neutral). They reported a main 

effect for affective state, with happiness questions eliciting the greatest left frontal 

asymmetry. Importantly, no post-hoc tests were undertaken and the trend in the data was 

partially inconsistent with their predictions. Specifically, neutral and excited states 

exhibited the same pattern of asymmetry and sadness exhibited a similar pattern of left 

frontal asymmetry to happiness. Although these inconsistencies were not statistically 

investigated, they again highlight the importance of distinguishing between 

motivational direction and valence. 

Several years later, Davidson, Ekman, Saron, Senulis, and Frieman (1990) 

examined EEG at frontal sites in relation to facial signs of disgust and happiness elicited 

to films. They found no differences in left frontal activation between facial expressions 

of disgust and happiness.  Similar to Davidson et al. (1990), Ekman, Davidson, and 

Friesen (1990) compared activity at frontal sites during film induced smiling. They 

distinguished between observer coded spontaneously occurring smiles of enjoyment, 

involving both the mouth and eye muscles, to other smiles involving only the mouth but 

not the eye muscles associated with smiling. They observed greater left frontal activity 

during spontaneous smiling relative to other smiles but not relative to the baseline 

period.
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Waldstein et al.(2000) attempted to invoke happiness and anger by presenting 

films as well as visual and verbal recall of personal experiences. Anger is a complex 

emotion as although it is considered to be negative in valence (hence theoretically 

linked to withdrawal system activation), it can also be associated with approach 

motivation (Harmon-Jones et al., 2002). Waldstein et al. (2000) reported a pattern of left 

frontal asymmetry during tasks designed to elicit happiness, with significantly greater 

left frontal activation during happiness tasks than during anger invoking tasks. No 

pattern of asymmetry was observed during the anger invoking tasks. However, as will 

be highlighted below, the relationship between anger and left frontal asymmetry appears 

to  be dependent on the expectancy of approach-related action (Harmon-Jones et al., 

2002; 2006). Waldstein et al. (2000) did not control for this factor.  Furthermore, even if 

approach-related in individual cases, anger was also evoked in conjunction with other 

self-reported withdrawal-related affective states such as anxiety and disgust (Waldstein 

et al., 2000). This may produce the reported absence of asymmetry due to the 

concurrent activation of approach and withdrawal systems.

Harmon-Jones and colleagues (2002; 2003; 2006; Harmon-Jones & Sigelman, 

2001) have conducted a series of studies addressing the relationship between approach-

related anger and left frontal asymmetry. To measure approach-related anger  Harmon-

Jones and Sigelman (2001) first asked a group of male participants to write an essay on 

an important political/social issue. They then gave them either insulting or neutral 

feedback which they were told was from a student in a concurrent experiment. They 

then measured the degree of aggression that this feedback invoked by employing a hot 

sauce paradigm where participants choose either pleasant or unpleasant beverages for 

the student providing feedback to drink, under the guise of a taste-perception 

experiment (Harmon-Jones & Sigelman, 2001).  Including baseline asymmetry as a 
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covariate, they found that the insulted group exhibited significantly greater left frontal 

asymmetry immediately after the feedback than the neutral feedback group. 

Furthermore, they found that greater left frontal asymmetry predicted greater self-

reported anger and greater aggression following feedback. In a recent extension of this 

work, Peterson, Shackman, and Harmon-Jones (2008) examined the extent to which a 

state manipulation of left frontal activation could predict aggression. They conducted 

the same anger induction as Harmon-Jones et al. (2001). Prior to this they had 

participants undertake left or right hand contractions whilst EEG was measured. They 

found that right hand contractions increased left frontal asymmetry from baseline and 

that greater left frontal asymmetry, and right hand contractions, both predicted enhanced 

aggression in a later task.

Harmon-Jones et al. (2002; 2003) reported similar findings for a different anger 

manipulation. Both studies asked participants to listen to a radio broadcast which stated 

that university tuition fees were going to be significantly increased. Harmon-Jones et al. 

(2002) found that the broadcast significantly increased anger and also caused a 

significant increase in left frontal asymmetry. Harmon-Jones et al. (2002) added an 

additional manipulation whereby half of the group were delivered a broadcast which 

indicated that the tuition fee increase had already been voted on and was definitely 

going to occur (action impossible), where as the other half were told that the tuition fee 

increase had been proposed and that they could sign a petition to protest against it and 

also take petitions for friends to sign (action possible). They found that the action 

possible group exhibited a significant enhancement in left frontal asymmetry following 

the broadcast where as the action impossible group did not. Furthermore, controlling for 

baseline asymmetry and baseline anger, degree of anger reported in response to the 

broadcast was correlated with the degree of left frontal asymmetry elicited immediately 
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after the broadcast in the action possible group (Harmon-Jones et al., 2003). Finally, 

degree of left frontal asymmetry enhancement after the broadcast also predicted whether 

or not participants in the action possible group signed the petition as well as the number 

of petitions they took away with them.

Harmon-Jones et al. (2006) reported very similar findings but with an anger 

manipulation that involved left-frontal asymmetry responses to racist images in non-

prejudiced individuals. They manipulated salience of being prejudiced by asking half of 

participants to complete an attitudes towards blacks questionnaire and also manipulated 

expectancy of approach-related action by asking half this group to write an essay about 

prejudiced attitudes which they were told would be used in research aimed to reduce 

racism (Harmon-Jones et al., 2006). They found that the high salience/high expectancy 

of action group exhibited enhanced left frontal asymmetry to racist images relative to 

positive, negative and neutral images. Looking at each hemisphere separately they 

found that this effect was related to enhanced left frontal activity and reduced right 

frontal activity. In a second study they replicated this finding and also found that a more 

positive attitude towards blacks was associated with greater left frontal asymmetry to 

the racist images (Harmon-Jones et al., 2006). Recently, Harmon-Jones (2007) found 

that trait anger, measured with Buss and Perry (1992) Aggression Questionnaire, 

predicted degree of left frontal activation to the same set of anger inducing pictures. 

Gable and Harmon-Jones (2008) examined frontal asymmetry in response to 

dessert pictures, controlling for liking for dessert and time since eating. Although they 

found no difference overall in asymmetry between the dessert and neutral pictures, they 

found that time since eating and liking for dessert interacted with the effect of picture 

type on asymmetry such that more time since eating and greater liking for dessert 

predicted enhanced left frontal asymmetry in the dessert picture condition.
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In addition to the emotion-induction procedures outlined above, some studies 

have investigated whether state changes in asymmetry/activity occur during approach to 

reward stimuli. Sobotka, Davidson, and Senulis (1992) investigated state changes in 

frontal EEG asymmetry in an anticipatory period prior to performing an action required 

to gain reward (money) or avoid punishment (monetary loss). Trials were based around 

a simple reaction time (RT) task, which required participants to make a button press in 

response to a visual cue with the goal of  exceeding their average RT. Trials could have 

two possible outcomes. On reward trials participants would either gain money if they 

exceeded their average RT or see no change in their money if they did not. Punishment 

trials saw participants either lose money if they did not exceed their RT or no change if 

they did. At the start of each trial participants were presented with an up or down arrow 

indicating whether it was a reward or punishment trial. Individual EEG was recorded 

during a four second delay between the presentation of this warning signal and the 

presentation of the RT cue.

During the four second delay period, Sobotka et al. (1992) reported greater left 

frontal activity on reward compared to punishment trials.  This pattern was apparent in 

both mid-frontal and lateral-frontal locations. It is important to note that these reported 

findings are based solely on a significant hemisphere by trial type (reward/punishment) 

interaction and that the post-hoc tests necessary to draw these conclusions with 

statistical confidence were not conducted/reported.  The strongest effect reported by 

Sobotka et al. (1992) was a positive correlation between left asymmetry at mid-frontal 

regions, and intensity of reported positive affect in response to reward. No such 

relationship between intensity of reported negative affect and right anterior asymmetry 

was reported.  

There are a number of additional issues to be highlighted with this study. Firstly, 
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all individuals exhibited much greater left than right frontal activation. It is possible that 

this is due to the anticipation of a motor response with the right hand. This would 

suggest that asymmetries due to the incentive manipulation were obscured by absolute 

left asymmetry caused by anticipation of a right hand motor response. Secondly, 

Sobotka et al. (1992) only included reward and punishment trials. In the absence of a 

neutral trial type, it is unknown whether asymmetry differences between the two trial 

types were due to reward/punishment or a combination of the two. 

Miller and Tomarken (2001) undertook a replication and extension of Sobotka et 

al. (1992) which addressed some of these issues. They included an additional pair of 

electrodes anterior to the F3-F4 pair (AF3-AF4) in an attempt to record activity from 

the more anterior prefrontal regions. They did not include a lateral frontal electrode pair 

in their electrode set. Miller and Tomarken (2001) also included a neutral trial type as 

well as different sized rewards and punishments as an incentive manipulation. An 

expectancy manipulation (probability of trial success) was also included to examine the 

impact of factors such as task engagement and enjoyment which should increase with 

higher success expectancy. 

In relation to their incentive manipulation, the authors reported a significant 

linear decrease in relative left frontal asymmetry from large reward through to large 

punishment (Miller & Tomarken, 2001). This trend was only seen at the anterior AF3-

AF4 region. Although the trend supported the predictions, no post-hoc or a priori 

comparisons are reported for the neutral versus reward incentive trials. The authors also 

did not separately address changes in each hemisphere in response to the reward 

manipulation. It is thus unclear whether decreased left frontal asymmetry in punishment 

and neutral trial types relative to reward trial types was due to decreased left frontal 

activation or increased right frontal activation. 
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Finally, the authors did not observe an interaction between between incentive 

and response type (left, right, passive). Therefore the asymmetry trends reported for 

these two manipulations were not moderated by motor response type (Miller & 

Tomarken, 2001). Interestingly, regardless of hand response and incentive trial type, like 

Sobotka et al (1992), the authors reported an overall pattern of left frontal asymmetry. 

The authors suggested that this may reflect general tonic levels of asymmetry within the 

group. They also suggested that the task may have been generally pleasurable (hence the 

left frontal asymmetry), and that the punishment manipulation was not aversive enough 

to produce strong changes in the right frontal region.  

In sum, thirteen studies to date have addressed state changes in frontal 

asymmetry/activity during the induction of approach-related affect/motivation. Of these, 

12 have produced findings with consistent, at least partially, with the predictions of the 

AAE model in relation to left frontal activation/asymmetry and state activation in the 

approach system. The studies which produced the most consistent findings and also 

involved the most sophisticated manipulations were those conducted by the Harmon-

Jones group.  The findings are not only consistent with the asymmetry model but also 

highlight a number of issues which need to be considered within future research. Firstly, 

as noted previously, the fact that anger is considered a negatively valenced emotion 

(e.g., included in NA scale of the PANAS; Watson et al., 1988), but is also related to 

approach motivation (e.g., Harmon-Jones et al., 2002; 2006) highlights the need to 

distinguish between valence and motivational direction when testing the AAE model.

Secondly, a key finding from the above studies is the degree to which 

expectancy of approach-related action mediated the relationship between left frontal 

asymmetry and anger induction. This suggests that reported affect conceptually 

associated with approach may not significantly invoke approach system activity unless 
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an approach-action is actually possible/required.  As well, the findings reported above 

regarding individual differences in attitudes towards blacks (Harmon-Jones et al., 2006) 

as well as those reported previously regarding proneness to depression and hypomania 

(Harmon-Jones et al., 2002) suggest that meaningful individual differences can be 

observed in the degree of left frontal activity during approach system activation when 

baseline individual differences are controlled for. Critically, Harmon-Jones et al. (2002) 

found that although baseline individual differences in anterior asymmetry did not 

predict proneness to depression and hypomania, degree of left frontal asymmetry during 

anger provocation, controlling for baseline differences, did significantly predict 

proneness to depression and hypomania.

2.5 Summary: Left frontal activity/asymmetry and the approach system.

As summarised in Table 2-2, a vast number of studies have, over the last three 

decades, examined left frontal asymmetry/activity in relation to trait and state activity in 

the approach system as well as clinical manifestations of approach system 

hyper-/hyposensitivity. Within clinical samples, the left frontal activity/asymmetry AAE 

model predictions have been most commonly addressed and most consistently 

supported in relation to depression. .   

When studies addressing trait individual differences in approach system 

sensitivity among non-clinical samples are considered, only some produce findings that 

are consistent with the AAE model's predictions. Variance between studies appears to 

be, in part, related to the extent to which measures used are sensitive to approach 

motivation. Studies deriving the most consistent support for the model have employed 

measures (i.e., BAS, Sociability) which explicitly display sensitivity to trait approach 

motivation.  Furthermore, effects based on these measures appear to be robust, holding 

up across studies which have employed different baseline lengths and reference 
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schemes. Across all studies reviewed above, the most consistent support for the model 

was found among studies addressing changes in left frontal activity/asymmetry in 

response to manipulations designed to elicit approach system activation.  In particular, 

Harmon-Jones and colleagues have consistently demonstrated a relationship between 

left frontal activity/asymmetry and approach-related anger. Their findings have also 

stressed the need to distinguish between valence and motivational direction when 

testing the AAE model's predictions.  Various methodological and conceptual issues 

have been raised above. However,  most of these apply equally to the studies reviewed 

here, as well as those to be reviewed in Chapter 3. Chapter 3 will thus conclude with a 

general discussion of methodological and conceptual issues encountered throughout the 

review of studies presented in Chapter 2 and 3 and summarised in Tables 2-2 and 3-1. 
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CHAPTER 3

Approach-Withdrawal Motivation and Frontal Brain Asymmetry: Part 2

3.1 The Withdrawal System: State, Trait, and Clinical Manifestations

3.1.1 Hypersensitivity in the Withdrawal System: Clinical Manifestations

In Davidson's (1998, 2002; 2004) AAE model of anterior asymmetry, he 

postulates that tonically elevated levels of right frontal activity reflect hypersensitivity 

in the withdrawal system resulting in a greater propensity to experience withdrawal-

related affect and behaviour. Anxiety disorders are characterised by enhanced 

withdrawal/avoidance behaviour and excessive anxiety and worry either generally or 

directed towards a particular object or situation (DSM-IV, 1994). Thus, according to 

Davidson's (1998, 2002; 2004) model, clinically anxious individuals should exhibit 

elevated right frontal activity during a resting baseline. Numerous studies are addressed 

below which lend varying degrees of support to this assertion. 

3.1.1.1 Specific Phobia and Social Phobia.  Specific phobia is defined by the 

DSM-IV (1994) as a “significant anxiety provoked by exposure to a specific feared 

object or situation, often leading to avoidance behaviour” (p.393). Social phobia is 

distinguished from specific phobia in terms of the focus of the fear, with anxiety and 

avoidance behaviour brought on specifically by exposure to social or performance 

situations. Both forms of phobia involve avoidance of a source of potential threat. As 

such, each of these disorders can be considered a function of hypersensitivity of the 

withdrawal system, and should, according to the AAE model, be associated with 

enhanced baseline right frontal activity. It would also be predicted that individuals with 

these disorders would exhibit enhanced right frontal activation when presented with 

their specific feared object or situation.

Davidson, Marshall, Tomarken, and Henriques (2000) recorded EEG at baseline 
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and during the anticipation of public speaking in a group of social phobics and normal 

controls. They reported a marginally significant group by hemisphere interaction at 

lateral frontal locations when looking at change in activity from baseline to speech 

anticipation. The pattern of means suggested a greater enhancement in right relative to 

left lateral frontal activation from baseline to speech anticipation in social phobics 

relative to controls who appeared to show little difference between left and right frontal 

enhancement. Unfortunately, in the absence of post-hoc tests it is unclear whether this 

pattern of greater right frontal activation in social phobics was statistically significant. 

Also, although the authors did not observe hemispheric differences between the groups 

at baseline, they did not specifically investigate asymmetry at anterior regions 

(Davidson et al., 2000). The authors also found that after averaging activity in lateral 

frontal and anterior temporal regions, the change in anterior asymmetry from baseline 

predicted a significant degree of variance (29.1 percent) in self-reported state anxiety 

during speech anticipation. 

 When taking this latter predictive relationship into account, Davidson et al.'s 

(2000) findings provide partial support for the AAE model.  Two factors, however, 

should be considered when interpreting their failure to elicit strong enhancement in right 

frontal activity with a seemingly salient threat manipulation. Firstly, speech anticipation 

and preparation itself should activate verbal working memory leading to left frontal 

activation during this period (for review see Costafreda et al., 2006). Also, critically, the 

task itself requires approach to, not withdrawal from, a source of threat. Social phobics 

in the Davidson et al. (2000) study are compelled to approach a salient source of threat 

because it also holds inherent reward (overcoming fear of public speaking; approval of 

experimenter and audience). The task employed by Davidson et al. may thus invoke 

concurrent activation of both the approach and withdrawal systems. Consequently, left 
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frontal activation resulting from engagement of verbal working memory and approach 

system activation may have accompanied an enhancement in right frontal activation, 

from baseline to speech anticipation, and resulted in Davidson et al's. difficulty 

producing a strong enhancement in right frontal asymmetry (i.e., relative left to right 

frontal activation). Indeed, both controls and social phobics exhibited enhanced bilateral 

frontal activity from baseline to speech anticipation. Aside from presenting a plausible 

basis for Davidson et al.'s findings, this analysis also stresses the need for careful 

consideration of such factors within future investigations of state withdrawal system 

activation.

Only two other studies to date have investigated the relationship between phobia 

and anterior asymmetry. Merckelbach, Muris, Pool, and De Jong (1998) examined the 

relationship between resting baseline frontal asymmetry and scores on the Spider 

Phobic Questionnaire (Klorman, Weerts, Hastings, Melamed, & Lang, 1974 ) in a group 

of females with spider phobia. They took scores both before and after individuals 

underwent a single session exposure treatment. They found no relationship between 

scores on the Spider Phobic Questionnaire and resting baseline frontal asymmetry. In a 

later study, using a hypnotic imagination paradigm to illicit fear in five individuals with 

specific phobia, Gemignani et al. (2000) also failed to observe differences in left or right 

frontal activation between neutral versus a phobic object imagination.  

In sum three studies to date have examined the relationship between specific 

phobia and right frontal activity/asymmetry, with only one study producing findings 

consistent with the AAE model's predictions. Problems specific to the experimental 

manipulation (Davidson et al., 2000) and sample size (Gemignani et al., 2000) as well 

as a failure to control for handedness and the use of a short baseline length 

(Merckelbach et al., 1998) may account for this. Future studies are clearly warranted in 
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this area. 

3.1.1.2 Obsessive Compulsive Disorder. Obsessive Compulsive Disorder (OCD) 

is characterised by obsession (intrusive thoughts, impulses, images) with an unseen and 

pervasive threat (e.g., contaminants, fear of own impulse to commit violent act) that 

leads to compulsive avoidance behaviour that functions to reduce the distress/anxiety 

caused by the obsession (e.g., hand washing, counting, praying) (DSM-IV, 1994; Gray & 

McNaughton, 2000). According to the AAE model, the obsessions and avoidance 

behaviour exhibited by individuals with OCD may be the result of hypersensitivity in 

the withdrawal system and should thus be associated with a pattern of enhanced right 

frontal activity at baseline. As well, when exposed to the object of their obsession (e.g., 

contaminants), such individuals would be expected to exhibit enhanced right frontal 

activation.

Only one group to date have reported greater baseline right frontal asymmetry 

relative to a non-OCD control group (Kuskowski et al., 1993). Other groups have either 

reported bilateral enhancement of frontal activity (Karadag et al., 2003), no difference 

in frontal activity (McCarthy, Ray, & Foa, 1995), or enhanced left frontal activity (Tot et 

al., 2002) at baseline relative to non-OCD control groups. Although Karadag et al. 

(2003) observed bilateral frontal activity enhancement relative to controls, they did 

observe enhanced right frontal activity in individuals with severe relative to moderate 

OCD symptoms, a finding which in context provides partial support for the AAE model. 

Finally, during symptom provocation in six individuals with OCD, Simpson et al. 

(2000) observed a bilateral increase in activity at frontal sites. Due to the small sample 

size and the lack of a control group, they did not analyse specific asymmetry effects at 

baseline or during symptom provocation. 

To date, support for the predictions of AAE Model in individuals with OCD has 
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been mixed. The inconsistency in findings could be due to a variety of methodological 

factors including the use of different reference schemes and different baseline periods, 

poor control of gender and handedness and small sample sizes (see Table 3-1). As well, 

the presence of comorbid diagnoses such as depression (Karadag et al., 2003) may lead 

to further variance between studies. As yet, studies assessing anterior asymmetry in 

individuals with OCD provide mixed support for the AAE model. However, the small 

number of studies undertaken and the methodological issues associated with these limit 

the conclusions that can be drawn and highlight the need for further investigation in this 

area.

3.1.1.3 Generalised Anxiety Disorder.  Generalised Anxiety Disorder (GAD) is 

characterised by excessive worry and anxiety (DSM-IV, 1994). Such anxiety/worry are 

considered by Davidson (2002) to be the result of hypersensitivity in the withdrawal 

system. Accordingly, individuals with GAD would be expected to exhibit a pattern of 

enhanced right frontal activity at baseline. As well, hypersensitivity in the withdrawal 

system in this population would be expected to manifest as heightened sensitivity to 

cues of threat/punishment and hence greater right frontal activation on presentation of 

said cues. 

Grillon and Buchsbaum (1987) conducted the only study to date to investigate 

anterior asymmetry in individuals with GAD. They found no differences in baseline left 

or right frontal activity between individuals with GAD and their age and sex matched 

controls. Although other groups have since assessed EEG in individuals with GAD, 

none have utilised bilateral frontal measures necessary to assess anterior asymmetry. 

Several methodological weaknesses may have contributed to the lack of group 

differences reported by Grillon and Buchsbaum (1987). Firstly, they did not control for 

comorbid diagnoses. Secondly, a short baseline period (30 seconds) and no control for 
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Ahern and Scwhartz 
(1985)

33 female undergraduates na na Right Affective questions (IV -ws)
- neutral
- sad
- fearful
4 seconds listen, 20 seconds prepare answer

Cz No baseline Asymmetry
Main effect for emotion. Overall enhanced left 
mid-frontal asymmetry across group but lowest 
during the fear condition.

Post-hocs? No

Yes Partial – 

no direct 
test of 
right 
hem or 
of fear 
vs 
neutral.

Amodio et al. (2008) 48 undergraduates na na Not 
reported

Carver and White (1994) BIS scale AE 8 min EO/EC Asymmetry
Right frontal asymmetry at midfrontal sites 
was unrelated to BIS score. Didn't look at 
hemispheric effects. 

Post-hocs? na

No No

Begic et al. (2001) 18 male veterans with PTSD 

29 non-veteran control males

No No Not 
reported

Group (IV - bs) 
- PTSD
- control

LE 10 min EC Hemispheric effects
No differences in groups at mid or lateral 
frontal locations.

Post-hocs? na

Yes No

Bell and Fox (2003) 25 female undergraduates na  na Right MPQ derived Negative Activation factor (IV-
bs)
- high Negative Activation
- Low Negative Activation

(pre-screened from a larger group and selected 
as scores where either one SD above or below 
mean on negative activation)

Cz 1 min EO Hemispheric effects
No difference in right or left frontal activity 
between the high and low Negative Activation 
groups.

Post-hocs? na

Yes No

Blackhart and Kline 
(2005)

91 undergraduates (65 
males(

na  na  Right Defensiveness (IV-bs) EPQ-R  lie scale & 
MCSD 
- high defensive
- low defensive

AE 6 min EO/EC

Baselines 
collected on 
two 

Asymmetry
Defensiveness as measured by the EPQ-lie 
scale and also by the MCSD was related to 
greater  left frontal asymmetry at baseline. This 
pattern was observed during the sad story  and 

Yes Yes

Table 3-1

 Summary of studies investigating the relationship between right frontal activity and the withdrawal system.
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Mood Induction (IV-ws)
- listen to sad story

Rumination/distraction tasks (IV-bs)
- rumination – told to think specific things 
about themselves and their sad mood
- distraction – told to think about irrelevant 
things such as layout of a typical classroom 

occasions

EEG also 
recorded 
during sad 
story/ 
rumination/ 
distraction

rumination/distraction tasks for the MCSD 
defensiveness derived scores only

High defensive males displayed significantly 
greater left frontal asymmetry than high 
defensive females. 

 Post-hocs? na

Coan and Allen 
(2003)

32 undergraduates (10 male) na No  Right Trait BIS
CW BIS  scales (DV)

AE 
LM

8 min EO/EC Hemispheric effects
Averaged mid and lateral frontal sites. 
Reduced right frontal activity was associated 
with higher BAS scores at all three reference 
schemes (so robust). No relationship between 
activity at left or right frontal regions and BIS

Post-hocs? na

Asymmetry
Greater left frontal asymmetry was associated 
with higher BAS at lateral and mid-frontal 
sites with linked mastoids reference only, and 
non-significant trend in same direction with 
average reference. 

No No

Crost et al. (2008) 106 male undergraduates na na Right Personality feedback valence (IV - bs)
-negative 
-positive

Feedback context (IV -bs) 
-private
-public

Trait Anxiety (IV- bs) 
- high anxiety
- low anxiety

LM 8 min EO/EC Asymmetry
No group differences at baseline. However, the 
high anxiety group exhibited enhanced right 
frontal activity when negative feedback about 
their personality was presented in a public 
context (in front of a confederate who they 
thought was another student). 

Didn't address hemispheric effects.

Post-hocs? na

Yes Yes

Davidson et al. 
(1990)

11 female undergraduates na na Right Film Valence (IV-ws)
-positive films
-negative films 

Cz 1min EO/EC

EEG also 
recorded 
during film 

Hemispheric effects
During disgusted facial expressions individuals 
exhibited significantly more right than left 
mid-frontal activity. Relative to baseline, 
disgusted facial expressions were associated 

Yes Yes
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Facial expression (DV)
- happy
- disgust

presentation . with significantly more right mid-frontal 
activity. No difference between between 
baseline activity and happy facial expressions 
was observed.

Post-hocs? Yes

Davidson et al. 
(2000)

18 individuals with Social 
Phobia (8 males)

10 controls (5 males)

na na Right Group (IV - bs)
- social phobia
- control 

experimental phase (IV- ws)
- baseline
- speech anticipation
- speech planning
- speech

AE 4 min EO/EC Hemispheric effects
Change in right and left frontal activity from 
baseline to speech anticipation. Overall 
enhancement in left and right lateral frontal 
activity in both groups. Trend of greater 
enhancement in right than left lateral frontal 
activation in phobics but not controls.

Post-hocs? No

Asymmetry
Hierarchical regression of change in right 
frontal/anterior temporal activation (averaged 
across these regions and across group) 
accounted for 29.1% variance in STAI-S 
scores.

No Partial

Diego et al. (2001) 57 mothers of 3-6 month old 
infants

Not 
reported

No Not 
reported

Mother-infant interaction style (IV – bs)
- depressed
- withdrawn
- intrusive

Cz 3 min 
(EO/EC not 
reported)

Hemispheric effects
Reduced left mid-frontal activity in withdrawn 
vs intrusive mothers. 

Asymmetry
Significantly greater right mid-frontal 
asymmetry withdrawn relative to intrusive 
mothers. Higher BIS scores were correlated 
with greater right midfrontal asymmetry. 
Higher BAS scores were correlated with 
greater left mid-frontal asymmetry. Higher CW 
BIS-BAS difference scores correlated with 
greater right mid-frontal asymmetry (i.e., 
predicted direction). This latter effect was 
primarily due to variance in the left but not the 
right mid-frontal regions.

Yes Yes

Ekman et al. (1990) 31 females na na Right Film Valence (IV-ws)
-positive films
-negative films 

Cz 1min 
EO/EC

EEG also 

Hemispheric effects
Spontaneously occurring  smiles of enjoyment 
were associated with enhanced left frontal 
activity relative to other smiles. Other smiles 

Yes Yes
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Facial expression (DV)
- spontaneously occuring smiles of enjoyment
- other smiles

recorded 
during film 
presentation.

were associated with enhanced right frontal 
activity relative to baseline. This is expected as 
other smiles occurred primarily during 
negative films.

Post-hocs? Yes

Fink et al. (2005) 66 (35 males) na na Right NEO Extraversion scale (IV -bs)
- introverted
- extraverted

Nose 4 min EO/EC Hemispheric effects
Activity at mid, lateral and anterior frontal 
locations averaged. No difference between 
introverted and extraverted individuals at 
frontal regions. 

Post-hocs? na

No  No

Grillon and 
Buchsbaum (1987)

19 individuals with 
generalised anxiety disorder 
(GAD) (9 males)

11 controls (6 males)

Not 
reported

No Right Group (IV- bs)
- GAD
- controls

Period (IV-ws)
- rest
- orienting to visual stimulus
- habituation

LE 30 sec 
EC

 Hemispheric effects
No difference in left or right lateral or mid 
frontal activity at baseline between the groups.

Post-hocs? na

No No

Hagemann
et al. (1998)

36 undergraduates (12 male) na na Right PANAS rating (IV - bs)
- high trait negative affect
- low trait negative affect
 
EPQ-R  (IV - bs)
- high neuroticism
- low neuroticism

AE 8 min EO/EC Hemispheric effects
No difference in right frontal activity between 
high and low trait negative affect groups or 
high and low neuroticism groups. 

Post-hocs? Yes

Yes No

Hagemann et al. 
(2005)

61 undergraduates (31 
males)

na  na  Right Affective reactivity (IV-bs) (based on self-
reported affect in response to emotionally 
arousing films).
- positive affective reactivity
- negative affective reactivity

CSD 
AE

12 min  
EO/EC 

Measured 
across 4 
occasions 
separated by 
4 weeks 

Hemispheric effects
No relationship between negative or positive 
reactivity and activity at anterior, mid or lateral 
frontal sites. This was found for both averaged 
ears and CSD reference. 

Post-hocs? Na

Hemispheric Effects

Yes  No
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Greater right anterior frontal asymmetry 
predicted greater positive reactivity. No effect 
for lateral- or mid-frontal regions or for 
negative reactivity or affective arousal

Harmon-Jones and 
Allen. (1997)

37 female undergraduates na  na  Right PANAS- state rating (DV)
- state negative affect

CW  BIS/BAS  rating (DV)
- trait BIS

Social Avoidance and Distress (SAD) scale  
(DV)

Cz 4 min EO/EC Asymmetry
Mid frontal asymmetry unrelated to state 
negative affect. As well, mid-frontal 
asymmetry unrelated to trait BIS or scores on 
SAD.

Post-hocs? na

Yes No

Heller et al. (1997) 40 undergraduates (18 
males)

na na Right  Group (IV - bs)
(Scores on STAI-T)
- High anxious
- Low anxious
(pre-screened from larger group for extreme 
scores) 

Gender (bs)
- male
- female

Narrative valance (IV - ws)
- sad
- fearful

LM 8 min EO/EC Hemispheric effects
No difference between groups at baseline. 
Averaged across narratives, high anxious group 
exhibited less right frontal activity and seemed 
to exhibit more left frontal activity, however, 
based on inspection of means following sig 
interaction.

No gender effect

Post-hocs? No

Yes No

Hewig et al. (2006) 59 undergraduates (29 
males)

na na Right German version of the CW BIS-BAS scale 
(DV)

Gray constructs derived from EPQ-R (DV)
-BIS = N-E
-BAS = 2E + N

AE 
CSD

12 min  
EO/EC 

Measured 
across 4 
occasions 
separated by 
4 weeks 

Hemispheric effects
Activity at mid-and lateral frontal sites 
averaged. No relationship between the CW 
BIS/BAS constructs or the EPQ-R derived 
BIS/BAS constructs. Overall greater right and 
left frontal activity correlated positively with 
BAS scores. 

Post-hocs? Yes

No No

Hofmann et al. 
(2005)

27 male undergraduates na na Right experimental phase (IV - ws)
- baseline
- relaxation
- worry
- speech anticipation

AM 1 min 
EC

Asymmetry
Greater left frontal asymmetry during worry 
phase than during speech anticipation, but no 
different from that during baseline. Left frontal 
asymmetry was correlated with greater self-

Yes No
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Personal Report of Confidence as a Speaker 
Scale (criterion)

reported social anxiety.

Post-hocs? yes

Hofmann et al. 
(2007)

24 female undergraduates na na  Right PANAS - Trait Negative Affect (IV)

Affect induction (IV -ws) – imagine scenes 
from a just-viewed sad or happy film
- negative affect  
(sad)
- positive affect (happy)

AM 30sec pre-
viewing;
30 sec 
imagary. 

Asymmetry
No relationship between frontal 
(midfrontal)asymmetry during imagery 
following  negative (or positive film)and trait 
negative affect. 

Post hocs ? Yes

nb The authors report a positive correlation 
between trait negative affect and the difference 
in asymmetry between positive and negative 
affect inductions  – however, the extent to 
which this reflects enhanced/reduced RFA/LFA 
cannot be deduced.

Yes No

Jacobs and Snyder 
(1996)

36 male undergraduates na na Right PANAS -trait rating (IV - ws) 
- trait negative affect

LE 5 min 
EC

Asymmetry
Divided into left/right mid/lateral frontal 
asymmetry groups. No difference in trait 
negative affect between left and right mid-
frontal groups. Left lateral-frontal group 
reported less negative affect. As well, greater 
left lateral-frontal asymmetry was associated 
with less self-reported negative affect. 

Post-hocs?  Yes

Yes Partial – 

no effect 
for right 
lateral 
frontal 
group. 

Jokic-Begic and 
Begic (2003)

79 male Veterans with PTSD 

37 male veterans without 
PTSD as controls

No No Not 
reported

Group (IV - bs)
- veterans with PTSD
- veterans without PTSD

LE Length not 
mentioned
EC

Analysed 10 
sec artifact 
free

Hemispheric effects
Veterans with PTSD exhibited greater left 
frontal activity at mid and lateral frontal 
locations.

Yes No

Karadag et al. (2003) 29 individuals with OCD (7 
males)

29 controls (7 males)

Yes – co-
morbid 
depression 
in 62.1% 

No Not 
reported

Group (IV - bs)
-OCD
-control
Symptom severity (bs)
- severe
- mild-moderate

LE Length not 
mentioned
EC

Analysed 10 
sec artifact 
free

Hemispheric effects
Increased activity bilaterally at anterior frontal 
(Fp1 &Fp2)

Increased right anterior frontal activity at 
baseline in severe vs mild-moderate 
symptoms. Bilateral increase in activity at mid 

No Partial – 

only for 
sympto
m 
severity.
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

and lateral frontal sites.

Kline et al. (1998) 85 undergraduates (25 
males)

na  na Right Defensiveness (IV-bs)
Scores on the EPQ-Lie scale
- high defensive
- low defensive

LE 2 min
EO/EC

Asymmetry
Greater left asymmetry at lateral and anterior 
frontal regions was associated with greater 
defensiveness in women.  Greater right 
asymmetry and lateral and anterior frontal sites 
was associated with greater defensiveness in 
men.

Hemispheric effects
Low defensive females showed relatively 
greater right than left lateral frontal activity
 where as high defensive females exhibited no 
difference between right and left activity. 

No significant difference between left and right 
lateral frontal activity in high defensive men or 
low defensive males.  No significant 
asymmetry effects for mid frontal sites

Did compare right and left frontal activity 
between groups, only within groups.

Post-hocs? Yes

Yes Partial 

For 
females 
but not 
males.

Kline et al. (2002) 235 undergraduates (94 
males)

na  na Right Defensiveness (IV-bs)
Scores on the EPQ-Lie scale

Experimenter sex (IV-bs)
- same sex
- opposite sex

LE 6 min
EO/EC

Asymmetry
High defensive individuals exhibited greater 
left frontal asymmetry than low defensive 
individuals in the presence of an opposite sex 
experimenter only. 

Gender did not affect direction of this effect.  

Hemispheric effects 
No group differences when right and left 
frontal activity examined separately – this is 
because the group difference detected in 
asymmetry were a function of both reduced 
right and enhanced left frontal activity in high 
defensive individuals, thus only detected when 
considered as difference score. 

Post-hocs? Na

Yes Yes
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Kuskowski et al. 
(1993)

13 individuals with 
obsessive compulsive 
disorder (OCD) (8 females)
10 controls (7 females)

No No Right Group (IV- bs)
- OCD
- control

LE 9 min 
EC

Asymmetry
OCD group exhibited significantly greater 
right frontal asymmetry  at baseline relative to 
controls.
 
Post-hocs? yes

No Yes

Lewis et al. (2007) 49 undergraduates (25 
males) 

na  na  Right Naturalistic Stressor (IV-ws)
-pre exam period
-during exam period

State anxiety (IV continuous) scores on STAI-
S

Trait anxiety (IV continuous)
-Scores on the STAI-T

AR 8 min
EO/EC

Asymmetry
Significant increase in right frontal asymmetry 
from pre-exam to exam period. There was also 
an increase in self-reported anxiety and stress 
between these two periods.

Correlations between trait anxiety and anterior 
asymmetry were not significant.

Post-hocs? yes

Hemispheric effects
Significant increase in right frontal activity 
from pre to post-exam period. Effects were 
limited to F7/F8 (not found at F3/F4).  

No  Yes – 
for state 
but not 
trait 
effects.

Mathersul et al. 
(2008)

208 undergraduates (104 
males).

na  na Both – 
but 
controlle
d for 
handedne
ss 
between 
groups

Grouping 1 (IV-bs) -scores on DAS
-normal 
-anxious
-comorbid (depressed/anxious)

Grouping 2 (IV-bs)
- scores on DASS
-normal
-anxious arousal
-anxious apprehension
-comorbid (anxiety/depressed)

AR 2min 
EC

Asymmetry
For grouping 1-normal group exhibited greater 
left frontal asymmetry compared to both 
anxious and comorbid group. For grouping 2, 
anxious arousal group showed overall right 
lateralised whilst anxious apprehension group 
showed overall left lateralised. 

Post-hocs? no

Hemispheric effects
When grouped in terms high versus low right 
frontal activity,  the two groups showed no 
difference in anxiety. 

Yes Partial
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

Merckelbach et al. 
(1998)

16 females with spider 
phobia

Not 
reported

Not 
reported

Not 
reported

Scores on Spider Spider Phobia Questionnaire 
(SPQ)
pre and post one session exposure therapy. 

LftE 45 sec 
EC

(Taken 
approx 40 
days prior to 
treatment)

Asymmetry
Examined correlations between asymmetry at 
midfrontal locations and scores on  SPQ. No 
relationship found for scores taken either pre- 
and post-treatment. 

Yes No

Miller and Tomarken 
(2001)

60 undergraduates (30 
males)

No  No Right Response hand (IV – bs)
- right response
- left response
- passive response type

Incentive Type (IV – ws)
- large punishment
- small punishment
- large reward
- small reward
- neutral (no incentive)

RT task – must exceed mean RT to receive 
reward/avoid punishment.

Success Expectancy (IV –ws)
- high
- medium 
- low

AE No baseline

EEG 
recorded 
during 
4 sec delay 
between 
indication of 
trial type 
(pun/rew) 
and signal to 
respond.

Hemispheric Effects
Linear trend for incentive type x hemisphere at 
anterior frontal sites only – trend is increasing 
left frontal asymmetry from large punishment 
through to large reward. No gender effect.

Post-hocs? no

Asymmetry
Males showed the greatest left mid-frontal 
asymmetry high success expectancy linear de-
creases in left mid-frontal activation during the 
medium and low expectancy conditions. How-
ever, females showed the greatest relative left 
mid-frontal activation low success expectancy 
condition and linear decreases in left mid-
frontal asymmetry during the other two condi-
tions.

Yes Yes

McCarthy et al. 
(1995)

10 individuals with OCD (4 
male)

10 high anxious controls  (5 
males)

10 low anxious controls (5 
males)

No No Right Group (IV - bs)
(anxiety based on STAI-T score)
- OCD
-high anxious control 
- low anxious control 

LE 5 min 
EO

Hemispheric effects
No significant  group differences  in mid 
frontal activity at baseline.

Post-hocs? na

No No

Pizzagalli et al. 
(2005)

18 community volunteers 
(10 females) 

na na Right Punishment bias on a signal detection task 
(DVs)

LftE 30 min 
E0/EC

Hemispheric effects
No relationship between punishment bias and 
right frontal activity..

Post-hocs?  na

Yes No

Schmidke and Heller 
(2004)

107 undergraduates (52 
males)

na  na Right NEO-PI (DV)
- Neuroticism

LE 8 min
EO/EC

Hemispheric effects
No relationship between any of three 

No No
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

- extraversion
- openness

personality dimensions and activity at left or 
right mid- or lateral frontal locations were 
observed. 

Schmidt (1999) 40 female undergraduates na na  Right Check & Buss Shyness & Sociability Scale  
(IV-bs)
- high shy
- low shy
-high sociable
-low sociable
(subjects screened from larger sample 
according to extreme high/low scores on each 
scale)

Cz 6 min
EO

Asymmetry
High sociable individuals displayed greater left 
mid-frontal asymmetry than low sociable 
individuals. High shy individuals displayed 
greater  right mid-frontal asymmetry than low 
shy individuals. 

Individuals who were high shy/low sociable 
displayed greater right mid-frontal asymmetry 
than those who were low shy/high sociable. 

Post-hocs? Yes

Yes Yes

Schmidt and Fox 
(1994)

40 female undergraduates na  na  Right Check & Buss Shyness & Sociability Scale  
(IV-bs)
- high shy
- low shy
-high sociable
-low sociable

Cz No baseline. 

6 min 
EO
recorded 
whilst 
anticipating 
interaction 
with another 
student.

Asymmetry
 High sociable individuals displayed greater 
left mid-frontal asymmetry than low sociable 
individuals. No effects for shyness and no 
interaction between shyness and sociability.

Post-hocs? Yes

Yes Partial – 
yes for 
sociabili
ty  and 
no for 
shyness. 

Schutter et al. (2004) 18 undergraduates (9 males) na na Right Ratio of good to bad decks on the Iowa 
Gambling Task (DV). - higher bad: good ratio 
should reflect greater reward and reduced 
punishment sensitivity.

RtE 4min EO/EC Asymmetry 
Greater left frontal asymmetry during a resting 
baseline predicted predicted smaller bad:good 
deck ratio of choices – opposite to that 
predicted by the AAE model. 

No No

Smith e al. (1995) 48 undergraduates (24 
males)

na  na  Right EPQ-R (IV-bs)
- extreme extravert
- extreme introvert 
(pre-screened and selected on this basis)

LE 5 min 
 EC

Hemispheric Effects
Extraverted females showed greater right mid 
frontal activity than introverted females. 
Extraverted males showed less right mid-
frontal activity than introverted males. 

Post-hocs? No

Yes Partial – 
effect in 
the 
predicte
d 
direction 
for 
males 
but 
opposite 
for 
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

females.

Sobotka et al. (1992) 15 undergraduates (7males) na  na Right Incentive Type (IV – ws)
- punishment
- reward
RT task – must exceed mean RT to receive 
reward/avoid punishment.

Approach/Avoid motor Response  (IV-ws)
- approach (button press)
- avoid (button release)

Self-reported affect post-reward/punishment.
- positive affect pre/post-reward
- negative affect pre/post-punishment 

LE No baseline.

EEG 
recorded 
during 
4 sec delay 
between 
indication of 
trial type 
(pun/rew) 
and signal to 
respond.

Hemispheric Effects
Significant hemisphere by valence interaction 
at mid- and lateral frontal sites. Inspection of 
means suggests greater right frontal activity on 
punishment vs reward trials and greater left 
frontal activity on reward relative to 
punishment trials. Overall greater left frontal 
activity regardless of incentive type
.
Post-hocs? no

Greater left mid-frontal asymmetry during 
reward trials predicted greater self-reported 
positive affect on receipt of reward.

No Yes  – 

BUT
no post-
hocs for 
hemisph
eric 
effects 
so 
caution.

Sutton and Davidson 
(1997)

46 undergraduates (23 
males)

na na  Right PANAS rating (DV)
- trait negative affect

CW BIS/BAS  rating (DV)
- trait BIS
- CW BIS-BAS difference score.

LE 8 min
EO/EC

(Asymmetry)
Greater right mid-frontal asymmetry was 
correlated with higher BIS scores. BIS-BAS 
differences scores significantly correlated with 
anterior asymmetry in the predicted direction.

No relationship between trait negative affect 
and mid-frontal asymmetry.

Post-hocs? na

No Partial

Yes for 
BIS and 
no for 
trait 
negative 
affect

Sutton and Davidson 
(2000)

81 undergraduates (38 
males)

na na Right Positivity Index (IV - bs
-number of pleasant vs unpleasant word-pairs 
selected in word-pair comparison task.

AE 8 min
EO/EC

Measured on 
two 
occasions 6 
weeks apart.

Asymmetry
Greater left anterior frontal asymmetry was 
correlated with higher positivity index, that is a 
preference for pleasant over unpleasant word-
pairs. Marginally significant trend apparent at 
mid and lateral frontal sites.  As well, when 
groups were split into right and left frontal 
asymmetry groups, those with greater left 
frontal asymmetry exhibited significantly 
greater preference for pleasant versus 
unpleasant word-pairs. 

When gender was taken into consideration, 
relationship between left frontal asymmetry 
and positivity index remained significant for 

Yes Yes – for 
females 
only.
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

females, but not for males.

Post-hocs? yes

Takahashi et al. 
(2005)

20 undergraduates (male to 
female ratio not reported)

na  na  Not 
reported

Japanese version of Cloningers TCI (IV-ws)
- Novelty seeking
- Harm avoidance
- reward dependence
- persistence

Experimental phase (IV-ws)
- baseline (breathing to metronome)
- zen meditation – counting up to 100 and 
breathing in and out each count.

LE 15 min
EC

Hemispheric effects
Increased activity at both left and right mid-
frontal sites. 

Tomarken and 
Davidson (1994)

86 female undergraduates na  na Right Group (IV - bs)
(scores on STAI-T)
- High anxious
- Low anxious

Defensiveness (IV – bs)
(Scores on the Marlow Crowe social 
desirability scale - MCSD).

AE
8 min
EO/EC Asymmetry

High and low anxious groups did not differ on 
asymmetry at mid or lateral frontal locations. 
Higher scores on MCSD (greater 
defensiveness) were correlated with greater left 
asymmetry. Also, when undertook hierarchical 
regression only  MCSD scores (not STAI-T 
scores) significantly contributed to variance in 
mid and lateral frontal asymmetry.

Post-hocs? na

Yes No for 
anxiety

Yes for 
defensiv
eness

Tomarken et al. 
(1990)

32 female undergraduates na na Right Film Valence (IV - ws)
- Neutral
- Positive Negative

Criterion – film ratings
- sadness
- anger
- fear
- disgust

Cz 1 min
EO/EC

Asymmetry
Greater right mid-frontal asymmetry predicted 
increased fear ratings. Greater left mid-frontal 
asymmetry less negative ratings overall.

Post-hocs? Yes

Yes Yes

Tomarken et al. 
(1992)

88 female undergraduates na na Right PANAS rating (IV - ws) 
- trait positive affect
- trait PA-NA difference score

AE 8 min
EO/EC

Measured on 
two 

Asymmetry
Groups separated into left mid-frontal 
asymmetry and right mid-frontal asymmetry. 
No difference between left and right mid-
frontal groups on trait negative affect. Greater 

Yes Partial

No dif 
on trait 
NA - 



92

Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

occasions 3 
weeks apart.

left mid-frontal asymmetry was associated 
with with greater trait positive and less trait 
negative affect when regressed on PA-NA 
difference score. 

Post-hocs? Yes

only for 
PA-NA 
differenc
e score.

Tot et al. (2002) 22 individuals with OCD (5 
males)

22 controls (8 males)

No No Right  Group (IV - bs)
- OCD
- control 

Cz 30 min 
EC

Hemispheric effects
Increased left mid and lateral frontal activity in 
females.

Post-hocs? yes

Yes No

Tran et al. (2001) 50 undergraduates (26 male) na  na Not 
reported

Cattell's 16 Personality Factors 
Questionnaire (DV) – 4 secondary factors 
derived:
-extraversion-introversion
-high anxiety-low anxiety
- tough poise-tender mindedness
- independence-subduedness.

LE 2 min
EO/EC

Hemispheric effects
Anterior,lateral and mid-frontal electrodes 
locations averaged. No relations between left 
and right frontal activity and any of the four 
secondary factors.

Post-hocs? na

No No

Wacker et al. (2008) 93 male undergraduates na na  Right ARES BIS (IV -bs)
- High BIS 
-Low BIS

Imaginary scripts designed to evoke affect  
during imagery (IV-bs)
-Conflict/Inhibition
-Flee/withdrawal
-Control
All compared to a neutral baseline script.

LM 10min 
EC

1min EEG 
recorded 
before and 
after script.  

Asymmetry
Trait - Resting asymmetry did not differ 
between high and low BIS groups. No 
interactions between state changes to imagery 
for FFFS or BIS imagery groups and trait BIS. 

State – the BIS script induced significantly 
change toward right frontal asymmetry relative 
to the FFFS and control script groups .  

Enhanced self-reported withdrawal motivation 
associated with greater left frontal asymmetry 
during imagery. 

Yes Partial

Waldstein et al. 
(2000)

30 undergraduates (10 
males)

na na Right Film Valence (IV-ws)
- happiness
- anger

Verbal emotional memory recall (IV-ws)
-positive memory 
- negative memory

Self-reported affect (DV)
- happy

Cz 10 min 
(EO/EC not 
reported)

EEG also 
recorded 
during films 
and during 
memory 
recall

Asymmetry
Asymmetry based on midfrontal activity. 
Individuals separated into right lateralised 
versus non-right lateralised in anger 
inductions. 

Right lateralised group exhibited higher 
Systolic during the anger film as well as during 
the negative memory recall.   Also showed 
higher diastolic blood pressure during anger 

Yes Partial
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

- angry
- anxious
- disgusted
-depressed
- interested
- involved

Physiological measures (DV)
- heart rate
- systolic and diastolic blood pressure 

film only. No difference in reported negative 
affect. 

Hemispheric effects
Change scores from baseline were calculated 
at midfrontal regions and averaged across both 
affect inductions.  No difference in right 
frontal activation between anger and happy 
film conditions or between positive and 
negative recall task. Also no difference 
between left and right frontal activity for anger 
induction or negative memory recall. 

No gender effects

Post-hocs? Yes

Wheeler et al. 
(1993) 

81 female undergraduates na  na  Right Stability of Baseline Asymmetry (IV- bs)
- unstable
- stable

Global Affect
- global positive affect
- global negative affect
- global affective bias - dif between global  
positive and global negative affect.

(global affect based on self-reported affect to 
emotionally evocative films)

AE 8 min
EO/EC

Asymmetry
No relationship between anterior asymmetry 
and global positive affect or global affective 
bias in individuals exhibiting unstable baseline 
asymmetry (n = 55).  Left frontal asymmetry 
significantly predicted greater global positive 
affect and greater positive less negative affect 
(positive affective bias) in individuals with 
stable baseline anterior asymmetry (n = 26).

Yes Yes – 
for 
stable 
anterior 
asymmet
ry only

Wiedemann et al. 
(1999)

23 individuals with Panic 
Disorder (3 males)

25 controls (6 males)

Some 
comorbid 
anxiety 
disorder 
diagnoses

No Right Group (IV-bs)
- Panic disordered
- controls

Pictures (ws)
- spiders
- mushrooms
- erotic
- emergency

Cz 4 min 
(EO/EC not 
reported)

Hemispheric effects
Individuals with Panic Disorder exhibited 
greater right than left mid frontal activity 
relative to controls who exhibited no apparent 
asymmetry. Emergency pictures caused a 
significant increase in right frontal asymmetry 
in the panic disordered group at midfrontal 
locations.
 
Post-hocs? Yes

Asymmetry
Correlational analyses revealed a significant 

No Yes
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Author Sample Comorbid Med Hand
Non-EEG Independent or Dependent 

Variables Ref Baseline Results Summary

Control 
for 

Gender

Support 
for AAE 
model

correlation between state anxiety scores on the 
SC:L-90-R but only a trend on the STAI-S. 

Note.Ref = reference scheme; Med = are part icipants current ly current  medicat ion?; Comorbid = are part icipants have comorbid diagnoses?; Hand = sample handedness. For reference schemes,  LE = linked ears; 
LftE = left  ear; RtE = Right  ear; AE = average ears; AR = average reference; LM = linked mastoids. For IV descript ion, bs = varied between subjects; ws = varied within subjects. For baseline, EO = eyes open; EC = 
eyes closed.
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variance associated with gender are likely to have significantly reduced the reliability of 

baseline EEG measures. Future studies are needed to further investigate both baseline 

activity in this group as well as state changes in activation in response to cues of 

threat/punishment.

3.1.1.4 Post-Traumatic Stress Disorder.  Exposure to a traumatic event can, in 

some individuals, lead to  the development of Post-Traumatic Stress Disorder (PTSD; 

DSM-IV, 1994). Considered to some extent as as an extreme and enduring conditioned 

fear response (Gray & McNaughton, 2000), individuals diagnosed with PTSD 

experience a variety of distressing symptoms including conditioned fear responses to 

stimuli that remind them of the initial trauma; flashbacks; nightmares; intrusive 

distressing recollections of trauma; and persistent physiological hyper-arousal and 

hypervigilance to threat associated with generally high tonic levels of anxiety (DSM-IV, 

1994). As well, individuals with PTSD attempt to deal with their symptoms through 

avoidance of thoughts, feelings or any external stimuli associated with the trauma. 

Given the nature of symptoms, the pervasive avoidance behaviour and the role 

of fear conditioning in PTSD, it is reasonable to suggest this disorder is, at least in part, 

a function of withdrawal system hypersensitivity. On this basis, the AAE model would 

predict enhanced baseline right frontal activity in individuals diagnosed with PTSD. As 

well, such individuals would be expected to exhibit enhanced right frontal activation 

when exposed to cues associated with the initial trauma. Two studies to date have 

addressed baseline anterior asymmetry in individuals with PTSD. Begic, Hotujac, and 

Jokic-Begic (2001) measured EEG at baseline in a group of male veterans diagnosed 

with PTSD and a group of male non-veterans. They failed to find any differences in left 

or right frontal activity between the two groups. In a later study with a larger sample, 

Jokic-Begic and Begic (2003) reported enhanced left frontal baseline activity in 
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veterans with PTSD. Although neither of the two studies reported above observed 

enhanced right frontal activity/asymmetry among individuals with PTSD, it is important 

to note that both studies failed to control for the handedness of their participants. As 

mentioned previously, handedness can lead to significant inter-individual variance in 

anterior asymmetry. On this basis, it is suggested that future studies of anterior 

asymmetry in individuals with PTSD, controlling for handedness, need to be 

undertaken.

3.1.1.5 Panic Disorder. Panic Disorder involves the recurrent and unexpected 

experience of panic attacks which are characterised by an extreme state of fear or 

discomfort that is typically accompanied by accelerated heart rate, sweating, shortness 

of breath, chest pain and trembling (DSM-IV, 1994). Panic disorder often leads to 

agoraphobia which is the fear or avoidance of places or situations where escape may be 

difficult if they were to experience a panic attack (APA, [DSM-IV], 1994). Given the 

intense fear and anxiety associated with panic disorder, individuals with this diagnosis 

would be expected to exhibit a pattern of enhanced right frontal activity at baseline. As 

well, when exposed to panic-related cues (e.g., emergency room pictures; crowded 

places), they would be expected to exhibit enhanced right frontal activation.

Wiedemann et al.(1999) found that individuals with panic disorder exhibited a 

pattern of right frontal asymmetry at baseline, relative to controls who exhibited no 

apparent anterior asymmetry. Furthermore, when exposed to panic-related emergency 

pictures, individuals with panic disorder exhibited a significant increase in right 

compared to left frontal activity. Unfortunately this is the only study to date that has 

investigated anterior asymmetry in individuals diagnosed with Panic Disorder. 

3.1.2 Hyposensitivity in the Withdrawal System: Clinical Manifestations

3.1.2.1 Psychopathy. Psychopathy is a form of antisocial personality disorder, 
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characterised by a reduced capacity for guilt, remorse or empathy; impulsive, sensation 

seeking behaviour that is goal-directed and often unusually aggressive; and an inability 

for emotional involvement coupled with repeated violation of the rights of others 

(Birbaumer et al., 2005; Pridmore, Chambers, & McArthur, 2005; Soderstrom, 2003). 

Individuals with psychopathy also exhibit poor fear conditioning and have an impaired 

capacity to anticipate punishment or produce physiological responses to the anticipation 

of threat (Birbaumer et al., 2005). These latter characteristics can be considered a 

function of hyposensitivity in Davidson's (1998) withdrawal system, which should be 

accompanied by markedly reduced baseline right frontal activity. 

Although numerous neuroimaging studies have reported abnormalities in frontal 

and limbic regions of individuals with psychopathy (for reviews sees Blair, 2005; 

Dolan, 1994; Lapierre, Braun & Hodgins, 1995), no EEG studies to date have been 

undertaken to assess the relationship between baseline or state changes in anterior 

asymmetry and psychopathy.

3.1.3 Concluding Remarks: Hyposensitivity in the Withdrawal System

Of the 11 studies conducted to date which have addressed hyper/hypo-sensitivity 

in the withdrawal system in relation to anterior asymmetry, only three have produced 

findings which are consistent with the AAE model's predictions. In contending with 

such findings, attention is naturally drawn to the various methodological issues 

discussed above (and at length in Chapter 2) which may have contributed to the 

inconsistency between studies. As illustrated in Table 3-1, studies have utilised a variety 

of reference schemes and baseline lengths. As well, a number of studies failed to control 

for gender, handedness and comorbidity, all of which may contribute to unwanted 

variance in frontal activity/asymmetry measures. In sum, the absence of consistently 

well-controlled studies to date highlight the need for future tests of AAE model's 
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predictions in relation to clinical manifestations of withdrawal system 

hyper-/hyposensitivity are warranted. 

3.1.4 Trait Withdrawal System Sensitivity

 Just as hyper-/hyposensitivity in the withdrawal system is considered an 

aetiological basis for clinical disorders such as GAD, panic disorder or psychopathy, 

trait individual differences in the sensitivity of this system within non-clinical 

populations will affect individual propensity to withdraw from punishment and 

experience withdrawal-related affect (Davidson, 1998; 2004).  Numerous measures 

have been developed to index traits conceptually related to withdrawal system 

sensitivity, for example, trait anxiety, neuroticism, shyness, and behavioural inhibition 

(Spielberger et al., 1983; Carver & White, 1994; H.J. Eysenck & Eysenck, 1985; 

Schmidt & Fox, 1994). Withdrawal system sensitivity can also be investigated within a 

behavioural paradigm by observing  individual differences in the propensity to avoid 

signals of potential punishment (Schutter et al., 2004).

3.1.4.1 Neuroticism. Considered an orthogonal dimension to extraversion, 

neuroticism is described by H.J Eysenck (1967; H.J. Eysenck & Eysenck, 1985) as the 

result of hyperactivity in the limbic system (e.g., amygdala). Individuals high on 

neuroticism are expected to exhibit heightened autonomic arousal, high sensitivity to 

punishment stimuli and a greater propensity to experience anxiety, fear and distress 

(H.J. Eysenck & Eysenck, 1985). For these reasons, neuroticism may be the result of 

high trait withdrawal-system sensitivity (Schmidke & Heller, 2004) and according to the 

AAE model, should be associated with enhanced right frontal activity at baseline. Also, 

when presented with cues for potential punishment, individuals high on neuroticism 

should exhibit enhanced right frontal activation from baseline.

Only two studies to date have examined the relationship between right frontal 
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activity and neuroticism (Hagemann et al., 1999; Schmidke & Heller, 2004). Hagemann 

et al. (1999) administered the EPQ-R neuroticism scale (H.J. Eysenck & Eysenck, 

1991) to their group, where as Schmidke and Heller (2004) measured neuroticism with 

the NEO-PI-R (Costa & McCrae, 1992). Neither study reported a significant 

relationship between trait neuroticism and left or right frontal activity at baseline. 

Importantly, both studies employed longer baseline periods and bilateral reference 

schemes, considered to improve reliability of baseline measures (Hagemann et al., 1998; 

2001). One issue which may underlie the non-significant findings of Schmidke and 

Heller (2004) is a failure by this group to include gender in their analysis. Although 

Hagemann et al. (1999) did not observe a gender effect, their sample included a smaller 

proportion of males (n = 12) relative to previous studies reporting significant differences 

between males and females on trait extraversion (n = 24; Smith et al., 1995) and trait 

positive affect (n = 38; Sutton & Davidson, 2000).

3.1.4.2 Gray's Behavioural Inhibition System. The Behavioural Inhibition 

System (BIS) originally proposed by Gray (1982; 1987) is conceptually similar to the 

withdrawal-system proposed by Davidson (1998; 2004). Gray (1982; 1987) states that 

the BIS is activated by cues for potential punishment, novelty and frustrative non-

reward. Activation of the BIS by such stimuli results in behavioural inhibition, 

increased arousal, enhanced attention to threat cues and enhanced preparation for 

avoidance of punishment (Gray, 1982; 1987). Such output is considered by Davidson 

(1998) to be a function of withdrawal system activation. As well, trait individual 

differences in BIS sensitivity are considered to underlie sensitivity to punishment and 

trait anxiety (Gray, 1982; 1987), both of which are linked by Davidson (1998, 2002 

2004) to trait withdrawal system sensitivity.

Given the conceptual overlap between Davidson's (1998; 2004) withdrawal 
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system and Gray's (1982; 1987) original BIS construct, several research groups have 

tested the hypothesis that high trait BIS sensitivity, as measured by the Carver and 

White (1994) BIS scale (viz., CW-BIS), will be associated with higher right frontal 

asymmetry/activity during a resting baseline baseline. Two studies have reported 

enhanced right frontal asymmetry in relation to higher CW-BIS scores (Sutton & 

Davidson, 1997; Diego et al., 2001). Other studies employing this scale have found no 

relationship with either baseline right frontal activity (Coan & Allen, 2003; Hewig et al., 

2006) or asymmetry (Amodio et al., 2008; Coan & Allen, 2003; Harmon-Jones, & 

Allen, 1997). Hewig et al. (2006) also failed to observe a significant relationship 

between right frontal activity and a BIS scale derived from a linear combination of the 

EPQ-R extraversion (E) and neuroticism (N) scales, such that BIS = N-E (Gray, 1991). 

In a recent study, Wacker, Chavanon, Leue, and Stemmler (2008) employed the BIS 

scale of the Action Regulation Emotion Systems Scales (ARES, Hartig & Moosbrugger, 

2003). The ARES BIS scale was also designed to measure individual differences in 

Gray's (1987) original BIS construct and correlates highly (above .70) with the CW-BIS 

scale (Wacker et al., 2008). They measured resting asymmetry as well as asymmetry 

following imaginary scripts designed to elicit withdrawal motivation or behavioural 

inhibition. They found no differences between individuals scoring high or low on the 

ARES BIS scale at baseline or any interaction between high and low BIS groups and 

asymmetry following the withdrawal or behavioural inhibition manipulations. 

To date seven studies have investigated the relationship between trait BIS and 

right frontal activity/asymmetry. Only two of these reported effects that were consistent 

with the predictions of the AAE model, that is that trait BIS would be positively 

associated with right frontal asymmetry (Sutton & Davidson, 1997; Diego et al., 2001). 

Although all seven studies varied on characteristics such as reference scheme and 
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gender ratio (see Table 3-1), this is unlikely to be the source of inconsistencies as the 

two studies observing significant effects (Sutton & Davidson, 1997; Diego et al., 2001) 

also varied on these factors. One critical conceptual issue is the recent revision to Gray's 

BIS construct (Gray & McNaughton, 2000). In short, this revision has resulted in a clear 

distinction between trait fear and anxiety, with the latter aligned with the BIS and the 

former with a third system, the Flight, Fight, Freeze System (FFFS; Gray & 

McNaughton, 2000). Within this revised model, withdrawal from punishment is 

mediated by the FFFS, where as the BIS is no longer thought to be directly activated by 

punishment cues, but instead by conflict. Critically, BIS output, such as behavioural 

inhibition and vigilance to threat cues, functions to facilitate approach to (not 

withdrawal from) potential threat. Developed on the basis of the former BIS construct, 

the Carver and White (1994) BIS scale is likely to be measuring both trait FFFS and 

BIS sensitivity. The implications of this revision for the AAE model will be explored in 

depth within the forthcoming chapters. 

3.1.4.3 Shyness. Individual differences in trait shyness relate to the propensity to 

exhibit withdrawal behaviours and withdrawal-related affect in social contexts (Schmidt 

& Fox, 1995). Individuals exhibiting high trait shyness would be expected, according to 

the AAE model, to exhibit enhanced right frontal activity during a resting baseline as 

well as enhanced right frontal activity to social cues. Measuring trait shyness with the 

Cheek and Buss Shyness Scale (Cheek & Buss, 1981), Schmidt and Fox (1995) did not 

observe the predicted relationship between trait shyness and enhanced right frontal 

asymmetry in a group of females anticipating a social interaction. However, in a later 

study, where asymmetry was measured during a resting baseline, Schmidt (1999) found 

that females reporting high trait shyness exhibited significantly greater right frontal 

asymmetry than those reporting low trait shyness. 
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The two studies cited above have thus produced mixed findings regarding the 

relationship between right frontal asymmetry and trait shyness. It is curious that 

Schmidt and Fox (1995) failed to observe a significant relationship between right 

frontal asymmetry and trait shyness. As mentioned, individuals high on trait shyness 

should have experienced heightened anxiety (withdrawal system activation) as they 

anticipated interacting with another student. According to the AAE model, this should, 

if anything, enhance the presence of right frontal asymmetry in this group. Future 

studies should be undertaken to examine both baseline anterior asymmetry and change 

from baseline in response to a social threat manipulations such as that employed by 

Schmidt and Fox (1995). Also, future studies should look at both asymmetry and 

specific hemispheric effects.

3.1.4.4 Trait Negative Affect. Davidson (1998; 2004) argues that individual 

differences in withdrawal-system sensitivity will mediate propensity to experience 

withdrawal-related affect. Enhanced right frontal activity at baseline should reflect 

greater withdrawal system sensitivity and hence more reported withdrawal-related 

affect. To test this hypothesis, a number of studies have examined the relationship 

between scores on the trait negative affect scale of the PANAS (Watson et al., 1988) and 

right frontal activity/asymmetry at baseline. 

Two studies to date have reported a relationship between reduced right frontal 

asymmetry and reduced trait negative affect (Tomarken et al., 1992; Jacobs & Snyder et 

al., 1996). In contrast, both Sutton and Davidson (1997) and Hagemann et al. (1999) 

found no relationship between frontal asymmetry and trait negative affect. Recently, 

Bell and Fox (2003) investigated the relationship between a Negative Activation factor 

derived from the MPQ (MPQ; Tellegen, 1982) and anterior asymmetry in a group of 

female undergraduates. According to Watson and Tellegen (1985), high Negative 
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Activation characterises an individual who is generally nervous, distressed, fearful and 

hostile. Bell and Fox (2003) found no relationship between left or right frontal activity 

and Negative Activation scores in this group. 

Other studies have explored the relationship between right frontal asymmetry/ 

activity and affective responses to emotionally evocative films, words and stories, with 

the expectation that greater baseline right frontal activity will lead to more negative 

affect in response to negatively valenced stimuli. In line with the AAE model, Tomarken 

et al. (1990) found that greater right frontal asymmetry at baseline predicted higher fear 

ratings to films. As noted above, Sutton and Davidson (2000) found that greater left 

frontal asymmetry (reduced right relative to left frontal activity) predicted reduced 

preference for unpleasant versus pleasant word-pairs in a word-pair comparison task. 

When gender was taken into consideration, this effect remained significant for females 

but not males. In a large group of females, Wheeler et al. (1993) found that greater left 

frontal asymmetry was correlated with more positive and less negative reported affect in 

response to emotionally evocative films. However, this effect was only apparent in 

females exhibiting stable right frontal asymmetry across two independent testing 

sessions. Recently, Hagemann et al. (2005) failed to replicate the findings of Wheeler et 

al. (1993). However, unlike Wheeler et al. (1993), Hagemann et al. (2005) did not 

consider stability of asymmetry across sessions as a potential moderating factor. 

Hofmann (2007) extended on the above studies by examining the extent to which trait 

negative affect (measured with the PANAS) moderates the effects of state negative 

affect on anterior asymmetry during a film designed to elicit sadness. They also failed to 

observe a significant relationship between anterior asymmetry elicited in response to a 

sad film and trait negative affect. They did not report whether the film produced any 

overall change in anterior asymmetry. 
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In sum, findings regarding the relationship between right frontal 

asymmetry/activity and trait negative affect have been mixed. As factors underlying the 

inconsistency between this set of  studies have already been discussed previously in 

section 2.4.6.4 Trait Positive Affect, they will not be reiterated here. 

3.1.4.5 Trait Anxiety. Individuals characterised by a high level of trait anxiety 

exhibit enhanced withdrawal/avoidance behaviour and enhanced arousal to signals of 

threat/punishment as well as higher levels of worry and general withdrawal-related 

affect (Heller, Nitschke, Ettienne, & Miller, 1997; Davidson, 2002). Six studies to date 

have examined the relationship between trait anxiety and frontal asymmetry. Three 

studies have investigated baseline frontal asymmetry in relation to trait anxiety as 

measured by the STAI-T (Spielberger et al., 1983). None of these three studies found a 

relationship between trait anxiety and anterior asymmetry at baseline (Crost, Pauls & 

Wacker, 2008; Heller et al., 1993; Tomarken & Davidson, 1997). Whilst Crost et al. 

(2008) observed no relationship between frontal asymmetry at baseline and scores on 

the STAI-T, they did observe theory-consistent effects when they looked at frontal 

asymmetry during a manipulation designed to elicit withdrawal motivation. They 

examined frontal asymmetry in a group of male undergraduates scoring within either the 

top or bottom third of a larger group of males having completed the German version of 

the STAI-T (Laux, Glanzmann, Schaffner, & Spielberger, 1981). Participants received 

either positive or negative feedback about their personality within either a private or 

public context. The public context involved receiving the information in the presence of 

a confederate whom the participant was told was another participant with whom they 

would be undertaking a joint task. Crost et al. (2008) found that high trait anxious males 

exhibited enhanced right frontal asymmetry relative to low trait anxious males but only 

after receiving negative feedback in a public context. 
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Lewis, Weekes, and Wang (2008) also recently examined the relationship 

between scores on the STAI-T and change in anterior asymmetry in relation to a 

naturalistic stressor, here a university exam period. They found no relationship between 

trait anxiety and the change in right frontal asymmetry from pre-to post exam period. 

They did not report the relationship between trait anxiety and anterior asymmetry 

during the resting baseline period, only the change from baseline. 

Mathersul, Williams, Hopkinson, and Kemp (2008) distinguished between 

anxious arousal and anxious apprehension based on subscales of the Depression, 

Anxiety and Stress Scales (Lovibond & Lovibond, 1995).  Trait anxious arousal relates 

to the hyper-reactivity and arousal associated with panic, whilst anxious apprehension 

depicts worry and verbal rumination aspects of trait anxiety typified in GAD (Mathersul 

et al., 2008). They predicted that anxious arousal would be associated with enhanced 

right frontal activation whilst anxious apprehension, owing to its emphasis on verbal 

rumination, would be associated with enhanced left frontal asymmetry at baseline. In a 

large sample of undergraduates (n = 208) they found support for both predictions. 

However, when participants were grouped in terms of high and low right frontal activity 

they reported no differences in either anxious arousal or apprehension, thus the extent to 

which their findings reflect individual differences in right frontal activity alone is 

questionable.

Hofmann et al. (2005) employed a similar procedure to Davidson et al. (2000) in 

a group of non-phobic undergraduates. They administered the Personal Report of 

Confidence as a Speaker Scale (PRCSS; Paul, 1966) as a measure of fear of public 

speaking to a group of non-clinical undergraduate males and measured frontal EEG 

during the anticipation of public speaking. In addition, the authors specifically induced a 

state of worry by asking participants to focus on negative self-statements regarding the 
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anticipated speech. Although Hofmann et al. (2005) did not investigate the relationship 

between baseline asymmetry and fear of public speaking, they did find that greater fear 

of public speaking was correlated with enhanced left frontal asymmetry during the 

anticipatory period. A similar pattern of relatively enhanced left frontal asymmetry in 

relation in high trait anxious individuals was observed by Heller et al. (1993) during a 

manipulation which involved listening to emotionally evocative verbal scripts. This 

latter finding should, however, be treated with caution as Heller et al. (1993) based their 

conclusions on a significant two-way interaction and subsequent visual inspection of 

mean differences as opposed to the necessary post-hoc tests.

Although the relationship between left frontal asymmetry and trait anxiety 

observed by both Heller et al. (1993) and Hofmann et al. (2005) conflicts with the AAE 

model's predictions, it is important to consider that both tasks involved verbal 

components. Hofmann et al. (2005) instructed individuals to internally verbalise 

negative self-statements, whilst Heller et al. (1993) presented participants with a series 

of verbal narratives. The verbal nature of both manipulations is likely to have engaged 

left frontal regions and hence obscured group differences associated withdrawal system 

activation (Hofmann et al., 2005). In contrast, Crost et al. (2008) measured activity after 

feedback had been received, thus their manipulation did not involve any explicit verbal 

component.  In addition, they only observed group differences when negative feedback 

was received in a public context. It is plausible that receipt of negative personality 

feedback in the presence of a new individual would elicit withdrawal motivation, 

particularly in trait anxious individuals who are likely to experience enhanced 

sensitivity to social punishment. This manipulation may have presented a more salient 

induction of withdrawal motivation than previous studies and could explain why Croft 

et al. (2008) are the only group to date to observe a significant relationship between trait 
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anxiety and right frontal activity that is in the predicted direction.  Overall, given the 

inconsistency between studies to date, the relationship between right frontal 

activity/asymmetry and trait anxiety requires further attention.

3.1.4.6 Repression and defensiveness – tonically reduced withdrawal system 

activity? The concept of repression has been the source of much controversy and debate 

(Davis & Schwartz, 1987; Erdelyi, 2006). Originally conceived in the late nineteenth 

century by Johann Herbert as simply the inhibition of one idea by another, it is most 

widely associated with Sigmund Freud who viewed repression as a mechanism of 

psychological defence involving the rejection and inhibition/suppression of some 

(distressing/negative) memory to the extent that it is blocked from conscious thought 

(Erdelyi, 2006; Freud, A, 1963, cited in Erdelyi, 2006; Herbart, J.F, 1824-1825, cited in 

Erdelyi, 2006).  Much of the debate in more recent times has centred on operationalising 

repression and to what extent repression can exist and be measured at a trait level 

(Davis & Schwartz, 1987). Current experimental investigations of trait-level repression 

generally follow Weinberger, Schwartz, and Davidson's (1979) operational definition of 

trait repression as low trait anxiety, typically in terms of low scores on either the STAI-

T (Spielberger et al., 1983) or the Taylor Manifest Anxiety Scale (TMAS; Taylor, 1953), 

coupled with high defensiveness, gauged by high scores on measures such as the 

Marlow-Crowne Social Desirability Scale (MCSD; Crowne & Marlow, 1960) or the 

EPQ-R Lie Scale (H.J. Eysenck & Eysenck, 1991). Defensiveness, as indexed by these 

measures, is the tendency to over-report positive, but unlikely, self-attributes whilst 

denying negative, though typical, attributes (Kline & Allen, 2008). According to 

Weinberger et al. (1979), a high degree of repression at a trait level should be reflected 

in low anxiety scores accompanied by high social desirability scores (Weinberger et al., 

1979). Such individuals exhibit less attention to negative/threatening information (e.g., 
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Baumeister & Cairns, 1992), less processing of such information (e.g., Hansen & 

Hansen, 1988) and in turn exhibit poorer recall of negative autobiographical 

information (e.g., Davis & Schwartz, 1987). Considered in relation to the AAE model, 

such individuals would be expected to generally exhibit very little withdrawal system 

activity because of the reduced internal and external attention to/processing of and 

memory for punishing/threatening self-relevant information. For instance, when 

presented with a potentially punishing/threatening situation, their reduced memory for 

previously punishing consequences should result in reduced withdrawal system 

activation. As baseline right frontal activity is thought to reflect heightened withdrawal 

system activity (Davidson, 1998), repressors would be expected to exhibit markedly 

reduced right frontal activity at baseline. Finally, right frontal activation to cues of 

threat/punishment would be expected to be diminished in this group also.

Several groups have investigated the relationship between trait level repression 

and anterior asymmetry. Tomarken and Davidson (1994) found that relative to true high 

anxious and low anxious females (those exhibiting high and low trait anxiety with 

normal social desirability scores), females identified as repressors exhibited enhanced 

left frontal asymmetry (reduced right relative to left frontal activity). The same pattern 

of findings was apparent when true high and low depression groups were compared to 

female repressors (Tomarken & Davidson, 1994). As they did not look at specific 

hemispheric effects it cannot be determined whether this is due to greater left or greater 

right frontal activity or both. However, the general trend is consistent with reduced 

withdrawal relative to approach system activity in this group (Tomarken & Davidson, 

1994). Importantly, on the basis of a hierarchical regression analysis Tomarken and 

Davidson found that only social desirability (MCSD) scores significantly predicted 

variance in anterior asymmetry. Once variance associated with MC scores was removed, 
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neither trait anxiety or depression scores predicted a significant amount of variance in 

frontal asymmetry (Tomarken & Davidson, 1994). This finding, along with a moderate 

negative correlation observed between MCSD scores and trait anxiety measures 

(Millimet & Cohen, 1973; Tomarken & Davidson, 1994), led later anterior asymmetry 

studies to abandon the focus on repression in terms of low trait anxiety and high social 

desirability scores, instead addressing defensiveness alone, either in terms of MCSD or 

EPQ-R Lie Scale Scores (Kline, Allen, & Schwartz, 1998; Kline, Blackhart & Joiner, 

2002; Blackhart & Kline, 2005).  

Kline et al.(1998) measured asymmetry associated with defensiveness as 

measured by the EPQ-R Lie scale (H.J. Eysenck & Eysenck, 1991). Like Tomarken and 

Davidson (1994) they found that higher defensiveness scores in females were 

associated with enhanced left frontal asymmetry (reduced right relative to left frontal 

activity). In contrast, they found no difference in asymmetry between high and low 

defensive males (Kline et al., 1998). The absence of findings for males may have been 

due to the relatively small number of males (n=25) relative to females (n=60) in this 

sample. In a later study, Kline et al. (2002) examined the degree to which asymmetry 

effects associated with defensiveness would be mediated by the presence of an 

experimenter of the opposite sex (assuming a heterosexual orientation). Their rationale 

is based on the propensity of individuals scoring high on defensiveness to, by definition, 

seek social approval (Crowne & Marlow, 1960; Baumeister & Cairns, 1992). In 

combination with a reduced propensity to perceive/process negative social-evaluative 

information, defensiveness should result in greater approach and less withdrawal 

motivation during an opposite sex interaction (Kline et al., 2002). As such, highly 

defensive individuals would be expected to exhibit enhanced left frontal asymmetry 

when resting EEG was recorded in the presence of an opposite sex relative to a same 
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sex experimenter. As predicted, high defensiveness was associated with enhanced left 

frontal asymmetry in the presence of an opposite sex experimenter but not when the 

experimenter was the same sex as the participant. Importantly, group differences were 

not significant when each hemisphere was analysed separately, likely because smaller 

group differences were present at both left and right frontal regions (as mean differences 

would suggest) but were only apparent when considered as a difference score (Kline et 

al., 2002). 

Finally, Blackhart and Kline (2005) examined anterior asymmetry at baseline 

whilst participants listened to a sad story and and also whilst undertaking a rumination 

or distraction task involving either focusing on themselves and the sad story 

(rumination) or on irrelevant information (distraction). They administered both the 

EPQ-R Lie Scale and the MCSD to measure defensiveness. They found that higher 

scores on the EPQ-R Lie Scale and the MCSD (higher defensiveness) predicted greater 

left frontal asymmetry in both males and females during a resting baseline. Scores on 

the MCSD but not the EPQ-R Lie Scale predicted greater left frontal asymmetry during 

the sad story as well as during the distraction and rumination tasks. Again, these effects 

were apparent for both males and females (Blackhart & Kline, 2005). Although the 

general pattern of reduced right relative to left frontal activity is consistent with the 

hypothesis of reduced withdrawal system activity in this group, the relevance of the sad 

story/distraction/rumination manipulation is unclear. As well, because they did not 

analyse/report an increment in left frontal asymmetry during these tasks relative to 

baseline it could be that generally enhanced left frontal asymmetry here merely reflects 

baseline asymmetry independent of the manipulations themselves. Like Kline et al. 

(2002), Blackhart and Kline (2005) did not observe significant effects when the 

hemispheres where analysed separately.
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In sum, the data to date suggest that high defensiveness as defined by high 

scores on the MCSD or EPQ-R Lie Scale is related to reduced right relative to left 

frontal activity during a resting baseline  (Tomarken & Davidson, 1994; Kline et al., 

1998; Blackhart & Kline, 2005) and during a context likely to invoke 

approach/withdrawal motivation (Kline et al., 2002). The findings are robust and 

consistent with the hypothesis that such individuals exhibit reduced withdrawal system 

activity and hence reduced right frontal activity. It is, however, unclear whether 

differences in both left and right frontal regions contribute to the relationship between 

defensiveness and anterior asymmetry given the absence of effects when the 

hemispheres are analysed alone. It is possible that this may reflect the reduction in 

individual variance that results from calculation of an asymmetry score, where reduced 

individual variance enhances the power to detect effects (Coan & Allen, 2004). The 

findings do, however, question the extent to which defensiveness relates to to enhanced 

approach system activity and/or reduced withdrawal system activity. Overall, the 

robustness of the relationship between defensiveness and anterior asymmetry, across 

gender, is striking. However, the need for future research is apparent given the issues 

just raised.  

3.1.4.7 Behavioural measures of trait withdrawal system sensitivity. As 

described in Chapter 2, resting baseline anterior asymmetry has been investigated in 

relation to performance on the Iowa Gambling Task (Schutter et al., 2004). Schutter et 

al. administered the Iowa Gambling Task to a group of undergraduates after taking a 

resting baseline measure of anterior asymmetry. Individuals with heightened withdrawal 

system sensitivity (enhanced right frontal asymmetry) were expected to respond more 

readily to the punishment contingency associated with the high risk decks and to thus 

make a higher number of choices from the less risky, more advantageous deck. van 
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Honk, Schutter, Hermans, & Putman (2003) reported this pattern in individuals with 

higher baseline levels of cortisol, a steroid hormone associated with activity in the 

withdrawal system (van Honk et al., 2003). In contrast to predictions, Schutter et al. 

(2004) found that enhanced right frontal asymmetry during a resting baseline was 

associated with a greater number of selections from the high-risk decks. However, as 

discussed in Chapter 2, this pattern of findings may be confounded by the use of a 

lateralised reference scheme so should be treated with caution.

Also described previously in Chapter 2, Pizzagalli et al. (2005) examined the 

source of alpha suppression during a 30 minute resting baseline period in relation to 

reward and punishment bias. This was tested within a verbal recognition task performed 

under three different incentive conditions (reward, neutral and punishment). Punishment 

bias was calculated as the ratio of false alarm rate to hit rate on the task. Individuals 

with a higher punishment bias (i.e., lower proportion of false alarms) were seen as more 

sensitive to punishment, hence, theoretically higher on withdrawal system sensitivity. 

Unlike their findings for reward bias (see Chapter 2), they observed no relationship 

between punishment bias and baseline right frontal activity.

3.1.5 Concluding Remarks: Trait Withdrawal System Sensitivity

Of the thirty-one studies to date which have examined the relationship between 

trait withdrawal system activity and right frontal asymmetry/activity, 14 have reported 

findings that are at least partially consistent with the AAE model's predictions. With the 

exception of defensiveness, the degree of consistency seems to be less dependent on the 

measures employed than that observed for approach system sensitivity. There is 

currently no evidence to support a relationship between trait neuroticism and baseline 

right frontal activity. Findings regarding the relationship between right frontal activity 

and scores on the Cheek and Buss (1981) shyness and Carver and White (1994) BIS 
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scales have been mixed. The relationship between trait negative affect and right frontal 

activity has received similarly mixed support, though again most support comes from 

studies where trait negative affect has been operationalised in terms of reactivity to 

affective stimuli instead of self-report measures. The findings of Wheeler et al. (1993) 

raise an important question regarding the role of stability in baseline resting asymmetry 

measures in moderating the observed relationship between trait reactivity to negative 

affective stimuli and anterior asymmetry. Though other studies have since employed 

asymmetry measures aggregated across multiple testing sessions (e.g., Hagemann et al., 

2005; Hewig et al., 2006), the role of stability has received no further attention to date. 

In contrast, defensiveness scales measure the propensity to present a positive 

self-image and indirectly identify individuals who have a propensity to 

avoid/ignore/inhibit negative self-relevant information (Weinberger & Davidson, 1994). 

Although it has been presented here in relation to predicted withdrawal system 

activity/sensitivity, an observed strategy in this group is to avoid negative by focusing 

on rewarding/positive aspects of self-relevant information (Weinberger & Davidson, 

1994). This could in turn result in enhanced approach system activity/sensitivity which 

should exaggerate the pattern of enhanced left relative to right frontal activity predicted, 

and indeed consistently observed, in this group. 

In contrast to the findings for BAS, fewer studies have reported a relationship 

between right frontal activity/asymmetry and Carver and White's (1994) BIS scale. 

Similarly, only one study has reported a relationship between right frontal asymmetry 

and trait anxiety as measured by the STAI-T (Crost et al., 2008), whilst mixed findings 

have been reported for the Cheek and Buss (1991) Shyness Scale. Conceptually, all 

three measures should provide a direct and specific index of trait sensitivity in 

Davidson's withdrawal system (Davidson, 2000). One factor mediating the presence of 
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effects could be the examination of individual differences in terms of right frontal state 

reactivity to manipulations designed to elicit withdrawal system activation (e.g., Crost et 

al., 2008). As Harm-Jones et al. (2002; 2006) have observed, reactivity measures may 

be more sensitive to individual differences in withdrawal system sensitivity than resting 

baseline measures. This could underlie the success of Crost et al. (2008) in observing 

effects for the STAI-T where others have not (e.g., Heller et al., 1993; Tomarken & 

Davidson, 1997). Finally, recent revisions to Gray's Reinforcement Sensitivity Theory 

(Gray & McNaughton, 2000) may also explain the lack of success experienced by 

researchers trying to relate trait measures to right frontal activity/asymmetry, especially 

when considered in contrast to the findings for BAS/Sociability. As noted previously, 

the revisions provide a clear distinction between trait fear and anxiety, attributing each 

to separable neural systems. This conflicts with Davidson's model which attributes both 

trait fear and anxiety to the one withdrawal system (Davidson, 2000). The potential 

implications of this revision for anterior asymmetry research will be explored in depth 

within the forthcoming chapters.

3.1.4 State Withdrawal System Activation

 Relative to the studies addressing the AAE model's predictions in relation to 

hyper-/ hyposensitivity in the withdrawal system at a trait and clinical level, the extent 

to which state activation in the withdrawal system is associated with changes in right 

frontal asymmetry/activity has received very little attention to date.

The earliest study was undertaken by Ahern and Schwartz (1985) who measured 

EEG at frontal sites whilst participants answered questions designed to elicit happiness, 

excitement, fear, sadness or no emotion (neutral).  Overall, individuals exhibited a mean 

pattern of left frontal asymmetry, but this was at its least during questions designed to 

elicit fear.  Although the direction of this effect could reflect right frontal activation 
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during fear relative to other conditions, this group did not examine the right hemisphere 

specifically or conduct post-hoc comparisons between the fear and neutral condition, 

thus their findings can only be considered to provide partial support for the AAE model. 

Several years later, Davidson et al. (1990) examined EEG at frontal sites during the 

presentation of films designed to elicit happiness or disgust. They found that activity in 

the right frontal region discriminated between the two film conditions and a baseline 

period. Specifically, right frontal activity was greater during the disgust film relative to 

the  happy film and the baseline period. Ekman et al. (1990) compared activity at frontal 

sites during film induced smiling. They distinguished between observer coded 

spontaneously occurring smiles of enjoyment, involving both the mouth and eye 

muscles, to other smiles involving only the mouth but not the eye muscles associated 

with smiling. They expected that other smiles would be associated with enhanced  right 

frontal activation as they mostly occurred in conjunction with facial signs of negative 

affect during films designed to elicit negative, withdrawal-related affect. Consistent 

with their predictions, they observed an increase in right frontal activity during other 

smiles relative to a baseline period.

Waldstein et al. (2000) examined right frontal activity/asymmetry in relation to 

self-reported negative affect in response to a film designed to induce anger, as well as 

during recall of a negative emotional memory. They grouped individuals according to 

whether or not they exhibited right frontal asymmetry during the two affect inductions. 

They found that those exhibiting right frontal asymmetry also exhibited greater diastolic 

and systolic blood pressure during the anger film and greater systolic blood pressure 

during the negative emotional memory recall condition. No difference in reported 

negative affect was observed.  Furthermore, when they examined effects at the right 

hemisphere within the group as a whole they found no difference in right frontal 
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activation during the anger inducing film relative to a film designed to elicit happiness 

or between the negative relative to a positive emotional memory recall condition. They 

also found no difference between left and right frontal activity during the negative 

emotional memory recall condition.  As well, the extent to which their group 

compositions reflect anger/negative affect induced state changes in asymmetry versus 

trait patterns of asymmetry is unclear. 

Recently, Lewis et al. (2008) examined the extent to which right frontal 

asymmetry would increase in response to a naturalistic stressor. They measured anterior 

asymmetry during two resting baseline periods, one taken early in the semester and one 

during exam period.  As expected, they observed an increase in right frontal asymmetry 

from the pre-exam to the exam period. This was accompanied by an increase in self-

reported trait anxiety and stress. By examining the hemispheres separately they 

confirmed that these effects were due to an increase in lateral right frontal activity.  In 

another recent study, Wacker et al. (2008) used imaginary scripts which described a 

threatening situation where an individual either fled in panic (withdrawal condition) or 

anxiously remained in the threatening situation because they couldn't decide whether to 

approach or flee (behavioural inhibition).  Male participants were randomly assigned to 

either the withdrawal or behavioural inhibition condition. They found that the 

behavioural inhibition condition was associated with enhanced right frontal activation 

relative to the withdrawal condition and a within-subjects neutral script administered to 

all participants. No differences between the control script and the withdrawal condition 

were observed. They also found that greater self-reported panic/withdrawal motivation, 

regardless of the condition, was associated with greater left frontal asymmetry. As 

Davidson (1998;2004) aligns both withdrawal and behavioural inhibition in response to 

threat with withdrawal-system and hence right frontal activation, their findings provide 
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mixed support for the AAE model.

In addition to the emotion-induction procedures outlined above, some studies 

have investigated whether state changes in asymmetry/activity occur during tasks 

involving withdrawal from potential punishment. As described in Chapter 2, Sobotka et 

al. (1992) investigated state changes in frontal EEG asymmetry during an anticipatory 

period prior to performing an action required to gain reward (money) or avoid 

punishment (monetary loss). They reported greater right frontal activity in anticipation 

of punishment relative to reward trials.  However, it should be highlighted that this 

finding was based on a significant trial by hemisphere interaction and the post-hoc 

comparisons necessary to confirm effects at the right frontal region were not 

conducted/reported.  Sobotka et al. also examined the relationship between frontal 

asymmetry in anticipation of reward/punishment and self-reported positive/negative 

affect experienced on receipt of reward/punishment.  In contrast to the robust positive 

correlation observed between left frontal asymmetry and reported positive affect in 

response to reward (see Chapter 2) Sobotka et al. found no relationship between the 

intensity of reported negative affect and right anterior asymmetry.  This result could, 

however, be confounded by demand characteristics associated with reporting negative 

affect in response to monetary loss. It is suggested that individuals would be likely to 

understate their disappointment/frustration in losing money as such a response could be 

considered a socially undesirable characteristic.

Several issues with this study were raised in Chapter 2.  To reiterate, there was 

an overall enhancement in left frontal activity which may have been associated with 

anticipation of a right-hand motor response and could have obscured asymmetry effects. 

Also, critically, Sobotka et al. (1992) did not include a  neutral condition, thus it cannot 

be determined whether effects observed at the right hemisphere were due to enhanced 
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right frontal activation to punishment or reduced right frontal activation to reward. 

These issues were later addressed by Miller and Tomarken (2001) in a replication and 

extension of the Sobotka et al. (1992) study. In addition to including a neutral trial type 

and counterbalancing response hand, they also included an incentive (varying 

magnitude of reward/punishment) and expectancy (varying expected probability of 

success on that particular trial).  As described in chapter 2, the authors reported a 

significant linear decrease in relative left frontal asymmetry (so increase in right frontal 

asymmetry) from large reward through to large punishment (Miller & Tomarken, 2001). 

This trend was only seen at the anterior AF3-AF4 locations. Although the linear trend is 

consistent with predictions of the AAE model,  no post-hoc or a priori comparisons are 

reported for the neutral versus punishment incentive trials. The authors also failed to 

specifically address changes in the right hemisphere. It is thus unclear whether the 

decrease in left frontal asymmetry (increased right frontal asymmetry) on punishment 

and neutral trial types relative to reward trial types was due to decreased left frontal 

activation or increased right frontal activation. 

Miller and Tomarken (2001) also reported no interaction between response hand 

and incentive manipulation indicating that the asymmetry trends reported for the 

incentive manipulation were not moderated by motor response type (Miller & 

Tomarken, 2001).  However, like Sobotka et al. (1992),  Miller and Tomarken (2001) 

also observed an overall enhancement in left frontal asymmetry in their sample.  As 

discussed in Chapter 2, the authors speculate that this may be due to the generally 

pleasurable nature of the task or overall enhanced baseline left frontal asymmetry.  

In sum, of the seven studies examining right frontal activity/asymmetry in 

response to manipulations designed to elicit state withdrawal-related affect/motivation, 

all have produced findings at least partially consistent with the predictions of the AAE 
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model. However, only four of these studies  examined right hemisphere specific effects 

(Davidson et al., 1990; Ekman et al., 1990; Lewis et al., 2008; Waldstein et al., 2000), 

three of those reporting findings consistent with the model's predictions (Davidson et 

al., 1990; Ekman et al., 1990; Lewis et al., 2008). In addition, only three studies 

(Davidson et al., 1990; Sobotka et al., 1992; Miller and Tomarken, 2001) have 

attempted to explicitly elicit withdrawal motivation. Because both Sobotka et al. (1992) 

and Miller and Tomarken (2001) failed to employ appropriate post-hoc procedures, their 

findings can only provide partial support for the AAE model's predictions. Due to the 

small number of studies conducted to date and the various issues associated with these, 

future studies examining the extent to which manipulations designed to elicit 

withdrawal system activation result in enhanced right frontal activity are warranted. 

3.2 Summary: Right Frontal Activity/Asymmetry and the Withdrawal System.

A large number of studies have been conducted which address the relationship 

postulated within the AAE model between right frontal activity/asymmetry and trait, 

state and clinical manifestations of withdrawal system activity. Studies addressing 

clinical manifestations of hyper-/hyposensitivity in the withdrawal system have been 

met with mixed success. However, as outlined in Table 3-1, this group of studies 

employed various baseline lengths and reference schemes and many failed to control for 

handedness and gender. As discussed previously, all of these factors many introduce 

significant variance between individuals and hence reduce the power to observe effects. 

Similarly, just under half of the studies examining the relationship between trait 

withdrawal system activity/sensitivity and right frontal activity/asymmetry produced 

findings that were at least partially consistent with the AAE model's predictions. 

However, unlike findings for the trait approach system sensitivity, variance between 

studies cannot be so easily attributed to the degree to which measures gauge withdrawal 
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motivation. This is most apparent when considering the studies addressing asymmetry 

in relation to the Carver and White (1994) BIS/BAS scales or the Cheek and Buss 

(1981) Shyness and Sociability scales. Whilst such studies observe largely consistent 

support for the relationship between left frontal asymmetry/activity and Sociability or 

BAS scores, few have reported any relationship between Shyness or CW-BIS scores. 

Similarly, although Pizzagalli et al. (2005) observed a significant relationship between 

reward sensitivity and activity in left dorsolateral prefrontal regions during a resting 

baseline, no relationship between punishment sensitivity and activity in right prefrontal 

regions was observed. The findings of Crost et al. (2008) also suggest, like those of 

Harmon-Jones et al. (2002; 2006), that right frontal activity measured during 

manipulations designed to elicit salient withdrawal motivation may provide a more 

sensitive physiological index of individual differences in withdrawal system sensitivity 

than resting baseline measures. Finally, in contrast to studies addressing clinical and 

trait level manifestations of withdrawal system activity/sensitivity, research addressing 

state activation in the withdrawal system has provided reasonably consistent findings 

which are  in line with the AAE model's predictions. However, very few such studies 

have been undertaken and many of these have failed to address the hemispheric 

specificity of effects, thus the extent to which findings reflect reduced approach versus 

increased withdrawal motivation cannot be ascertained. 

Taken together, the findings regarding the trait, state and clinical manifestations 

of withdrawal system sensitivity/activity have been mixed. Various conceptual and 

methodological issues have been raised above which are common to many of the studies 

reviewed here and in the preceding chapter; these will be reviewed now. 

3.3 General Methodological and Conceptual Issues

Over a period of decades, various research groups have tested the predictions of 
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Davidson's AAE Model. The studies reviewed here have addressed a variety of clinical 

disorders theoretically related to hyper-/hypoactivity in the approach/withdrawal 

systems; the degree to which anterior asymmetry predicts trait affect and affective 

responses; the relation between anterior asymmetry and personality and behavioural 

indices of approach and withdrawal; as well as state changes in anterior asymmetry in 

response to emotionally evocative stimuli. The most apparent outcome of this review is 

the pervasive inconsistency between studies.

Numerous methodological and conceptual factors may underlie the stated 

inconsistency between findings to date. These factors will now be highlighted and the 

implications for future research and the AAE model itself will be considered.

3.3.1 General Sources of Individual Variance

Two primary factors which contribute significantly to individual variance in 

anterior asymmetry are gender and handedness. For instance, handedness is known to 

significantly alter individual patterns of alpha asymmetry (Glass, Butler & Carter, 

1984). Similarly, significant gender effects on anterior asymmetry have been identified 

throughout the literature (Blackhart, et a., 2002; Blackhart & Kline, 2005; Glass et al., 

1984; Sutton & Davidson, 1997; Mohr et al., 2005). As illustrated in Tables 2-2 and 3-1 

a large proportion of the studies cited above failed to control for gender and to a lesser 

extent handedness. Future studies need to control for these two factors if they are to 

draw valid conclusions from their findings.

3.3.2 Variance Specific to Clinical Samples

An issue specifically related to the use of clinical samples in this area is the 

presence of comorbid diagnoses. For instance, anxiety and depression are both 

considered to be related to anterior asymmetry, and share a high rate of comorbidity 

(Murphy et al., 2004). They should both also be associated with the same pattern of 
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asymmetry (i.e., greater right relative to left activity), thus without controlling for either 

comorbidity, it is impossible to discern whether asymmetry is due to depression 

(reduced left frontal activity) or anxiety (enhanced right frontal activity).  As illustrated 

in Tables 2-2 and 3-1, a number of studies failed to address this (e.g., Debener et al., 

2000; Henrique and Davidson, 1990, 1991). Some studies also failed to control for the 

effects of current medication use in their samples (e.g.,  Henriques & Davidson, 1990), 

although most studies controlled for this variable.

3.3.3 EEG Methodology and Data analysis

Several factors relating to the use of different EEG recording and analysis 

procedures also require attention. A range of baseline lengths have been employed 

throughout the studies cited above and in Chapter 2. As well, studies often vary with 

regard to the reference scheme they have used to collect/analyse their data. Hagemann 

et al. (1998; 1999) have critically demonstrated that the use of different reference 

schemes and baseline lengths can significantly alter the appearance of the same set of 

data and hence the reported findings. After comparing various combinations of 

commonly employed reference schemes and baseline lengths, they concluded that the 

most reliable and valid methods the 8 min baseline period in combination with a linked 

mastoids reference scheme (Hagemann et al., 1998).

In addition, a misrepresentation of findings, most commonly due to a failure to 

conduct post-hoc analyses, is apparent across a number of studies (see Tables 2-2 and 3-

1). This is of particular concern when statistically unsubstantiated findings are later 

cited in reviews of the area (e.g., Davidson, 1998; 2000; Coan & Allen, 2004). Also, 

few studies statistically address hemispheric specific effects. Although the use of 

anterior asymmetry indices provides an important method of reducing unwanted 

variance and hence increasing the power to detect effects (Coan  & Allen, 2004), these 
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indices do not (as previously explained) provide information regarding the contribution 

of each individual hemisphere. This is something that will need to be addressed in order 

to validly test the distinct functions attributed to each frontal region by the AAE model.

Another issue, not directly addressed within the preceding review, but receiving 

more interest of late (e.g., Crost et al., 2008; Oakes et al., 2004; Pizzagalli et al., 2005) 

is the specificity of effects to lower (8-10Hz) or upper (10-13Hz) alpha bands. 

Typically, studies have collapsed across the lower and upper bands, examining effects 

within an 8-13Hz window, however, there is evidence to suggest that the two bands are 

associated with distinct functions (Klimesch, 1996; 1999) and also vary in the extent to 

which they inversely index cortical activity (Oakes et al., 2004). Results from a 

Principal Components Analysis of EEG activity also found that activity in the lower and 

upper alpha bands loads on two separate and orthogonal components (Mecklinger, 

Kramer & Strayer, 1992). In terms of function, activity in the lower alpha band appears 

to be most directly linked to attention processes, whilst activity in the upper alpha band 

has been associated with memory encoding processes (Klimesch, 1996; 1999). 

If, as the above findings seem to suggest, activity in the 8-13Hz alpha window 

reflects two distinct processes, the question arises as to what extent anterior asymmetry 

effects reflect activity in the lower or the upper alpha band. A combined PET and EEG 

study found that activity within the lower  alpha band exhibits the strongest and most 

extensive negative correlations with cortical activity (Oakes et al., 2004). A fundamental 

premise of anterior asymmetry research is that scalp-recorded alpha as an inverse index 

of cortical activity. As such, these findings suggest that the lower alpha band presents 

the most valid index for the measurement anterior asymmetry effects. Studies that have 

examined both bands separately have found some support for this conjecture (Crost et 

al., 2008), though others have reported effects in the upper alpha band (Pizzagalli et al., 
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2005). If effects are isolated to one band, it may explain some of the null findings 

reported throughout the preceding review. For instance, strong effects (e.g., Harmon-

Jones et al., 2006) might be expected to appear even where activity is aggregated across 

both bands. Alternatively, the presence or absence of effects may relate to the extent to 

which competing processes are occuring in the adjacent band and obscuring the relevant 

signal. Clearly, more research is required to clarify this issue and establish the extent 

effects are isolated to one band or the other. 

Finally, the findings of Harmon-Jones et al. (2002; 2006) suggest that individual 

differences in approach/withdrawal related traits (e.g., proneness to depression and 

hypomania) may be detectable in the reactivity of each system when they are not 

present at baseline.  This group also included variance in baseline asymmetry in their 

analyses as a covariate, which may have enhanced the sensitivity of their EEG measures 

to state changes and individual differences.  Given the robust effects reported by this 

group, future studies should attempt to apply the methodology and design employed in 

their exploration of approach-related anger to other motivationally significant 

traits/states, particularly those related to withdrawal system activity. Furthermore, the 

findings of Wheeler et al. (1993) raise the possibility that clear individual differences 

may only be present at baseline in individuals who exhibit stable asymmetry across 

sessions. Although the fact that individual differences consistent with the model were 

present when asymmetry was stable, it is impractical to limit future studies to 

individuals with stable asymmetry.  In conjunction with the Harmon-Jones et al. (2002; 

2006) findings, these findings suggest that anterior asymmetry during a resting baseline 

may not be the right place to look for individual differences in approach/withdrawal 

system sensitivity. Future studies should, like Harmon-Jones et al. (2002; 2006), employ 

a method that controls for anterior asymmetry during a resting baseline and during 
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approach/withdrawal system activation. 

3.3.4 Conceptual Issues

A number of conceptual issues regarding the measures used to index 

approach/withdrawal system activation must also be addressed. One such factor is the 

tendency for researchers to equate motivational direction (approach-withdrawal) with 

affective valence (positive-negative affect). The importance of distinguishing between 

valence and motivational direction has been demonstrated by Harmon-Jones and 

colleagues, who have consistently reported a positive relationship between anger, a 

negatively valenced affective state/trait associated with approach motivation, and left 

frontal asymmetry (Harmon-Jones & Sigelman, 2001; Harmon-Jones, et al., 2002; 

2003; 2006). 

The tendency to focus on valence is exacerbated by the fact that 

measures/constructs lacking a direct conceptual link with approach and/or withdrawal 

system activity can still correlate with baseline frontal asymmetry. For instance, post-

goal attainment positive affect (e.g., pride, happiness, contentment) has been associated 

with enhanced left frontal baseline activity (e.g., Wheeler et al., 1993). An individual 

exhibiting high approach system sensitivity (enhanced frontal asymmetry/activity) is 

likely to approach (and hence obtain) more reward, thus experiencing a greater 

frequency of post-goal attainment affect. Studies demonstrating a relationship between 

post-goal attainment affect and left frontal asymmetry could thus draw the spurious 

conclusion that the left frontal region is directly involved in the generation of such 

affect. The frequency of such studies is likely to have contributed to the conceptual 

ambiguity regarding the role of anterior asymmetry in affective states, traits and 

disorders. Moreover, few studies have explicitly tested the core premise of the model, 

specifically, that left frontal asymmetry is associated with approach to reward and right 
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frontal asymmetry, withdrawal from punishment.

Another important factor raised by the findings of Harmon-Jones et al. (2002; 

2006) is the role of expectancy of action. They found that the relationship between 

anger and left frontal asymmetry was only observed when individuals were under the 

expectation that they would be able to act on this approach-related affect. Again, future 

studies need to consider the degree to which their design incorporates action 

expectancy. 

Finally, overall, the relationship between left frontal asymmetry and approach 

motivation/affect has received more consistent support than that between right frontal 

asymmetry and withdrawal motivation/affect. This is particularly apparent in relation to 

individual differences in withdrawal/system sensitivity as well as clinical disorders 

conceptually related to hypersensitivity in this system. Importantly, in the revised 

version of his Reinforcement Sensitivity Theory, Gray (2000) presents a functional, 

pharmacological and behavioural distinction between fear and anxiety, and attributes 

each to distinct neurological systems. In contrast, Davidson (1998; 2002; 2004) 

attributes both anxiety and fear to the one, withdrawal system. Also, the anxiety related 

measures/clinical phenomena that have been investigated in relation to right frontal 

asymmetry are, to varying degrees, a function of activity within these two separate, fear 

and anxiety systems (Gray & McNaughton, 2000). If these revisions to Gray's theory 

are applied to the AAE model, they may explain the difficulty researchers have 

encountered in demonstrating a relationship between right frontal activity and 

withdrawal-related motivation/affect to date. This proposal will be developed and 

explored in depth within the forthcoming chapters. 
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3.4 Concluding Remarks: Approach-Withdrawal Motivation and Frontal Brain 

Asymmetry

Given the multiple potential sources of variance between studies, it is not 

surprising that this area has been inundated with inconsistent findings. Future studies 

must attempt to control for as much of this variance as possible. In both clinical and 

non-clinical populations, controlling for gender and handedness is imperative. Standard 

procedures also need to be implemented across studies in relation to reference scheme 

and baseline length. These should adhere to the recommendations outlined by 

Hagemann et al. (1998, 1999). As well, anterior asymmetry has been linked to a broad 

range of affective constructs without an explicit conceptual relation to activity in the 

approach/withdrawal systems. Currently, the AAE model, and Davidson's theoretical 

position, require clarification. Future studies are needed to rigorously test Davidson's 

original position, that anterior asymmetry is a reflection of activity in fundamental 

approach/withdrawal systems, before the AAE model can be validly applied to the study 

of more complex affective phenomena. As well, the failure of studies to observe a 

consistent relationship between right frontal asymmetry and withdrawal-related 

motivation/affect deserves future attention. It may be that this aspect of the AAE model 

is in need of revision, potentially through the application of Gray's revised 

Reinforcement Sensitivity Theory to the study of anterior asymmetry. Gray's model will 

be reviewed in detail within the following chapter.
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CHAPTER 4

Gray's Reinforcement Sensitivity Theory 

In his revised Reinforcement Sensitivity Theory (RST) J.R Gray (Gray & 

McNaughton, 2000) presents a model of personality based on three fundamental 

systems which have evolved to facilitate adaptive responses to potentially rewarding 

and punishing events. Two of these systems, the Behavioural Activation System (BAS) 

and the Fight, Flight, Freeze System (FFFS), govern goal-directed, approach and 

avoidance responses, respectively (Gray & McNaughton, 2000). The third system, the 

Behavioural Inhibition System (BIS), is activated by conflict between two competing 

goals (e.g., approach vs avoidance) and functions to inhibit ongoing goal-directed 

activity and facilitate assessment of options prior to proceeding with the most adaptive 

response choice. 

4.1 Learning Theory Revisited

In order to discuss Gray's RST, it is necessary to first review and clarify some 

fundamental aspects of classical and instrumental conditioning. Learning based on 

reinforcement contingencies generally follows two interlinked processes. Take a simple 

lever press experiment where a mouse is trained to press a lever to obtain food. 

Depending on the hunger of the mouse, the food, a primary reinforcer (Rew+), has a 

certain incentive value.  Through continuous pairings, the lever (Conditioned Stimulus, 

CS) comes to predict the appearance of food and through this process of Pavlovian 

conditioning, takes on the incentive value of the food (CS-Rew+). This constitutes the 

first process of learning. If the presence of the lever alone lead to the appearance of 

food, then the second stage of learning would not be required. However, in this case, the 

mouse is required to respond to the lever (by pressing it) in order to obtain the food. 

Each time the pressing of the lever is followed by the appearance of food, the act of 



129

pressing the lever is itself reinforced. This means that the propensity of the mouse to 

press the lever when it sees it will increase. This second process of learning is 

commonly termed instrumental conditioning. 

Reinforcement sensitivity theory essentially states that individuals who are 

reward sensitive will exhibit greater approach responses to signals of reward and will 

also exhibit better conditioning to reward. For example, a reward sensitive mouse will 

learn faster that the lever (and pressing it) will produce food. They will also be more 

driven to press the lever than a mouse with the same degree of learning but with less 

reward sensitivity. In a similar manner, individuals who are high on punishment 

sensitivity learn to avoid punishment faster and show a stronger avoidance response to 

signals of punishment. 

Finally, BAS and FFFS are described as systems mediating goal-directed 

behaviour. Goals inherently involve information about stimulus and response. For 

instance the goal of a mouse to obtain food, necessarily involves the stimulus to be 

approached/obtained (lever-food), and the response (pressing the lever) to be performed. 

This will be discussed further below in relation to specific functions of BAS/FFFS and 

BIS.

4.2 Development of the Reinforcement Sensitivity Theory of Personality

Gray's RST (1970, 1982) developed as a theoretical departure from the 

extraversion (E) and neuroticism (N) dimensions posed within H.J. Eysenck's (1967; 

H.J. Eysenck & Eysenck, 1985) arousal theory of personality. As noted in Chapter 2, 

H.J.Eysenck argued that extraverts (E+) and introverts (E-) differ with respect to degree 

of baseline arousal levels, deriving from activity of the reticular activating system.  As a 

consequence of higher baseline arousal, it was argued that introverts form conditioned 

responses more readily than extraverts. This was thought to be the case in relation to 
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both classical and instrumental conditioning (Corr, 2004). During the early development 

of his theory, Gray (1970) reviewed conditioning studies undertaken to test this central 

tenet of H.J. Eysenck's arousal model. He observed that introverts did indeed exhibit 

greater conditionability, but only when conditioning was undertaken in a potentially 

aversive context. Gray (1970) thus argued that introverts form stronger aversive 

conditioned responses, not because of a greater conditionability, but because of a greater 

sensitivity to punishment. On these grounds, Gray (1970) proposed that individual 

differences attributed by H.J. Eysenck to introversion would be more suitably accounted 

for by trait anxiety, which was seen as reflecting individual differences in sensitivity to 

punishment.  

Gray's (1970) shift of focus from arousal to reinforcement sensitivity 

necessitated the inclusion of a complimentary and orthogonal trait reflecting individual 

differences in sensitivity to reward. Gray (1987) assigned this role to impulsivity on the 

basis that individuals high on impulsivity respond rapidly to signals of reward without 

deliberation of possible negative consequences (Pickering & Gray, 1999). 

H.J. Eysenck (1967; H.J. Eysenck & Eysenck, 1985) also proposed that 

individuals vary along a second dimension, neuroticism, which he equated with 

emotionality. Individuals high on neuroticism exhibit strong emotional responses to 

emotionally arousing events. Individuals low on neuroticism are referred to as stable, 

and exhibit low emotional responsiveness. Linking this back to learning theory, which 

equates emotionality with degree of responsiveness to signals of reward and 

punishment, Gray (1970) postulated that high neuroticism underlies high responsivity 

(sensitivity) to both reward and punishment. 

 Gray (1970; 1982) went on to describe how anxiety and impulsivity would fit 

into H.J. Eysenck's personality space (see Figure 4-1). As indicated in Figure 4-1 
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impulsivity was considered to exist at a 30° rotation from H.J. Eysenck's E, with high 

impulsivity corresponding to E+/N+ and low impulsivity to E-/N-. Gray (1970; 1982) 

similarly suggested that anxiety exists at a 30° rotation from N in H.J. Eysenck's 

personality space, with high anxiety corresponding to E-/N+ and low anxiety E+/N-.  In 

sum, the fundamental difference between Gray and H.J. Eysenck's theories of 

personality is that Gray sees individual differences as deriving from sensitivity to 

reinforcement  (reward/punishment) where as H.J. Eysenck considers trait individual 

differences to be a function of level of arousal (E) and stability (N). 

In his early RST formulation, Gray (1970; 1982) suggested that trait impulsivity 

reflected the personality manifestation of sensitivity/reactivity of the Behavioural 

Activation System (BAS) and trait anxiety the sensitivity/reactivity of Behavioural 

Inhibition System (BIS). At this stage, the BIS was considered to mediate responses to 

conditioned aversive stimuli, novelty and innate signals of punishment (Gray, 1982). 

Figure 4-1. Gray's proposed position of Anxiety and Impulsivity within Eysenck's 

personality space. Adapted from Corr (2004, p. 319).
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Unconditioned aversive stimuli were considered to activate the FFS (Fight, Flight 

System) which mediated fight and flight responses to immediate threat (Gray, 1982). As 

will be illustrated, the revised version of the RST has departed significantly from this 

original view of  the BIS and FFS while the conceptualisation of BAS has remained 

largely the same as originally stipulated (Gray & McNaughton, 2000; McNaughton & 

Corr, 2004). 

4.3 The Revised RST: Three Fundamental Systems 

4.3.1 The Behavioural Activation System (BAS)

The role of the BAS is to facilitate movement towards reward. In Gray's RST, 

the absence of an expected punishment is functionally the same as receiving a reward. 

As Figure 4-2 illustrates, stimuli that have the potential to activate BAS include signals 

of potential reward, including unconditioned reward stimuli (Rew+), conditioned 

reward stimuli (CS-Rew+) and innate reward stimuli (IS-Rew+); or the absence of 

punishment (safety), including unconditioned safety signals (Pun-), conditioned safety 

signals (CS-Pun-), innate safety signals (IS-Pun-) (McNaughton & Corr, 2004). Once a 

signal of reward is detected by the BAS, it prepares and executes a response that will 

facilitate attainment of the reward. This would ordinarily involve some form of 

approach behaviour. BAS activation also leads to increased arousal.

An example of BAS mediated approach would be that exhibited by a child at the 

sound of an approaching ice-cream van. The distinctive song issued by the approaching 

van (CS-Rew+) activates the child's BAS. The BAS then increases arousal and 

incorporates information from memory and the environment in planning a response 

which will facilitate attainment of the ice-cream (e.g., finding mother; running towards 

van). Likewise, the site of a clock indicating an impending lunch-break (CS-Rew+) may 

also activate BAS. In a hungry individual, BAS activation would lead to planning 
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involved in acquiring food, such as movement towards the cafeteria and thoughts of 

meal choices. 

The BAS can be considered at both a state and trait level. The scenarios 

described above provide examples of state BAS activation, simply the BAS activating 

stimuli (here CS-Rew+) and its motivational consequences. The trait/personality aspect 

of BAS manifests as inter-individual differences in sensitivity to BAS activating stimuli. 

For instance, a person described as possessing high BAS characteristics would exhibit 

strong approach responses to BAS activating stimulus. For example, the prospect of 

interacting with an attractive person (Rew+) when entering a bar (CS-Rew+) (Pickering 

& Gray, 1999). 

4.3.2 Defensive Direction: Fear (FFFS) versus Anxiety (BIS)

Although Gray's BAS has piqued a great deal of empirical interest, particularly 

in relation to substance misuse (e.g., Dawe & Loxton, 2004), the primary focus of 

Gray's work over the last four decades (1970; 1982; Gray & McNaughton, 2000) has 

been the neuropsychology of anxiety. 

As outlined above, in the original formulation, and also the most widely cited 

version of RST, Gray considered anxiety and fear as both a function of BIS activity 

(Corr, Pickering & Gray, 1997). The most significant revision to RST, described in 

cogent detail by Gray and McNaughton (2000), is the proposed functional, 

pharmacological and behavioural distinction between fear and anxiety.  In developing 

their argument, Gray and McNaughton (2000) drew largely on the detailed analysis of 

animal defensive behaviours by R.J. Blanchard, D.C. Blanchard and colleagues (D.C. 

Blanchard & R.J. Blanchard, 1989 R.J Blanchard & D.C. Blanchard, 1989; D.C. 

Blanchard, R.J. Blanchard, Tom, & Rodgers, 1990). In a series of controlled studies, the 

Blanchards observed that animals displayed distinct behavioural sets when 
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Figure 4-2.  Relationship between stimuli, the Fight / Flight / Freeze System (FFFS), the Behavioural Approach System (BAS) and the Behavioural 

Inhibition System (BIS). 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. Note that the compound CS-Pun- can stand for either a CS that predicts Pun- or for the 

omission of a CS that predicts Pun + . The simplest means of activating the BIS is concurrent activation of the FFFS and the BAS, i.e. approach-

avoidance conflict. However, approach-approach conflict and avoidance avoidance-conflict (as in two-way avoidance) will also activate the BIS. 

(Reproduced and modified from McNaughton and Corr, 2004, p 298)



135

confronted with the actual as opposed to the potential presence of a predator. They 

linked the former set of behaviours (e.g., freezing, directed and undirected escape) to a 

state of fear and the latter, response to potential threat, to a state of anxiety. They 

derived further support for this distinction from the action of anxiolytics on anxiety-

related but not fear-related behaviours (R.J. Blanchard, Griebel, Henrie, & D.C. 

Blanchard, 1997).  Fear behaviours were, however, affected by drugs identified as 

panicolytics. Thus, the Blanchard's work provided a clear ethological and 

pharmacological distinction between states of fear and anxiety at an animal level on the 

basis of immediacy versus potentiality of threat. 

Gray and McNaughton (2000) diverged slightly from this view. Instead of 

distinguishing fear and anxiety on the basis of immediacy and potentiality of threat, 

they proposed that the two should be distinguished in terms of the direction of defensive 

behaviour. For example, an individual with a mild phobia of spiders may be required to 

enter a dark shed, with spiders and cobwebs visible on the ceiling, in order to find a 

hammer. No doubt aware of the presence of spiders, they would very cautiously 

approach the drawer containing the hammer (defensive approach, anxiety), exhibiting 

heightened arousal and vigilant attention to signs of actual spiders. At the sight of 

nearby movement, the spider phobic is likely to either freeze in a state of panic or run 

from the shed as quickly as possible (defensive avoidance, fear). Gray and McNaughton 

(2000) refer to this distinction as defensive direction. Fear is exhibited when leaving a 

threatening situation, where as anxiety is exhibited when entering or withholding 

entrance (passive avoidance) to a threatening situation (Corr et al., 2004).

Like the Blanchards' work, the most compelling feature of Gray's two 

dimensional typology of defensive behaviours, and indeed the distinction between fear 

and anxiety itself, is the effect of anxiolytics on these behaviours (Gray & McNaughton, 
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2000). Critically, anxiolytics will not affect behaviour in response to threat unless this 

threat needs, for adaptive purposes, to be approached (e.g., because avoidance of threat 

conflicts with an appetitive goal, approach to food, or, in the above example, the need to 

obtain a hammer).  Gray went on to observe that anxiolytics do not only affect 

behaviour which involves approach to threat, but any situation which elicits goal-

conflict, including approach-approach and avoidance-avoidance conflicts (Gray and 

McNaughton, 2000).  In sum, anxiety is defined as responses to threat (or other goal-

conflict) which are affected by anxiolytics.  In contrast, when a threat must simply be 

avoided, this behaviour is not affected by anxiolytics and is thus defined as fear.  

Gray and McNaughton (2000) further observed that anxiolytics produce their 

behavioural effects by acting on a distinct set of interconnected neural structures. Thus, 

fear and anxiety were not only distinguishable at a behavioural and pharmacological 

level, but also at a neurological level. Finally, extending on his earlier model of 

personality, Gray and McNaughton redefined the Behavioural Inhibition System (BIS) 

as the biologically based system which underlies anxiety and the Fight, Flight, Freeze 

system (FFFS) as the biologically distinct system which underlies fear. These two 

systems and the extent to which they interact with each other and the BAS will be now 

be considered in further detail. 

4.3.2.1 The Fight/Flight/Freeze System (FFFS). Like the BAS, the FFFS directly 

mediates goal-directed behaviour. Activated by stimuli signalling threat/punishment 

(Pun+, CS-Pun+, IS-Pun+) or frustrative non-reward (Rew-, CS-Rew-, IS-Rew-), the 

FFFS prepares and executes responses functioning to move the individual away from a 

source of threat/punishment (McNaughton & Corr, 2004). The FFFS can be considered 

at both a state and trait level. Individual differences in FFFS functioning affect 

sensitivity to signals of potential punishment or non-reward. Gray and McNaughton 
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(2000) equate FFFS sensitivity with trait fear. For instance, individuals diagnosed with a 

fear-related disorder, such as Panic Disorder, are considered to have high FFFS 

sensitivity, to the extent that mild threat stimuli, such as reduced oxygen content in 

crowded places (signalling potential suffocation), can activate the FFFS, leading to an 

acute fear response (i.e., panic; Gray & McNaughton, 2000). Finally, the state aspects of 

FFFS activation occur in direct response to FFFS activating stimuli, such as active 

avoidance of a spider exhibited by a spider phobic individual.

4.3.2.2 The Behavioural Inhibition System (BIS). The BIS receives information 

about goals from the FFFS and BAS. Goals according to Gray and McNaughton (2000) 

include both a stimulus and response tendency directed to that stimulus. For instance, 

the goal of the child previously described would be to approach the van to obtain ice-

cream and involves the BAS activating reward stimulus (the sound of the van, signalling 

the presence of ice-cream) and the response of approaching the van. In Gray's model, 

the most activated goal will be the one that controls behaviour (Gray & McNaughton, 

2000). The degree of goal activation is determined by the expected outcome, which is a 

function of the incentive value of the stimulus to be responded to, and the probability of 

obtaining the stimulus given that response. The incentive value of the ice-cream (and 

hence also the sound of the approaching van due to classical conditioning) would be 

determined by the child's hunger and the degree to which he or she likes ice-cream. The 

probability of obtaining the ice-cream given the child's response (i.e., finding mother 

and/or approaching the van) would be determined by the previous success of such a 

response. 

The BIS operates in two modes, a checking mode, and a control mode. During 

the checking mode, the BIS receives and integrates information about goals from the 

BAS and FFFS, monitoring for conflict between incompatible and concurrently and 
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equivalently activated goals. For example, goal conflict may arise between approach 

towards reward (BAS mediated) and avoidance of potential punishment (FFFS 

mediated). If no conflict exists, the goals that are most highly activated, are executed 

without interruption. The BIS also monitors for conflict between expected and actual 

outcomes upon goal execution. If the BIS detects a mismatch (conflict) it is generally a 

sign that the planned response has failed and needs to be reviewed (Gray & 

McNaughton, 2000). When conflict is detected by the BIS, the ongoing goal-directed 

behaviour is inhibited, accompanied by increased arousal and risk assessment (Gray & 

McNaughton, 2000). These BIS outputs facilitate careful approach to the source of 

reward, whilst also assessing for potential risk and being prepared for escape at any 

given moment. 

The BIS also exhibits a negative bias such that during an approach-avoidance 

conflict, BIS activation actually potentiates FFFS activation thus tipping the scale in 

favour of avoidance over approach. This negative bias most likely reflects the evolution 

of the BIS as a system mediating risk aversion in situations of potential threat (Gray & 

McNaughton, 2000). The example of a classic approach-avoidance conflict described by 

McNaughton and Corr (2004) is that of a mouse approaching a source of food and 

suddenly sighting a cat hair. The mouse immediately inhibits its eager progression 

towards the food and searches for the source of the potential threat. The mouse may 

then begin to carefully approach the source of food, but with increased arousal and risk 

assessment behaviours. This state of defensive approach is mediated by BIS. If the 

mouse sees the cat itself, the FFFS will then take over and the mouse will instigate 

avoidance behaviour.

Importantly, it is not only approach-avoidance conflicts that have the capacity to 

activate the BIS. In fact, theoretically, any goal conflict will lead to BIS activation, 
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including approach-approach conflicts and avoidance-avoidance conflicts. Like trait 

FFFS and BAS sensitivity, individuals differ on the degree of trait BIS sensitivity. 

Essentially, this means that individuals will be more likely to exhibit BIS 

activation/output on detection of conflict between goals when one is less activated than 

the other (i.e., when they are not equivalent; McNaughton & Corr, 2004). Gray and 

McNaughton (2000) equate trait BIS sensitivity with trait anxiety. Likewise, state 

activation of BIS is equated with state anxiety (Gray & McNaughton, 2000). 

4.3.4 Defensive Distance.

Defensive behaviour exhibited in response to threat (both anxiety and fear) 

varies on an individual level according to what Gray and McNaughton (2000) refer to as 

defensive distance. Defensive distance is an internal cognitive construct reflecting the 

intensity of perceived threat. The closer someone is to a perceived threat (either in space 

or time), the smaller the defensive distance. As well, people will vary in how 

threatening they perceive a potential threat (e.g., talking in front of a group of people) at 

a given distance, thus although they share the same physical (or temporal) distance from 

the threat, they vary in their individual defensive distance to the threat. Defensive 

distance also mediates what form of defensive behaviour will be displayed. For 

instance, people vary greatly in terms of fear of spiders. If a spider is sitting in the 

corner of a room, a person with no fear of spiders would probably not display any form 

of defensive behaviour and carry on their activity without any further attention to the 

spider's presence. A person with a mild fear of spiders, may remain in the room, but 

experience increased arousal and pay close attention to where the spider moves (BIS 

mediated passive avoidance). In contrast, a spider phobic would probably leave the 

room immediately (FFFS mediated active avoidance). 

As well, the closer the individual is to the threat, the smaller the defensive 
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distance. Thus returning to the spider phobia/shed scenario, prior to entering the shed, 

the spider phobic may be unaware of the potential threat so continue their pre-threat 

BAS mediated approach to the shed (large defensive distance). On entering the shed, the 

sight of spiders on the ceiling (IS-Pun+) would activate FFFS, most likely leading to an 

approach-avoidance conflict and hence BIS activation (medium defensive distance). 

BIS then guides defensive approach into the shed, inhibiting both the BAS mediated 

approach and FFFS mediated avoidance. At the perception of nearby movement 

(smallest defensive distance), FFFS is activated further, leading to release of  inhibitory 

control by BIS, and allowing for FFFS mediated active avoidance.  It is highlighted that 

without the need to approach, activation of FFFS by the sight of spiders on the roof 

would elicit active avoidance at a greater defensive distance. For example, the spider 

phobic might actively avoid walking under low hanging trees at night because they 

know there is a possibility of being caught in spider webs.

4.4 Neurology of the BAS, FFFS and BIS

4.4.1 Neurology of the BAS

Drawing on a substantial pool of neurophysiological, pharmacological, 

neuroanatomical and neuropsychological evidence (for review see Pickering & Gray, 

1999); Gray (1987) proposed a neurological model of BAS centred around mesolimbic 

and mesocortical dopaminergic pathways. In this neurological architecture of BAS, 

Pickering and Gray (1999) include dopaminergic pathways ascending from the ventral 

tegmental area to the nucleus accumbens, ventral pallidum, dorsomedial nucleus of the 

thalamus; and finally prefrontal cortical areas. Although the latter areas are integral to 

BAS activation, Pickering and Gray (1999) implicate the activity in the dopaminergic 

projections from the ventral tegmental area to the nucleus accumbens as underlying trait 

levels of BAS activity. At this stage, the role of the prefrontal cortex in BAS is merely 
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speculative, though given the current state of knowledge regarding executive prefrontal 

functions is likely to involve selection between available responses required to achieve 

the BAS-related goal and general executive control (Pickering & Gray, 1999).

4.4.2 Neurology of the FFFS

As illustrated in Figure 4-3, Gray and McNaughton (2000) present a 

hierarchically structured neurology for BIS and FFFS. The model of the primary 

defence system, the FFFS, draws largely on LeDoux (1994,1995) and Aggleton's (1993) 

work on the amygdala and associated circuits. The argument for a hierarchically 

structured defence system, originally developed by the Blanchards (see R.J. Blanchard 

& D.C. Blanchard, 1994), is based on an extensive analysis of primarily animal lesion 

and pharmacological studies. Later extensions of their work by both Graeff (1994) and 

Gray and McNaughton (2000) provide the basis for the model of the FFFS presented in 

Figure 4-3. 

Increasingly higher levels of the FFFS correspond to increasing defensive 

distance, as well as ethologically newer, more sophisticated neural structures (Gray & 

McNaughton, 2000). At smaller defensive defensive distances, responses are mediated 

by regions at the bottom of the hierarchy and responses are faster and less sophisticated. 

For instance, the periaqueductal grey (PAG) mediates the “quick and dirty” response of 

panic. Panic responses are fixed and only adaptive in situations of extreme threat (i.e., 

freezing, explosive attack and undirected escape). At greater defensive distances, there 

is time to employ more sophisticated, flexible active avoidance strategies. Such 

responses are mediated by higher levels of the defence hierarchy. For example, the 

highest level of the FFFS is the basoventral stream1 of the prefrontal cortex (Gray & 

1 Gray and McNaughton (2000) base their distinction between basoventral and dorsomedial streams of 

the prefrontal cortex on the architectonic analysis of the primate and human prefrontal cortices by 
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McNaughton, 2000).

Based on extensive evidence of prefrontal working memory and planning 

capacities (for reviews see Smith & Jonides, 1999; Carpenter et al., 2000), Gray 

suggests that the prefrontal cortex  provides the capacity to anticipate future goals and 

Barbas and Pandya (1989) and Petrides and Pandya (1994).

Figure 4-3. Hierarchically structured neurology of BIS and FFFS as outlined within 

McNaughton & Corr (2000). Each level can be associated with particular fear/anxiety 

related symptoms and syndromes. The 5HT (NA) indicates that each level receives 

efferent input from ascending serotonergic (5HT) and noradrenergic (NA) pathways. 

Arrows between levels indicate the reciprocal connections that exist (McNaughton & 

Corr, 2004. p.293). 
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predict future consequences as  well as plan and instigate actions in order obtain these 

goals. As well, higher levels of the defence hierarchy deal not only with threats of a 

more anticipatory nature, but also complex or abstract threats, such as the complex fears 

involved in obsessive compulsive disorder (McNaughton & Corr, 2004). Here, the 

individual actively avoids a perceived, yet unseen, threat (i.e., avoiding the threat of 

contamination by compulsive hand washing).

According to LeDoux's (1994) principle of sensory processing, all levels of the 

FFFS would  receive sensory input at all times. Input to the FFFS occurs via both fast  

and dirty and slow and sophisticated routes with the function of scanning for threat/non-

reward related stimuli. Threat/non-reward items would simultaneously activate all levels

of the defence system causing each level to prepare its own set of response options. 

Only the most highly activated region (determined according to defensive distance) will 

mediate the actual response whilst simultaneously inhibiting the other levels of the 

FFFS.  Thus, although not mediating the current response, other levels of FFFS are 

activated in a preparatory/latent manner, awaiting release from inhibition. This allows 

for rapid transition between different defence responses (Gray & McNaughton, 2000). 

For instance, a rabbit may perceive an approaching person as an avoidable threat. As 

such, the defensive response would most likely be mediated by the amygdala. If simple 

directed escape is sufficient to avoid the threat, the amygdala will release the 

hypothalamus from inhibition and the hypothalamus will immediately enact its prepared 

directed escape.

In sum, the FFFS is a system that mediates avoidance of threat or non-reward. 

The structure of the FFFS is hierarchical in the sense that higher levels are not only 

phylogenetically newer structures, but also deal with more anticipatory/abstract forms 

of threat (or non-reward) with more sophisticated, flexible responses options. Although 
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all levels of the FFFS may be activated and prepare defensive responses on perception 

of a potential threat, the actual response is mediated by the level which is most highly 

activated, while it simultaneously inhibits other concurrently activated levels of the 

defence system. 

4.4.3 Neurology of the BIS

Like the FFFS, the BIS is composed of a hierarchically structured set of neural 

components, with higher levels dealing with more sophisticated, anticipatory aspects of 

anxiety. Unlike the FFFS, where explicit defensive responses are mediated by different 

components, the core elements of the BIS can be predominantly traced to one central 

hub, namely, the septo-hippocampal system (Gray & McNaughton, 2000). This aspect 

of Gray's theory is based largely on the striking similarity between lesions of the septo-

hippocampal system and the clinical effects of anxiolytic drugs (for a detailed review of 

evidence linking septo-hippocampal function to anxiety see Gray & McNaughton, 

2000). That is, in so far as anxiety can be defined as the psychological, physiological 

and behavioural sequelae that are affected by anxiolytics, the septo-hippocampal system 

can be seen as the core neurological system underlying anxiety (Gray & McNaughton, 

2000). This system includes the septum plus all regions which receive direct inhibitory 

GABAergic input from the medial septal area, which includes, the hippocampus proper, 

the dentate nucleus, the entorhinal cortex, and the subicular area (McNaughton & Corr, 

2004). 

The primary computational component of the septo-hippocampal system is a 

comparator (Gray & McNaughton, 2000). As described for the BIS, the comparator 

functions in both a checking mode, where it continually monitors for possible goal 

conflict, and a control mode, which occurs only once it has detected goal conflict (Gray 

& McNaughton, 2000). Whilst in the checking mode, the septo-hippocampal system 
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continually receives goal information from components of the BAS and FFFS and 

monitors the activation of goal representations. When the comparator detects conflict 

between two incompatible and equivalently and concurrently activated goals, it firstly 

inhibits all ongoing motor programs via projections to motor programming areas such 

as the amygdala and prefrontal and cingulate cortices. The septo-hippocampal system 

then recursively recycles goal representations back to the source of that representation. 

During each cycle the septo-hippocampal system updates goal representations on the 

basis of information obtained from risk assessment of the environment and scanning of 

memory. As well, the septo-hippocampal system automatically weights threat-related 

aspects of each goal representation. This is the basis of the BIS negative bias and leads 

to a favouring of avoidance of threat over approach to reward. These two functions 

occur recursively until one goal becomes clearly more activated and is subsequently 

released from BIS inhibition and executed as planned. 

A final output of BIS, yet to be addressed, is that of enhanced arousal (Gray & 

McNaughton, 2000). This function is attributed to the amygdala, based on the blocking 

of the arousal output of BIS upon lesions to the amygdala (and not the septo-

hippocampal system) (McNaughton & Corr, 2004). Anxiolytics also act specifically on 

the amygdala to block the increase arousal output of BIS (McNaughton & Corr, 2004). 

In fact, according to McNaughton and Corr (2004), all three systems, BIS, FFFS and 

BAS produce their arousal output via the amygdala.

Gray postulates that the dorsomedial trend of the prefrontal cortex mediates the 

most anticipatory planning and motor programming aspects of the BIS (Gray & 

McNaughton). The dorsomedial trend includes much of the ventromedial and 

dorsolateral prefrontal cortex (Barbas & Pandya, 1989; Petrides & Pandya, 1994). 

Social anxiety, one of the most salient and common forms of approach-avoidance 
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conflict experienced by humans, is likely to be primarily mediated by cortical level BIS 

(McNaughton & Corr, 2004). Finally, Gray and McNaughton (2000) propose that the 

posterior cingulate cortex mirrors the function of the dorsomedial trend of the prefrontal 

cortex, but at a less anticipatory level. In particular, this area is implicated in planning 

and motor programming of innate anxiety plans (Gray & McNaughton, 2000). For 

example, navigation in the dark, involving reasonably simple defensive approach, but 

where the threat is diffuse and not localised to a single location, has been linked to 

activity in the posterior cingulate cortex (Cooper & Mizumori, 1999; Cooper, Manka & 

Mizumori, 2001; McNaughton & Corr, 2004). 

4.4.4. Orbitofrontal and Ventromedial Prefrontal Cortices and Gray's RST

The neurology of the BIS, BAS and FFFS described above is based almost 

entirely on animal studies. Although the role of the prefrontal cortex in each of these 

systems has been briefly postulated, these assertions are yet to receive empirical 

attention. There is, however, a growing interest in the role of prefrontal cortical areas in 

emotion. Aside from the anterior asymmetry studies reviewed in Chapters 2 and 3, 

much of this work has focused on the orbitofrontal cortex and ventromedial prefrontal 

cortical regions (e.g., Bechara et al.,1994; 1997; 1999; Bechara, Damasio, & Damasio, 

2000; Bechara, Dolan, Denburg, Hindes, Anderson, & Nathan, 2001; Tremblay & 

Schultz, 1999; Fellows & Farah, 2003; Hornak et al., 2004; Kringelbach & Rolls, 2003). 

Numerous functions have been ascribed to the orbitofrontal and ventromedial cortices, 

and debate still exists regarding the role of these areas in emotion processes (see Elliot, 

Dolan, & Frith, 2000 and Kringelbach & Rolls, 2004 for a review and discussion of this 

issue). However, on the basis of neurophysiological studies in primates and lesion and 

neuroimaging data in humans, there is a general consensus that these areas are involved 

in guiding behaviour on the basis of reward and punishment contingencies (Kringelbach 



147

& Rolls, 2004). Although this could imply a role for orbitofrontal/ventromedial regions 

in all three of Gray's systems, there is growing evidence to suggest that these regions 

may in fact function as the higher/ cortical level of the BIS.

The alignment of the BIS with orbitofrontal/ventromedial regions is consistent 

with Gray and McNaughton's (2000) assignment of the dorsomedial prefrontal trend 

(which travels through the ventromedial prefrontal cortex) to cortical level BIS and 

with suggestions by Gray (1970) and Gray and McNaughton (2000, see Appendix 3) 

that the orbitofrontal cortical region is the most likely candidate for cortical-level BIS 

control. Anatomically, the hippocampus shares dense interconnections with the 

orbitofrontal cortex via the entorhinal cortex (see Barbas, 2007 for recent review). A 

functional connectivity between these two regions in humans is supported by evidence 

of observable evoked potentials in the orbitofrontal cortex following electrical 

stimulation of the hippocampus (Catenoix et al., 2005). However, the most compelling 

evidence of orbitofrontal/ventromedial cortical involvement in the BIS is the observed 

effect of damage to these regions. In primates (and as reviewed below in humans), the 

behavioural sequelae resulting from orbitofrontal/ventromedial cortical lesions mirrors 

those seen for septo-hippocampal damage and consequently, the anxiolytic behavioural 

profile central to Gray’s theory of BIS function (Gray & McNaughton, 2000, Appendix 

3).

4.4.4.1 Ventromedial prefrontal cortex and the Iowa Gambling Task. In humans 

and primates, lesions to the ventromedial prefrontal cortex lead to impairments in social 

and emotional behaviour (Elliot et al., 2000). These impairments have been related to 

the involvement of this area in monitoring and updating reinforcement contingencies 

and making decisions/changing behaviour in response to these new reinforcement 

contingency relations (Bechara et al., 1994; Damasio, 1994; Rolls et al., 1994; Elliot et 
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al., 2000). Bechara and colleagues have demonstrated such deficits through impaired 

performance on the Iowa Gambling Task (Bechara et al. 1994, 1997, 1999, 2000a,b; 

2001).  As described in Chapter 2 and illustrated in Figure 2-3, the Iowa Gambling task 

involves probabilistic learning, where players are required to repeatedly choose between 

four decks of cards, where each deck choice is associated with a certain potential for 

reward and punishment. What is acquired by the player is knowledge of the probability 

of receiving reward or punishment given a certain card choice. Ultimately, 

advantageous decision making requires the identification of advantageous decks based 

on the long-term consequences of choices from individual decks. 

Individuals with ventromedial prefrontal damage tend to prefer the 

disadvantageous decks that yield high immediate reward, but higher long-term loss, 

over the advantageous decks which yield relatively small immediate reward, but smaller 

long-term loss (i.e., overall long-term gain). Essentially, they make their decisions based 

on immediate outcomes, even in the face of potential long-term negative consequences 

(Bechara et al., 2001). Strikingly, even when individuals with ventromedial prefrontal 

damage are able to correctly describe the contingencies and expected outcomes, they 

often continue to make disadvantageous choices (Bechara et al., 1997; Rolls, Hornak, 

Wade, & McGrath, 1994). These findings suggest that areas outside of the ventromedial 

prefrontal cortex - most likely the dorsolateral prefrontal cortex (Wallis & Miller, 2003) 

- have the capacity to update contingencies in order to anticipate future outcomes, but at 

a later, conscious level. Furthermore, the fact that such individuals continue to choose 

disadvantageously infers that the ventromedial prefrontal cortex underlies the ability to 

incorporate information about expected outcomes to guide response choice. 

It is important to note that deficits related to ventromedial damage are also 

apparent on much simpler, continuous reinforcement tasks when contingencies are 
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reversed (Fellows & Farah, 2003). Such tasks involve learning to respond to a rewarded 

stimulus over a non-rewarded stimulus and then reversing contingencies such that the 

response must now be made to the previously non-rewarded stimulus and with-held on 

the previously rewarded stimulus (Fellows & Farah, 2003). Individuals with 

ventromedial prefrontal damage typically have no difficulty learning the initial 

reinforcement contingencies, but when these are reversed, take significantly longer to 

switch to the currently rewarded stimulus (Fellows & Farah, 2003). 

In sum, the deficits exhibited by individuals with ventromedial prefrontal 

damage reflect an inability to incorporate new information regarding existing stimulus 

reinforcement-contingencies in order to anticipate future outcomes, and critically to 

then use this information to guide decisions/behaviour. 

4.4.4.2 Ventromedial prefrontal cortex and the BIS. As outlined above, Gray sees 

the septo-hippocampal system as the hub of the neurological circuit underlying the BIS. 

A core function of the septo-hippocampal system is the recursive updating of goal 

representations. This process involves gathering and incorporating new information 

from the environment and memory in order to determine the most activated/ 

advantageous goal and hence resolve conflict. Recalling that goals are a function of 

stimulus-response reinforcement contingencies (Gray & McNaughton, 2000), it can be 

seen that septo-hippocampal mediated goal-updating is comparable to the updating of 

reinforcement contingencies described for the ventromedial prefrontal cortex. 

The mechanism through which the ventromedial prefrontal cortex is thought to 

undertake rapid reversal learning also mirrors Gray's model of septo-hippocampal/BIS 

function (see Figure 4-2). On the first reversal trial, when no reward is delivered after 

responding to a previously rewarded stimulus, error detection cells in the ventromedial 

prefrontal cortex fire to indicate conflict between expected and actual outcome. This is 
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thought to lead to immediate inhibition of the conditioned approach response 

(behavioural inhibition) enabling acquisition of alternative (and incompatible) 

contingency relationships (Rolls, 2004; Thorpe, Rolls, & Maddison, 1983). 

A number of studies have also linked the ventromedial prefrontal cortex to the 

extinction of conditioned responses (Gottfried & Dolan, 2004; Kalisch et al., 2006; 

Milad, Quinn, Pitmann, Orr, Fischl, & Rauch, 2005; Milad et al., 2007; Quirk, Russo, 

Barron & Lebron, 2000; Rauch, Milad, Orr, Quinn , Fischl, & Pitman, 2005).Like 

reversal learning, extinction involves new learning (that the conditioned stimulus no 

longer predicts the unconditioned stimulus) coupled with the inhibition of a previously 

reinforced (conditioned) response (Quirk, Garcia, & Gonzales-Lima, 2006). As will be 

elaborated on further in Chapter 5, extinction learning thus reflects a fundamentally 

BIS-mediated process. Accordingly, both extinction learning and reversal learning are 

impaired following lesions to the septo-hippocampal system and/or administration of 

anxiolytic drugs (Gray & McNaughton, 2000). In humans, recent studies have also 

shown that extinction retention (recall of the extinction memory after a delay, usually 24 

hours) engages a ventromedial prefrontal-hippocampal network (Kalisch et al., 2006; 

Milad et al., 2007), further supporting the proposed role of ventromedial prefrontal 

regions as a cortical-level of BIS control. 

Activity in the medial orbitofrontal cortex has also been found to correlate with 

goal conflict. Arana et al. (2003), examined activity in the orbitofrontal cortex and 

amygdala during an incentive and goal selection task. Participants were required to view 

a menu of items designed to be of high or low individual incentive value. In some trials 

they were asked to choose an item from the menu. Relative to trials where no choice 

was required, choice trials produced activity in the left medial orbitofrontal cortex. 

Arana et al. (2003) also observed an increase in left medial orbitofrontal cortical activity 
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when the choice was most difficult, that is, when the approach-approach conflict was 

most difficult to resolve. 

Finally, Rolls, Browning, Inoue, and Hernadi (2005) located cells in the 

macaque orbitofrontal cortex that were sensitive to novelty. That is, these cells showed 

strong responses to the presentation of novel visual stimuli, but not to familiar visual 

stimuli. The activation of the right rostral orbitofrontal cortex of humans has also been 

observed in response to novel abstract art images and novel faces (Frey & Petrides, 

2000; 2002; 2003). Novel stimuli, such as those presented in the Rolls et al. (2005) 

study, present an implicit potential for reward (BAS activating) and punishment (FFFS 

activating) (see Figure 4-2). Presentation of novel stimuli thus result in an approach-

avoidance conflict, and consequent activation of BIS. Thus novel stimuli theoretically 

activate all three systems, and so cells responding to novel stimuli may, on this basis, 

reflect BAS, FFFS or BIS activation. However, in the Rolls et al. (2005) study, cells 

responding to novel stimuli showed no response to familiar stimuli which had 

previously been paired with both reward (BAS activating stimuli) and punishment 

(FFFS activating stimuli). This suggests a BIS, as opposed to BAS or FFFS, 

interpretation of orbitofrontal cortical involvement in the processing of novel stimuli.

To summarise, several lines of evidence link the ventromedial prefrontal cortex 

to Gray's BIS. Firstly, the mechanism ascribed to the ventromedial cortex, derived from 

human lesion findings, closely mirrors that of the septo-hippocampal system, described 

by Gray and McNaughton (2000). These functions include the inhibition of 

reinforcement contingencies in the presence of conflict, updating of reinforcement 

contingencies and information gathering in order to resolve conflict, and direct 

influence over behavioural output based on this conflict resolution. Furthermore, 

neuroimaging studies have found increased activity in the medial orbitofrontal cortex to 
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be correlated with goal conflict, whilst neurophysiology studies have found cells in the 

macaque medial orbitofrontal cortex that are specifically sensitive to novelty.

4.4.4.3 Modulatory neurotransmitter systems. As described thus far, the BIS and 

FFFS can be viewed as hierarchically structured neural systems, where coordination 

between different subcomponents underlies flexible defensive responses according to 

the degree of perceived distance to threat. Finally, superimposed on these sets of neural 

structures are ascending noradrenergic, serotonergic and cholinergic pathways that 

originate in brainstem nuclei and innervate all levels of BIS and FFFS (Graeff, 1994; 

Gray & McNaughton, 2000). Like the dopaminergic pathways implicated in the BAS, 

serotonergic, noradrenergic and cholinergic efferents modulate and coordinate activity 

throughout the entire defence system. For instance, output from ascending serotonergic 

pathways facilitates active avoidance output of the hypothalamus and amygdala, but 

inhibits panic elicited by PAG activation. As previously described, this makes sense, as 

panic (i.e., freezing, rage) would be maladaptive in a circumstance where escape from 

threat was possible. 

The final picture of BIS and FFFS outlined by Gray and McNaughton (2000), 

and later by  McNaughton and Corr (2004), is of systems of distinct neural 

subcomponents that each mediate distinct defensive responses to their specific eliciting 

stimuli (determined by defensive distance); and which are further modulated by more 

global neurotransmitter systems. 

4.5 BAS, FFFS and BIS and Psychopathology

A fundamental feature of Gray's theory is the mapping of defensive distance 

onto distinct neural subcomponents, each of which is responsible for the generation of a 

particular defensive response (McNaughton & Corr, 2004). Output from each level can 

be a consequence of three different processes: a) an adaptive response to activation by 
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specific eliciting threat stimuli; b) maladaptive response due to excessive output to 

specific eliciting stimuli; c) maladaptive response due to excessive input from related 

structures, but where the response itself, given the degree of input is not excessive. 

These latter two scenarios underlie Gray's aetiology of anxiety-related and fear-related 

symptomatology (McNaughton & Corr, 2004). Figure 4-3 outlines the different 

symptoms and syndromes attributed by Gray and McNaughton (2000) to the various 

levels of the BIS and FFFS. As indicated, some syndromes are represented at several 

levels of the same defence system. For instance, generalised anxiety disorder can arise 

from septo-hippocampal overactivity or overactivity of the region of the amygdala 

reciprocally connected to the septo-hippocampal system that mediates arousal (Gray & 

McNaughton, 2000). Either aetiology would lead to the same symptomatology, as 

excessive arousal would itself feed into the septo-hippocampal system and vice versa. 

The syndromes are themselves distinguished as primarily FFFS- or BIS-related on the 

basis of the structure/set of structures identified in the underlying aetiology. For 

example, panic disorder can be considered a primarily FFFS related disorder when it is 

a consequence of excessive and inappropriate output from the PAG. However, panic 

attacks may also arise from excessive BIS related arousal and consequent excessive 

input to the PAG, which responds appropriately, given the degree of input. 

The key point with regard to future experimental tests of Gray's theory in 

relation to clinical anxiety/fear is that activity at one level of one system (e.g., anxiety 

related amygdala arousal) can spill over and activate levels of the other system (e.g., the 

PAG). McNaughton and Corr (2004) suggest that attempts to disentangle the underlying 

source of observed clinical manifestations of BIS/FFFS activity must rely on methods to 

challenge individual neural components of BIS and FFFS, whilst maintaining minimal 

reaction from the rest of the defence system. 
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Clinical manifestations of BAS sensitivity have primarily received attention in 

relation to substance dependence (for review see Dawe et al., 2004; but also Pickering 

& Gray, 1999). Behaviourally, substance dependence is characterised by the propensity 

to approach reward (i.e., the substance) despite negative future consequences (e.g., loss 

of job, relationships problems) (Bechara & Damasio, 2002). The development of 

substance dependence has been linked to a heightened sensitivity to reward 

(hypersensitivity in the BAS) and, in turn, the same dopaminergic pathways identified 

as the neurobiological basis for the BAS (Dawe et al., 2004). This BAS mediated 

reward sensitivity is thought to be particularly critical to the initial salience of the 

substance and hence initiation of substance use (Dawe et al., 2004).

4.6 Gray's RST and Human Experimental Data

4.6.1 Direct empirical tests of the original and revised RST. Despite almost 10 

years passing since Gray and McNaughton (2000) introduced significant revisions to 

Gray's RST, only two studies to date have attempted to test the model in its revised form 

within a human sample (Perkins & Corr, 2006; Perkins, Kemp & Corr, 2007). This 

paucity of research sits in stark contrast to the decades of human experimental research 

conducted to test the model in its original form. Because these data have already been 

comprehensively reviewed by Corr (2004), his findings will only be summarised here. 

Overall, support for the early RST formulation has been mixed. For example, trait 

anxiety and introversion have been associated with better aversive conditioning 

(Spence, 1964; Ominsky & Kimble, 1966; Kantorowitz, 1978) and superior learning 

under a punishment-based reinforcement contingency (Seunath, 1975; Boddy, Carver & 

Rowley, 1986; Zinbarg & Revelle, 1989), but also better conditioning to appetitive 

stimuli (Barr & McConaghy, 1974; Paisey & Mangan, 1988). Likewise, impulsivity and 

extraversion have been found to predict better conditioning to appetitive stimuli 
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(Kantorowitz, 1978; Paisey & Mangan, 1988) and superior reward reinforced learning 

(Seunath, 1975; Boddy et al., 1986; Zinbarg & Revelle,1989), whilst one study reported 

faster learning under punishment in a group of individuals high on trait BAS (Ball & 

Zuckerman, 1990). 

Corr's (2004) review shows that attempts to test RST in a human sample have 

produced a diverse and complex array of findings, many of which cannot be accounted 

for by the early model. In some respects the data from these studies are applicable to the 

revised RST, primarily findings relating to the BAS, which, as described earlier, 

remained relatively untouched by the revisions introduced by Gray and McNaughton 

(2000). However, as will be discussed at length in Chapter 5, the trait measures 

employed to gauge trait sensitivity in the former BIS (hence punishment sensitivity) 

have questionable relevance to the revised trait BIS and FFFS constructs. It is yet to be 

seen whether the revised theory will produce a more favourable and consistent set of 

findings within a human experimental setting. The first step to commencing such 

research must be the identification/development of measures/methods which enable 

researchers to distinguish between the BIS and FFFS at a state and trait level. The will 

be the focus of Chapter 5.

4.6.2 Evidence of a distinction between human fear and anxiety. Although, as 

noted, the revised BIS and FFFS have received relatively scant attention within the 

human experimental and clinical literature, there is growing evidence to support a 

biologically based distinction between human fear and anxiety. One such body of 

evidence derives from a model of fear and anxiety proposed by Michael Davis and 

colleagues, who observed that the startle reflex is modulated by at least two 

neurologically separable systems which mediate functionally distinct responses to threat 

(for review see Walker, Toufexis & Davis, 2003). The startle reflex is a sub-cortically 
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mediated response to sudden and intense stimulation that is preserved across species 

(Davis, 2006; Grillon, 2008). Fear-potentiated startle refers to the increased magnitude 

of the startle when it is presented with an explicit cue predictive of an aversive outcome. 

This response is modulated by the central nucleus of the amygdala and is a phasic 

response which subsides once the threat cue is no longer present. A more sustained 

potentiation of the startle reflex, which is independent of central nucleus functioning, 

has been observed where the threat is unpredictable/uncertain, such as that associated 

with a threatening context (Grillon, 2008; Walker et al., 2003). This response is instead 

mediated by the bed nucleus of the stria terminalis and has been considered a potential 

biological model of anxiety, whilst the more phasic response to discrete threat cues is 

considered a biological model of fear. Importantly, although developed on the basis of 

rodent lesion and pharmacological manipulation studies, this distinction between 

sustained “anxiety” and phasic “fear” related startle potentiation has been observed at a 

human level (Grillon, 2008). 

In humans (and rodents) sustained anxiety has been often examined within a 

context conditioning paradigm, where a context (as opposed to a single, identifiable 

cue) comes to be associated with an aversive outcome. Such contexts (e.g., a room 

containing various objects), typically comprise a diffuse set of cues, each one signalling 

threat and thus each one associated with a unique avoidance goal. According to Gray 

and McNaughton (2000) a threatening context should thus elicit avoidance-avoidance 

goal conflict and consequently responses to such contexts would be mediated by the 

BIS. In contrast, an avoidance response to a discrete threat cue should be solely 

mediated by the FFFS. This position is consistent with evidence that hippocampal 

lesions in rodents lead to impaired aversive context conditioning without affecting 

aversive conditioning to a discrete cue (e.g., Anagnostaras et al., 1999; Kim & 
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Fanselow, 1992; Maren et al., 1997; Philips and LeDoux, 1992; 1994). 

A dissociation between hippocampal and amygdala activation during context and 

cued aversive conditioning has also been observed in humans (Marschner, Kalisch, 

Vervliet, Vansteenwegen & Buchel, 2008). That the role of the hippocampus in context 

conditioning relates to goal-conflict derives support from evidence that hippocampal 

involvement is dependent on the complexity of the context (Moses, Winocur, Ryan, & 

Moscovitch, 2007). Enhanced contextual complexity equates to a greater number of 

cues signalling threat, hence greater avoidance-avoidance conflict. Moses et al. (2007) 

found that hippocampal lesions in rodents led to impaired fear conditioning under both 

simple (a chamber with white walls limiting the rodents view to the chamber only) and 

complex (clear chamber through which the rodent could view the various objects around 

the room e.g., chairs, table) context conditions but that the effect was significantly 

greater under the complex context condition. Similarly, in humans, whilst Armony and 

Dolan (2001) observed no hippocampal activation during context conditioning to a 

simple visual context (background colour of a computer monitor), a recent study 

employing a complex contextual manipulation (rooms within a virtual reality 

environment) reported strong hippocampal activation to a context associated with threat 

(Alvarez, Biggs, Chen, Pine & Grillon, 2008).

The relevance of a sustained anxiety versus phasic fear distinction to Gray and 

McNaughton's (2000) BIS and FFFS at a human level is further evidenced by the 

differential effect of benzodiazepines on startle facilitation under these two conditions 

(Grillon et al., 2006). Grillon et al. (2006) found that administration of alprazolam (a 

benzodiazepine) significantly reduced sustained startle facilitation elicited to an 

unpredictable threat condition, but had no effect on phasic facilitation of startle during a 

cued threat condition. Recently, Baas et al. (2009) also observed a weak differential 
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effect of benzodiazpines on sustained anxiety versus cued fear, but no effect of a novel 

anxiolytic, pregabalin. They suggest that their null findings for pregabalin and weak 

effects for benzodiazepines may reflect subtle, yet important, methodological 

differences between their study and Grillon et al. (2006). Despite these early 

inconsistencies, such findings provide promising, albeit preliminary, evidence further 

supporting a biological distinction between fear and anxiety at a human level. A final 

point of convergence between Gray and McNaughton's (2000) BIS and Davis's (Walker 

et al., 2003) sustained anxiety can be found in the effect of benzodiazepines on darkness 

facilitation of the startle reflex in humans. Like the sustained startle facilitation 

observed during exposure to threatening contexts, immersion in darkness also produces 

a sustained facilitation of the human startle reflex which is blocked by benzodiazepines 

(Baas et al., 2002). Once again, the significant effect of benzodiazepines on sustained 

startle facilitation (here in darkness) was observed in the absence of an effect on phasic 

startle facilitation during cued fear (Baas et al., 2002). On the basis of this and other 

findings (Grillon, Pellowski, Merikangas, & Davis, 1997; Grillon, Morgan, Davis, & 

Southwick, 1998) darkness facilitated startle reflex has been considered an 

endophenotypic marker of human anxiety (e.g., Grillon, Duncko, Covington, 

Kopperman, & Kling, 2007). Similarly, Gray and McNaughton (2000) and McNaughton 

and Corr (2004) align the state of anxiety elicited by immersion in darkness (i.e., “fear 

of the dark” often seen in children) with the BIS, whereby potential threat is assigned to 

a diffuse set of spatial locations, hence eliciting a state of avoidance-avoidance conflict.

Gray and McNaughton (2000; Appendix 2) treat the bed nucleus of the stria 

terminalis and the central nucleus of the amygdala as a single functional unit which they 

refer to as the 'corticomedial amygdaloid complex'. The stated basis for their grouping 

lies in the extensive reciprocal interconnections between these two regions. However, it 
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also appears that Gray and McNaughton (2000) have overlooked the functional 

distinctions between these two regions documented by Davis and colleagues (reviewed 

in Walker et al., 2003). Therefore, in considering the evidence presented above, in 

conjunction with evidence of functional connectivity between septo-hippocampal 

regions and the basal nucleus of the stria terminalis (e.g., Lee & Davis, 1997; Zhu, 

Umegaki, Suzuki, Miura, & Iguchi, 2001) it seems plausible that this region may in fact 

play a role in the BIS. Grillon (2008) also recently endorsed consideration of both 

Gray's septo-hippocampal theory and the bed nucleus of the stria terminalis in 

explaining anxiety at a biological level. 

In sum, Gray and McNaughton (2000) propose a distinction between fear and 

anxiety which has to date received limited direct attention within the human 

experimental literature (Perkins & Corr, 2006; Perkins et al., 2007). At the same time, a 

separate body of research has emerged identifying a distinction between cued fear and 

sustained anxiety (Walker et al., 2003; Grillon, 2008). Importantly, this distinction has 

been observed at a human level (e.g., Baas et al., 2002; Grillon et al., 2006) and shares 

many key features with Gray and McNaughton's (2000) own fear/anxiety distinction. 

Such findings thus provide preliminary evidence that human fear and anxiety derive 

from distinct biologically-based systems. Finally, as previously described for extinction 

learning (to be elaborated on in Chapter 5) and the sustained anxiety/cued fear 

distinction above, Gray and McNaughton's (2000) BIS and FFFS provide a 

parsimonious theoretical account for many of the findings emerging from the human 

(and rodent) experimental literature in this area. As such, future consideration of their 

model in the design and interpretation of such research may lead to enhanced 

understanding of the biological basis of human fear and anxiety.

4.7 Conclusions
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Through decades of intensive laboratory work and an almost exhaustive 

integration of neurobiological, pharmacological, neurophysiological and behavioural 

research, Gray and colleagues (1982; 1987; Pickering & Gray 1999; Gray & 

McNaughton, 2000; McNaughton, 2004) have demonstrated that behaviour elicited in 

response to potential punishment and reward in animals (primarily rodents) can be 

attributed to activity in three neurobiologically distinct systems, the BAS, the FFFS and 

the BIS. Gray's theory has been highly influential as a biological model of human 

psychopathology and personality, though to date, its application to personality and 

human individual differences research has met with mixed success (Corr, 2004). This 

mixed success must, however, be considered in the context of the significant revisions 

introduced by Gray and McNaughton (2000). With the exception of Perkins and Corr 

(2006) and Perkins et al. (2007), all other human experimental tests of Gray's RST 

conducted to date have addressed the original version of the theory. Evidence of a 

biologically based distinction between human fear and anxiety has, however, been 

observed elsewhere (e.g., Baas et al., 2002; Grillon et al., 2006), with the emergent 

findings offering a promising consistency with Gray and McNaughton's (2000) revised 

BIS and FFFS. 

One of the issues creating a barrier to direct empirical investigations of the 

revised RST at a human level is current absence of valid trait-level indices of BIS and 

FFFS sensitivity in their revised form. As will be discussed at length in Chapter 5, self-

report and behavioural measures applied to tests of the original theory (and reviewed by 

Corr, 2004) are unlikely to provide a means of distinguishing between trait sensitivity in 

the revised BIS and FFFS. Future studies need to focus on identifying new methods of 

distinguishing between trait-level sensitivity in these two systems if research applying 

Gray's model within a human experimental setting is to progress.
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Finally, a core issue within neuroscience is the degree to which findings in rats, 

non-human primates and other mammals can be generalised to human samples. Much of 

Gray's neurological model and theory, however, is based on phylogenetically old neural 

structures, that is, the structures are much the same in the rat as they are in the human. 

On this basis, Gray's BIS and FFFS should provide an adequate model of human 

defence systems at a subcortical level. A question yet to be adequately addressed, 

however, is how human cortical processes interact with the function of these subcortical 

structures; and moreover, whether distinct cortical regions associated with each 

individual system can be distinguished.

Two lines of research have the potential to inform the question of cortical 

involvement in Gray's BAS, FFFS, and BIS. One is research pertaining to the function 

of the orbitofrontal/ ventromedial cortices; the other, is the study of asymmetry within 

the prefrontal cortex and its relation to approach and withdrawal. As outlined above, 

functions attributed to the ventromedial prefrontal cortex bear a striking resemblance to 

those Gray describes for the septo-hippocampal system, considered the hub of BIS. As 

such, the ventromedial/orbitofrontal cortical region is identified here as a likely 

candidate for cortical level BIS. 

The second line of research with potential applications to the study of Gray's 

RST at a cortical level is the role of anterior asymmetry in systems for approach and 

withdrawal. As reviewed in the previous chapter, there is some evidence to suggest that 

the left prefrontal cortex is involved in a system that mediates approach motivation. 

There is also, though to a lesser extent, evidence that the right prefrontal cortex is 

involved in a system that mediates withdrawal motivation. With respect to Gray's RST, 

approach motivation is mediated by the BAS, and withdrawal motivation, by the FFFS. 

Thus, if Gray's RST is to be applied to anterior asymmetry, it could be argued that 
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enhanced left frontal asymmetry reflects high trait BAS sensitivity and relatively low 

trait FFFS sensitivity and vice versa for enhanced right frontal asymmetry. 

In sum, the next step in the development of Gray's RST is to test the revised 

model within a human sample. This requires the development of methods to distinguish 

between trait BAS, FFFS, and BIS sensitivity. Future research also needs to address the 

potential role of cortical regions in Gray's proposed neurology of the BAS, FFFS, and 

BIS. Two areas have been highlighted which may inform and guide such research, 

namely, the role of the ventromedial prefrontal cortex in BIS and the left and right 

prefrontal cortices in BAS and FFFS. 
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CHAPTER 5

A Revised Conceptualisation of Anterior Asymmetry based on Gray's RST

The preceding chapters have outlined and reviewed two influential models of 

emotion both based on the existence of fundamental approach and withdrawal 

motivation systems. In reviewing research undertaken to test Davidson's AAE model a 

plethora of methodological and conceptual issues emerged which have led not only to 

very mixed findings, but also to a pervasive ambiguity regarding the nature of anterior 

asymmetry. It would appear that in order to advance further in this area of research, the 

core tenet of the AAE model requires rigorous testing and some aspects of the model 

may require revision. It is argued here that a large degree of  inconsistency between 

studies and conceptual issues that have confounded advancement in this area to date 

may be addressed by applying constructs proposed within Gray's RST (in its revised 

form) to the study of anterior asymmetry in relation to emotion processes. 

As previously outlined, Gray proposes two systems, the BAS and the FFFS, 

which mediate goal-directed approach and withdrawal behaviour and conceptually 

parallel Davidson's approach and withdrawal systems. The primary theoretical 

discrepancy between Davidson's AAE model and Gray's RST is the inclusion, by Gray, 

of a third system, the BIS, which is activated when conflict occurs between two 

competing goals (e.g., approach versus avoidance). Although the revised model holds 

important theoretical implications for human psychopathology and individual 

differences research, in particular, the aetiology of anxiety-related and addictive 

disorders, it is yet to receive much empirical attention within a human experimental 

setting. Future research must therefore address the application of Gray's revised RST to 

a human sample. Such research critically depends on the development of methods to 

distinguish between trait/state FFFS and BIS activity/sensitivity in humans. 
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The current chapter proposes and discusses a revised conceptualisation of 

anterior asymmetry based on Gray's RST. A statement outlining the core premise of the 

revised  conceptualisation will be followed by a discussion which focuses on 

operationalising the revised  BIS and FFFS constructs at a trait and state level. The 

conclusions of this analysis will be considered in conjunction with those presented in 

Chapter 2 and 3 in the development of a series of studies which aim to test the revised 

conceptualisation of anterior asymmetry presented here. 

5.1 A Revised Conceptualisation of Anterior Asymmetry: The Premise

5.1.1 The Behavioural Activation System  and Left Frontal Activity

The approach system and the BAS may be broadly considered theoretically 

synonymous systems. On this basis it has been previously suggested, and is argued here, 

that high trait BAS sensitivity should be reflected in enhanced left frontal activity at 

baseline (Harmon & Jones, 1997; Sutton & Davidson, 1997). As well, individual 

differences in trait BAS sensitivity will be reflected in the degree of left frontal activity 

elicited in response to cues of reward/relief from punishment, that is, those that elicit 

approach motivation. Based on the collective findings of Harmon-Jones and colleagues 

(Harmon-Jones & Sigelman, 2001; Harmon-Jones et al., 2002; 2003; 2006), it is also 

tentatively proposed that BAS reactivity, reflected in the degree of left frontal activity in 

response to reward cues, will provide a more sensitive measure of individual differences 

in trait BAS than left frontal activity measured during a resting baseline.

5.1.2 The Fight Flight Freeze System and Right Frontal Activity

Davidson (1998) stated that a second system that is neurally separable and 

conceptually orthogonal to the approach system recruits the right prefrontal region in 

mediating withdrawal from signals of punishment. In Gray's model, the FFFS mediates 

withdrawal from signals of punishment/non-reward and is conceptually orthogonal to 
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the BAS. The BIS, on the other hand, facilitates approach to sources of punishment/non-

reward stimuli, thus directionally opposite to the FFFS and also to Davidson's 

withdrawal theory of right frontal activity. Thus it is simply argued that if Gray's model 

is to be applied to anterior asymmetry, right frontal activity at baseline would reflect 

trait FFFS sensitivity, and state changes in right frontal activity in response to a signals 

of punishment/ non-reward would reflect activation in the FFFS. Again, based on the 

findings of Harmon-Jones and colleagues (Harmon-Jones & Sigelman, 2001; Harmon-

Jones et al., 2002; 2003; 2006), it is proposed that FFFS reactivity, reflected in the 

degree of right frontal activity to punishment/non-reward cues will provide a more 

sensitive measure of trait individual differences in the FFFS sensitivity than activity 

recorded during a resting baseline.

A core feature of Gray's RST is the fear = frustration hypothesis (Gray, 1987). 

Gray (1982; 1987; Gray & McNaughton, 2000) has observed that behavioural responses 

to non-reward are functionally indistinguishable from those to potential punishment and 

are influenced in the same manner by lesions/pharmacological manipulations. It was 

hence argued that responses to these two types of stimuli must activate the same 

underlying system, the FFFS. Davidson (1998; 2004) does not address frustrative non-

reward in his discussion of the withdrawal system. As will be highlighted below, this 

may underlie some of the interpretive issues encountered within anterior asymmetry 

research.

5.1.3 The Behavioural Inhibition System and Anterior Asymmetry

In Chapter 4, a variety of evidence was presented which points to a role of the 

ventromedial prefrontal cortex in higher level BIS functioning. As Davidson (2004) 

points out, it is unlikely that activity in this region would contribute to EEG activity 

measured at frontal locations. Also, conceptually, the BIS does not directly mediate 
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approach to reward or withdrawal from punishment. It is therefore argued that BIS 

activity is not directly reflected in left or right scalp-recorded frontal EEG activity. 

However, as goal-activation (e.g., approach to reward) equates to activation in the 

relevant system (e.g., the BAS), it is plausible to propose that BIS mediated recursive 

updating of BAS and FFFS goals may be  accompanied by enhanced activity in the 

neural circuitry underlying each system, that is, the left and right prefrontal cortices. 

5.1.4 Conceptual Overlap between Gray's BIS and FFFS and Davidson's Withdrawal 

System

Gray and McNaughton (2000) draw a clear distinction between the behaviours 

(and inherently, emotions) that are elicited when a threat must be avoided (FFFS 

mediated fear) and those that are elicited when a threat must be approached (BIS 

mediated anxiety). This view differs markedly from Davidson's (1998; 2002; 2004), 

which sees all behaviours (and emotions) elicited in response to threat as mediated by 

the one withdrawal system. Indeed, emotion researchers generally belong to one of two 

distinct schools of thought, one which views fear and anxiety as distinct constructs, and 

another which applies the terms interchangeably to the same phenomena (for a review 

of this issue see Depue, 1995; 1996; White & Depue, 1999). On a practical level, this 

means that behaviours/self-reported affect/states operationalised by Davidson in relation 

to withdrawal system output would be considered by Gray to arise from the BIS in some 

instances and the FFFS in others. Table 5-1 provides an overview for  the reader of the 

conceptual overlap between Davidson's withdrawal system and Gray's BIS and FFFS. 

This will provide a guide when considering the predictions of the original AAE model 

relative to the revised conceptualisation of anterior asymmetry based on Gray's RST. 

To summarise, it is proposed here that anterior asymmetry reflects relative 

activity of the BAS and the FFFS.  In aligning the BAS and FFFS with left and right 
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System Characteristic Gray's BIS Gray's FFFS Davidson's Withdrawal System

Conditions for activation BIS activation (and hence anxiety) is 
the result of  conflict between 
concurrent and equivalent activation of 
two or more incompatible goal-states. 
Goal conflict is a requirement for BIS 
activation and hence a requirement for 
the elicitation of anxiety.

FFFS activation, and hence the 
elicitation of fear, is the result of the 
perception of potential punishment or 
frustrative non-reward.

The withdrawal system is activated by 
the perception of potential punishment 
which can lead to the generation of 
fear and/or anxiety. Goal-conflict is 
not a necessary requirement for the 
elicitation of anxiety or fear.

Functional purpose The purpose of the BIS is to mediate 
approach to (or withhold approach for 
the purpose of risk assessment) a 
source of potential punishment 
(defensive approach) not 
avoidance/withdrawal.

The purpose of the FFFS is to mediate 
withdrawal from/avoidance of a 
source of potential punishment/ 
frustrative non-reward (defensive 
avoidance). 

The purpose of the withdrawal system 
is to mediate withdrawal 
from/avoidance of a source of 
potential punishment. No role is  
postulated in relation to frustrative 
non-reward.

Functional output Behavioural inhibition, enhanced 
arousal, increased vigilance and 
attention to signals of threat are 
functional outputs of the BIS.

Enhanced arousal and preparation of 
defensive avoidance responses are 
functional outputs of the FFFS.

Behavioural inhibition, enhanced 
arousal, increased vigilance and 
attention to signals of threat and 
preparation of defensive avoidance 
responses are regarded as  functional 
outputs of the withdrawal system; 

Fear versus anxiety Anxiety is a manifestation of BIS Fear is a manifestation of FFFS Fear and Anxiety are both considered 

Table 5-1.

A comparative overview of Gray's BIS and FFFS relative to Davidson's withdrawal system.
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System Characteristic Gray's BIS Gray's FFFS Davidson's Withdrawal System
activation. activation. to be manifestations of withdrawal 

system activation.
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frontal EEG activity, it is tentatively implied that the specific prefrontal regions 

involved are dorsolaterally located (see Davidson, 1998; 2004; Pizzagalli et al., 2005). 

An issue raised within Chapter 2 and 3 is the tenuous conceptual link between 

tasks/measures employed to test the anterior asymmetry model (e.g., trait scale of the 

PANAS; Watson et al., 1988) and the approach/withdrawal systems purported to 

underlie anterior asymmetry. Similarly, testing the revised conceptualisation of anterior 

asymmetry presented here critically depends upon the operationalisation of the BAS, 

FFFS and BIS constructs at both a state and trait level. 

Although BAS measures are discussed at times below, the relationship between 

BAS and left frontal activity is not central to the current research for a number of 

reasons. Firstly, there exists considerable conceptual overlap between the BAS as 

proposed by Gray (in particular see Pickering & Gray, 1999) and Davidson's approach 

system (Davidson, 1998; 2004). That is, although Gray's BAS is perhaps a more 

theoretically refined construct, both systems are thought to mediate the same responses 

to the same set of stimuli, to underlie the same fundamental trait individual differences 

and, in turn, vulnerability to the the same set of clinical disorders (Davidson, 1998; 

2004; Miller & Tomarken, 2001; Pickering & Gray, 1999). Secondly, because the BAS 

was not an object of the revisions introduced by Gray and McNaughton (2000), 

previous measures developed to gauge individual differences in BAS sensitivity such as 

the Carver and White (1994) BAS scales and the Sensitivity to Reward scale of the 

Sensitivity to Punishment and Sensitivity to Reward Questionnaire (SPSRQ; Torrubia et 

al., 2001) and behavioural paradigms for examining trait and state BAS 

sensitivity/activity remain valid measures within the context of the revised RST. As a 

consequence, many of the anterior asymmetry studies undertaken to date have employed 

measures directly relevant to the the relationship between Gray's BAS and left frontal 
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activity/asymmetry. 

Several studies have demonstrated that behavioural indices of reward sensitivity 

are positively related to left frontal activity (Miller & Tomarken, 2001; Pizzagelli et al., 

2005; Sobotka et al., 1992). As well, five of 6 studies undertaken to date have reported 

that greater left frontal activity at baseline is associated with higher scores on the Carver 

and White (1994) BAS scale (Amodio et al., 2008; Coan & Allen, 2003; Diego et al., 

2001; Harmon-Jones & Allen 1997; Sutton & Davidson, 1997). In sum then, this aspect 

of the revised conceptualisation of anterior asymmetry based on Gray's RST has already 

received some empirical validation. Where the two theories significantly diverge is with 

regards to the conceptual overlap between Gray's FFFS and BIS constructs and 

Davidson's Withdrawal System. It is this issue which is yet to receive sufficient 

empirical attention and is critical to the revised conceptualisation presented here. 

Validation of the revised conceptualisation is thus hinges upon the development of 

measures/tasks which can clearly distinguish between state and trait BIS and FFFS. The 

remainder of this chapter will attempt to address this issue, beginning with an extensive 

examination of  existing personality measures. 

5.2 Trait Self-Report Measures and the Revised RST

5.2.1 Trait Sensitivity in the BAS, FFFS and BIS.

As noted above, the BAS was not an object of the revisions to RST introduced 

by Gray and McNaugton (2000), thus measurement of trait sensitivity in the BAS is not 

of central concern here. In contrast, the nature of trait sensitivity in the BIS and FFFS 

has been substantially affected by theoretical revisions to these systems. Importantly, 

Gray and McNaughton (2000) did not address how trait sensitivity in the FFFS and BIS 

might be expected to be manifest. Furthermore, though some views have been offered 

(e.g., Perkins & Corr, 2006; Smillie, Pickering & Jackson, 2006), a systematic and 
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decisive discussion of this matter is still wanting. Thus the purpose of the following 

section is to offer clear models of trait BIS and FFFS sensitivity. These will in turn 

provide a framework for evaluating the relevance of existing self-report measures to 

tests of the revised RST.

Although these proposed models are original in nature they are derived directly 

from the models of BIS and FFFS presented by Gray and McNaughton (2000) and 

McNaughton and Corr (2004) and reviewed in Chapter 4. For completeness, a model of 

trait BAS sensitivity is also presented, but is based on that previously stipulated by 

Pickering and Gray (1999).

5.2.1.1 Trait BAS sensitivity. Individual differences in trait BAS sensitivity relate 

to the threshold of BAS activation to cues of reward and relief from punishment 

(Pickering & Gray, 1999). This will manifest itself in the propensity of an individual to 

approach/experience approach-related affect in response to said cues. As well, 

individual differences in trait BAS sensitivity will mediate the rate of acquisition of 

reward (or relief/safety from punishment) contingent relationships as well as 

performance under a reward/relief from punishment schedule (Pickering & Gray, 1999). 

The high trait BAS individual should exhibit generally enhanced approach in situations 

of potential reward such as achievement at work or studies, the attention of an attractive 

stranger, approval or praise from ones peers, winning a competition, obtaining a pay 

rise, and the use of alcohol or drugs. They would thus exhibit a general tendency to seek 

out enjoyable experiences as well as general drive for success and social approval, a 

high level of competitiveness and greater sociability. As high trait BAS sensitivity 

results in enhanced drive to approach sources of potential reward, high trait BAS 

individuals will in turn experience a greater frequency of affect associated with the 

receipt of reward (e.g., happiness, satisfaction, elation, pride). Consequently, high trait 



172

BAS individuals would also be expected to report generally enhanced positive affect. 

Critically, this is not implying that the BAS mediates the consummatory aspects of 

appetitive behaviour, as it does not. Nevertheless, by virtue of enhanced approach to 

reward, high trait BAS sensitivity should be correlated with enhanced positive affect 

associated with reward consumption. 

5.2.1.2 Trait FFFS sensitivity. As illustrated in Figure 4-2, the role of the FFFS 

in relation to punishment/frustrative non-reward now mirrors that of the BAS for 

reward/relief from punishment (Gray & McNaughton, 2000; McNaughton & Corr, 

2004). High trait FFFS sensitivity will be reflected in a greater propensity to exhibit 

avoidance-related behaviour and affect (e.g., disgust, distress, fear) in response to 

stimuli/circumstances perceived as aversive. Thus individuals high on trait FFFS will be 

characterised by enhanced reactivity to/motivation to avoid all forms of frustrative non-

reward or punishment, such as failure to receive a promotion when one was expected, 

monetary loss, social rejection or ridicule, poor marks on an exam or physical or 

psychological discomfort. Greater sensitivity to frustrative non-reward/ punishment 

should also result in greater attention to cues of “threat”, more worry and arousal as well 

as generally enhanced levels of avoidance-related (thus negative) affect. High trait FFFS 

sensitivity will also lead to faster acquisition of punishment/non-reward contingent 

relationships/behaviour and will mediate performance under a punishment schedule 

(Gray & McNaughton, 2000; Gray, 1987). Because they exhibit superior aversive 

conditioning, high trait FFFS individuals are also likely to exhibit a greater number of 

fears (Perkins & Corr, 2006). Finally, avoidance of an aversive stimulus/event typically 

requires approach to a cue of safety/relief from the aversive stimulus/event (Gray & 

McNaughton, 2000). As a consequence, enhanced sensitivity in the FFFS should in turn 

result in greater approach to cues of safety/relief from punishment/distress. Again, 
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although the approach to cues of safety is ultimately mediated by the BAS, the initial 

motivation to approach/detect said cues is related to trait FFFS sensitivity.

5.2.1.3 Trait BIS sensitivity. In contrast to the FFFS and BAS, the BIS is not 

directly activated by cues of punishment/frustrative non-reward or reward/relief from 

punishment. As outlined in Figure 4-2 the BIS now exists as a higher-order system of 

control which is activated only when conflict exists between two or more BAS/FFFS 

mediated goals. Individual differences in trait BIS sensitivity relate to the degree of 

conflict that must exist for BIS activation to occur (McNaughton & Corr, 2004). High 

trait BIS sensitivity will result in a greater propensity to exhibit behavioural inhibition, 

arousal, risk assessment and exploratory behaviour in response to conflict between two 

or more concurrently activated and incompatible goals or between expected and actual 

outcomes (Gray & McNaughton, 2000; McNaughton & Corr, 2004). Importantly, whilst 

high trait FFFS and BAS sensitivity result in a greater propensity to express prepotent 

avoidance/approach goals, high trait BIS sensitivity would be associated with a greater 

capacity and propensity to inhibit prepotent approach/avoidance goals. As a 

consequence of the need, as a participant in modern society, to constantly decide 

between a plethora of behavioural options, the high trait BIS individual is likely to be 

characterised by a high degree of indecision and worry as well as careful and controlled/ 

constrained behaviour. Furthermore, uncertainty and novel situations are likely to 

distress (BIS activation resulting in arousal and worry) an individual characterised by 

high trait BIS sensitivity. As well, according to Gray and McNaughton (2000), BIS 

activation has a negative-bias which favours avoidance over approach under approach-

avoidance conflict. It could thus be extrapolated that high trait BIS sensitive individuals 

would be more inclined to avoid novel situations which inherently elicit approach-

avoidance conflict.
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5.2.2 Former Measures of BIS and FFFS.

Several measures have been developed or otherwise commonly employed for the 

purpose of gauging trait BIS sensitivity based on the original RST (Gray, 1982). These 

include the BIS scale of the Carver and White (1994) BIS/BAS scales (viz., CW-BIS), 

the Sensitivity to Punishment (SP) scale of Torrubia, Avila, Molto and Caseras (2001) 

SPSRQ; and the Gray-Wilson Personality Questionnaire (GWPQ; Wilson, Barratt, & 

Gray, 1989). Interestingly, Gray himself was involved in the development of the GWPQ 

(Wilson et al., 1989) which includes scales designed to measure both the earlier BIS 

(passive avoidance, extinction) and FFFS (active avoidance, fight, flight) constructs. 

Although GPWQ scales exhibit good face validity, they have been found to exhibit poor 

test-retest reliability, and unsatisfactory internal consistency and construct validity 

(Caseras, Avila, & Torrubia, 2003).  No other scales have since been developed for the 

purpose of measuring trait FFFS sensitivity. Finally, although not specifically designed 

for this purpose, the most commonly administered measure of trait BIS sensitivity prior 

to the construct's revision is the trait scale of the STAI (STAI-T; Spielberger et al., 

1983). In contrast to the GWPQ, the SP, CW-BIS and STAI-T scales all exhibit very 

good validity and reliability (see Table 8-2). Although other measures have been 

employed as putative indices of the former BIS construct, the three outlined exhibit the 

strongest psychometric properties and are by far the most commonly administered in the 

context of the original RST (Caseras et al., 2003; Torrubia et al., 2001; Cogswell, Alloy, 

van Dulmen, & Fresco, 2005).

The substantial revisions to the BIS and FFFS constructs are likely to hamper the 

relevance of previously administered BIS measures to tests of the new theory. The most 

significant revision in this regard concerns the stimulus conditions now thought to 

activate the BIS and FFFS. Originally, the perception of conditioned punishment 
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stimuli, frustrative non-reward or innate fear stimuli was thought to lead directly to BIS 

activation. Such stimuli are now regarded as sufficient conditions for FFFS activation 

but will only result in BIS activation if their presence conflicts with on-going goal-

directed behaviour (Gray & McNaughton, 2000). Thus, within the revised theory, it is 

trait FFFS and not trait BIS sensitivity that directly mediates reactivity to these stimuli 

(McNaughton & Corr, 2004). Importantly, the one aspect which has been maintained 

despite the latest RST revisions is behavioural inhibition as the hallmark of BIS 

activation (Gray, 1982; Gray & McNaughton, 2000). 

Only a few studies to date have attempted to address the applicability of former 

measures of the BIS to tests of the revised theory. Perkins and Corr (2006) utilised an 

instrument developed by D.C. Blanchard, Hynd, Minke, Minemoto, and R.J. Blanchard 

(2001) to measure human defensive reactions to hypothetical threat scenarios. Self- 

reported responses on this measure can be coded for defensive direction (defensive 

approach or defensive avoidance) and defensive distance (intensity of perceived threat). 

They presented this instrument along with the STAI-T, EPQ-R, the BIS/BAS scales and 

the Fear Survey Schedule (FSS; Wolpe & Lange, 1977) and examined the relationships 

with a series of bivariate correlations. They found that high CW-BIS was associated 

with lower defensive distance (greater perceived threat), whilst psychoticism (EPQ-R) 

was associated with greater defensive distance (smaller perceived threat). Critically, in 

terms of defensive direction, high scores on CW-BIS and FSS were associated with 

defensive avoidance (FFFS), whilst high psychoticism was associated with defensive 

approach (BIS). On the basis of bivariate correlations, scores on the STAI-T appeared to 

be unrelated to both defensive distance and defensive approach. However, when shared 

variance between CW-BIS, FSS and psychoticism and STAI-T was partialled out in a 

multiple regression model, higher scores on the STAI-T also predicted greater defensive 
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approach, whilst CW-BIS still predicted defensive avoidance. The findings of Perkins 

and Corr (2006) thus support the assertion that the CW-BIS is differentially sensitive to 

trait FFFS.  Furthermore, the fact that the relationship between STAI-T and defensive 

approach appeared only after variance shared with measures sensitive to trait FFFS 

(CW-BIS, FSS) was removed, supports the notion that the STAI-T is sensitive to both 

trait BIS and FFFS.

Perkins et al. (2007) examined the extent to which the STAI-T and FSS, as 

measures trait anxiety and  trait fear, predict unique variance in performance within a 

threat context (hypothetical tactical combat scenarios). They found that scores on the 

STAI-T and FSS did indeed predict unique variance in performance (both predicting 

poorer overall tactical combat performance), which they viewed as support for Gray and 

McNaughton's (2000) fear/anxiety distinction. However, several issues with Perkins et 

al.'s (2007) approach should be noted. Firstly, although hypothetical, tactical, combat 

scenarios appear to present a valid paradigm for assessing defensive behaviour, Perkins 

et al. (2007) fail to stipulate how performance was operationalised (e.g., what 

constitutes poor performance). Thus the extent to which performance within these 

scenarios is conceptually linked to BIS and FFFS is unclear. Secondly, Perkins et al. 

(2007) selected the STAI-T and FSS to test Gray and McNaughton's (2000) anxiety/fear 

distinction purely on the basis of face validity. In the absence of evidence demonstrating 

construct validity of the STAI-T and FSS as measures of trait BIS and FFFS sensitivity 

respectively, the fact that they share the labels “anxiety” and “fear” speaks little to their 

validity as measures of the revised constructs. Finally, the fact that scores on the STAI-T 

and FSS were found to predict performance in the same direction (i.e., both predicting 

poorer performance) does not provide strong evidence that they are indexing 

independent dimensions. They may instead be capturing unique variance within the 
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same underlying dimension. With these considerations in mind, the findings of Perkins 

et al. (2007) are of questionable relevance to Gray and McNaughton's (2000) 

fear/anxiety distinction.

A handful of studies have also explored whether individual differences in former 

BIS measures predict grey-matter volumes in neuroanatomical regions considered to 

underlie the BIS and FFFS. Barros-Loscertales et al. (2006) found that higher scores on 

the SP were associated with enhanced amygdala, hippocampal and parahippocampal 

volume, which suggests sensitivity to both trait BIS and FFFS. In a large sample 

(n=399) of middle-aged individuals CW-BIS scores were found to be positively related 

to hippocampal volume but not amygdala volume (Cherbuin et al., 2008),  suggesting a 

sensitivity to trait BIS but not FFFS. In contrast, although Gray et al. (2005) did not 

examine brain volume, they found that CW-BIS was associated with sustained activity 

in the anterior cingulate that was independent of the task conditions, here being a 

working memory task. As the anterior cingulate is aligned by Gray and McNaughton 

(2000) with the FFFS, this suggests that CW-BIS scores may reflect trait FFFS 

sensitivity.  

Several studies have also examined neurobiological correlates of the STAI-T 

scores. In a depressed and nondepressed sample, higher scores on the STAI-T were 

found to be associated with greater hippocampal volume (Rusch, Abercrombie, Oakes, 

Schaefer & Davidson, 2001). In contrast, Gallinat et al. (2005) reported a negative 

correlation between scores on the STAI-T and N-Acetylaspartate (NAA) concentrations 

in the hippocampus. Higher concetrations of NAA are considered to be a marker of 

neuronal and axonal density (Ross and Blum, 2001), thus their findings indicate that 

high scores on the STAI-T are related to reduced neuronal and axonal density in the 

hippocampus. In other words, while both studies suggest that the STAI-T may be 
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sensitive to trait BIS, their findings directly contradict each other, with Gallinat et al's 

(2005) suggesting higher scores on the STAI-T may be associated with lower trait BIS. 

Although, surprisingly, there appears to be no prior research examining amygdala grey 

matter volume as a function of STAI-T scores, higher scores on the STAI-T have been 

associated with enhanced amygdala responses to unattended or masked fear-relevant 

stimuli (Dickie & Armony, 2008; Etkin et al., 2004), potentially suggesting a sensitivity 

to trait FFFS.

Finally, two studies have examined the relationship between scores on the STAI-

T and benzodiazepine receptor density. In a group of individuals with and without Panic 

Disorder, Brandt et al. (1998) observed no relationship between scores on the STAI-T 

and benzodiazepine receptor density in cortical regions (including orbitofrontal regions) 

or limbic regions (including hippocampal regions). Similarly, Abedie, Boulenger, 

Benali, Barre, Zarifan, and Baron (1999) found no relationship between benzodiazepine 

receptor density in cortical (including medial prefrontal) and cingulate regions and 

STAI-T scores among both healthy controls and a clinically anxious sample (a mixed 

sample of individuals with both Generalised Anxiety Disorder and Panic Disorder). 

Although Abedie et al. (1999) did not examine receptor density in hippocampal regions, 

their findings, taken together with those of Brandt et al. (1998), provide some evidence 

against the use of the STAI-T as a measure of trait BIS sensitivity. 

In sum, although various measures have been applied to tests of the earlier BIS 

construct, the three most commonly employed are the CW-BIS, SP and the STAI-T. 

Whilst CW-BIS and SP were specifically designed to measure individual differences in 

the former BIS construct, the relevance of all three measures to the new BIS and FFFS 

constructs is unclear. Revisions to the models of FFFS and BIS have resulted in a 

number of key characteristics previously subsumed under the former BIS construct now 
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being attributed to the FFFS; whilst characteristics such as behavioural inhibition have 

been conserved within the new BIS model. On this basis, scores on measures designed 

to gauge trait individual differences in sensitivity/reactivity of the former BIS, may now 

reflect individual differences in both trait BIS and FFFS sensitivity. A review of recent 

experimental  (Perkins and Corr, 2006) and neuroimaging evidence (Barros-Loscertales 

et al., 2006; Cherbuin et al., 2008; Dickie & Armony, 2008; Etkin et al., 2004; Gallinat 

et al., 2005; Gray et al., 2005) suggests that this may be the case. It is stressed, however, 

that the evidence discussed here is very limited and at points contradictory (e.g., 

Gallinat et al., 2005; Rusch et al., 2001) thus future studies are clearly needed before 

any conclusions regarding the applicability of SP, STAI-T and CW-BIS to the revised 

BIS and FFFS models can be drawn.

To date, attempts to identify valid measures of trait BIS and FFFS sensitivity 

have largely focused on examining the validity of former BIS measures with respect to 

the revised trait BIS and FFFS. In so doing, researchers seem to have overlooked a 

fundamental structural shift in RST from a model which focuses on the BIS and BAS as 

the primary mediators of behaviour to a clear BIS, BAS and FFFS structure, with the 

FFFS, which took a back seat in the original model, now taking on many of the 

characteristics previously aligned with the BIS. As a consequence of this shift, the 

revised RST is now more in accordance with various trait and temperament models 

which have consistently identified three fundamental dimensions of personality and 

temperament. The following section will explore the convergence between Gray's 

revised RST and current three factor models of personality/temperament and the extent 

to which this may inform the selection of valid measures of trait BIS and FFFS 

sensitivity.
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5.2.3 Three Factor Personality/Temperament Models. 

The neurobiological basis of personality according to the original RST was 

primarily attributed to individual differences in the BAS and BIS (Gray, 1970; 1982; 

1987). Individual differences in BAS sensitivity were said to be reflected in affective 

and behavioural responses (excitement, drive, potency) to conditioned reward/relief 

from punishment, whilst individual differences in BIS sensitivity were reflected in 

responses (anxiety/behavioural inhibition) to conditioned punishment/frustrative non-

reward. Whilst the FFFS was proposed as a third system of control, took a backseat in 

the original model, being charged only with the mediation of behavioural/affective 

responses to unconditioned (innate) punishment (Gray, 1970; 1982; 1987). 

The structure of the original RST, with its focus on the BIS and BAS, contrasted 

with emergent trait and temperament models at the time which consistently identified 

either three or five primary dimensions of personality/temperament. H.J. Eysenck was 

the first to formally propose a three-factor model of personality with his Extraversion, 

Neuroticism and Psychoticism dimensions (H.J. Eysenck, 1967; H.J. Eysenck & 

Eysenck, 1985). Several years on, Tellegen (1982; 1985) introduced his 

Multidimensional Personality Questionnaire (MPQ), which measures individual 

differences on three “superfactors” of Positive Emotionality, Negative Emotionality and 

Constraint. Watson and Clark (1993) followed suit with their Negative Temperament, 

Positive Temperament and Disinhibition factors, which are the three higher order factors 

of the General Temperament Survey (GTS). Similarly, with his Tridimensional 

Personality Questionnaire (TPQ), Cloninger (1986;1987) proposed what he argued were 

genotypically independent dimensions of Reward Dependence, Novelty Seeking and 

Harm Avoidance. Finally, in a more recent structural analysis of their Child Behaviour 

Questionnaire (CBQ), Rothbart, Ahadi, Hershey, and Fisher (2001) identified three 
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major dimensions of temperament which they labeled Extraversion (Surgency), 

Negative Affectivity and Effortful Control. Their dimensions were conceptually highly 

similar to three factors extracted from a structural analysis of various parent report 

questionnaires conducted as part of the Australian Temperament Study (Sanson, Smart, 

Prior, Oberklaid, & Pedlow, 1994).

Whilst the above models vary at a nomonological level, the three factors 

proposed by each exhibit considerable conceptual and psychometric overlap (Carver, 

2005; Dawe & Loxton, 2004; Depue & Collins, 1999; Watson et al., 1994). It has been 

argued that trait and temperament models exhibit such convergence because each is 

tapping into the same three fundamental dimensions (Carver, 2005; Depue, 1995; Depue 

& Collins, 1999). Extraversion (EPQ-R), Positive Emotionality (MPQ), Positive 

Affectivity (CBQ), Positive Temperament (GTS) and, less reliably so, Reward 

Dependence (TPQ) all appear to be measuring individual differences in an 

extraversion/positive emotionality dimension characterised by positive affect and 

behavioural approach/activation as underlying processes and socio-environmental 

manifestations of these processes such as achievement, competitiveness, social potency 

and affiliation (Carver, 1995; Depue, 1995; Depue & Collins, 1999; Watson, Clark, & 

Harkness, 1994; Waller, Lilienfeld, Tellegen, & Lykken, 1991). In contrast, Neuroticism 

(EPQ-R), Negative Emotionality (MPQ), Negative Affectivity (CBQ), Negative 

Temperament (GTS) and to a somewhat lesser extent, Harm Avoidance (TPQ), appear 

to be gauging individual differences in a second affective dimension associated with 

enhanced reactivity to stress and/or aversive events/stimuli and a focus on negative 

views of self and the world. This tends to manifest itself in negative affect/discomfort 

across a broad range of situations and a proneness to fear, worry, apprehension, 

frustration and irritability as well as sensitivity to criticism and ridicule and a general 
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view of events as threatening and problematic (Depue, 1995; Watson et al., 1994; Waller 

et al., 1991). The final dimension onto which Constraint (MPQ), Disinhibition (GTS), 

Effortful Control (CBQ), Psychoticism (EPQ-R) and Novelty Seeking (TPQ) all appear 

to commonly load is a constraint/impulse control dimension which acts to modulate 

motor, cognitive and affective responses produced by either of the two previously 

described affective systems (Carver, 2005; Depue & Collins, 1999; Waller et al., 1991). 

Conceptually, this dimension is most accurately captured by Tellegen's (1982; 1985) 

Constraint (Depue & Collins, 1999). High levels of Constraint are associated with 

restrained, inhibited and carefully planned behaviour, difficulty making decisions, and 

an aversion to novel/risky situations (Tellegen, 1982; 1985; White & Depue, 1999).

Five factor models originally developed from a reduction of trait terms into 

synonymous categories (e.g., Cattell, 1945; 1946) with researchers ultimately agreeing 

that a robust five-factor model sufficiently described the structure of trait terms (e.g., 

Borgatta, 1964; Costa & McCrae, 1992; Norman, 1963). Various five factor models 

have been proposed (e.g., Borgatta, 1964; Costa & McCrae, 1992; Norman, 1963), but 

the factors derived by each generally include: extraversion or surgency, neuroticism or 

emotionality, agreeableness, conscientiousness and openness to experience or 

intelligence (for review see Digman, 1990). Although the five-factor model has been 

found to exhibit cross-cultural replicability and robustness across various populations 

(see Digman, 1990 for review), researchers have demonstrated that variance in at least 

four of the five factors (extraversion, neuroticism, agreeableness, and 

conscientiousness) can be effectively accounted for by a three factor solution (Church, 

1994; Watson & Clark, 1992; Watson et al., 1994). The extraversion and neuroticism 

factors exhibit substantial overlap with Positive and Negative Emotionality, Positive and 

Negative Affectivity and EPQ-R Extraversion and Neuroticism respectively (Church, 
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1994; Depue & Collins, 1999; Markon, Krueger & Watson, 2005; Watson & Clark, 

1992; Watson et al., 1994). Finally, both agreeableness and conscientiousness are 

negatively related to Disinhibition and Pscyhoticism and positively related to Constraint 

(Church, 1994; Depue & Collins, 1999; Markon et al., 2005; Watson & Clark, 1992; 

Watson et al., 1994). 

Finally, evidence of three primary factors also emerges when examining the 

factor structure of common psychiatric disorders. Based on data from the National 

Comorbidity Survey (N = 8098) Krueger (1999) examined the factor structure of eleven 

common psychiatric disorders (Major Depressive Episode, Dysthymia, Generalised 

Anxiety Disorder, Social Phobia, Simplie Phobia, Agoraphobia, Panic Disorder, Alcohol 

Dependence, Drug Dependence and Antisocial Personality Disorder). They compared 

one, two, three and four factor structures and found a factor structure with three primary 

factors of Anxious-Misery, Fear and Externalising, exhibited the best model fit. 

Significantly, the loading of anxiety-related disorders onto the Anxious-Misery 

(Generalised Anxiety Disorder) and Fear (Social Phobia, Simple Phobia, Agoraphobia 

and Panic Disorder) factors matches the typology of anxiety (BIS) and fear (FFFS) 

derived disorders postulated by Gray and McNaughton (2000). 

5.2.4 Gray's revised RST and the Three Factors Models.

Since the revisions to RST introduced by Gray and McNaughton (2000), the 

three fundamental neurobiological systems, BAS, FFFS and BIS, have come to display 

considerable resemblance to the three dimensions outlined above. 

5.2.4.1 Trait BAS and extraversion/positive emotionality. Of the three trait 

dimensions, trait BAS displays the clearest conceptual convergence with the 

extraversion/positive emotionality dimension. However, this position is clearly in 

conflict with Gray's (1970) original assertion that trait BAS sensitivity should be 
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aligned with impulsivity which is psychometrically rotated 45 degrees away from 

extraversion (see Figure 4-1). Gray (1970) argued that extraversion instead reflects a 

combination of high trait impulsivity and low trait anxiety, with the latter two presenting 

manifestations of the underlying neurobiolgical systems. However, several 

counterpoints to this position exist which suggest that BAS may indeed be more closely 

aligned with the extraversion/positive-emotionality dimension than originally thought. 

Firstly, Dawe and Loxton (2004) observed that measures employed to index 

individual differences in Gray's impulsivity in fact load on two separate factors, one 

which reflects rash impulsiveness, or the tendency to act without consideration of 

consequences, and another which reflects reward sensitivity or drive. Table 5-2 outlines 

these measures according to whether they load on rash impulsiveness or reward 

drive/sensitivity. Notably, those measures specifically developed to assess individual 

differences in BAS sensitivity, such as the Sensitivity to Reward (SR) scale from the 

SPSRQ and Reward Drive and Reward Responsivity from the Carver and Whites 

BIS/BAS scales, load more strongly on the reward drive and sensitivity factor. The one 

exception here is the BAS Fun Seeking scale which appears to reflect Rash 

Impulsivness versus Reward Drive/Sensitivity as indicated in Table 5-2. Dawe and 

Loxton (2004) suggest that instead of aligning trait-BAS with measures of impulsivity, 

it is more accurately captured by measures which load on reward sensitivity/reward 

drive. In contrast, rash impulsiveness measures appear to be loading on a separate 

dimension associated with poor inhibition of prepotent behavioural responses in the face 

of adverse consequences. 

The distinction between reward drive/sensitivity and rash impulsiveness is given

functional significance by Dawe et al. (2004) in the development and maintenance of 

substance dependence. Whilst both reward drive/sensitivity and rash impulsiveness 
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Scale Developer

Rash Impulsiveness

I7-Impulsiveness Scale
H.J. Eysenck and 
Eysenck (1985)

Novelty Seeking Scale - Tridimensional Personality 
Questionnaire (TPQ) Cloninger (1987)

Sensation Seeking Scale Zuckerman (1994)

Barrett Impulsiveness Scale
Patton, Stanford, and 
Barrett (1995)

BAS-Fun Seeking -  BIS/BAS Scales. Carver and White (1994)

Reward Drive/Sensitivity

BAS-Drive - BIS/BAS Scales. Carver and White (1994)

BAS Reward Responsiveness - BIS/BAS Scales. Carver and White (1994)

Sensitivity to Reward (SR) - Sensitivity to Reward and 
Sensitivity to Punishment Questionnaire (SPSRQ) Torrubia et al. (2001)

measures have been linked to substance dependence (for review see Dawe et al., 2004), 

Dawe et al. (2004) argue that they play distinct roles. Trait reward drive/sensitivity 

mediates the initial salience and incentive value of drug-related cues (CS-rew+); that is, 

thedegree to which such stimuli activate the BAS and the speed and strength of 

acquisition of the conditioned approach response. In contrast, high rash impulsiveness 

acts to maintain the approach response to drug-related cues despite adverse 

consequences such as growing debt, relationship breakdown and withdrawal symptoms 

Note  Table reproduced from that published in Dawe and Loxton (2004, p. ). For individual factor analysis 
studies see Caseras et al. (2003); Miller, Joseph, and Tudway (2004) and Quilty and Oakman (2004).

Table 5-2.

Self-Report Measures that Either Load on a Rash Impulsiveness Factor or a Reward 

Drive/Sensitivity Factor 
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(Dawe et al., 2004). 

This model is in accord with current understanding of the neurobiological basis 

of addiction which also implicates two distinct neurobiological processes in the 

initiation and maintenance of drug dependence (for reviews see Di Chiara & Bassareo, 

2007; Robinson & Berridge, 2003; Volkow, Fowler, Wang, Baler, & Telang, 2009). The 

initial salience and reinforcing qualities of the drug have been linked to activity within 

mesolimbic dopamine pathways (Kelley & Berridge, 2002; Robinson & Berridge, 2003; 

Volkow et al., 2009). Robinson and Berridge (2003) further argue that continued drug 

use sensitises the mesolimbic dopamine circuits, enhancing the learned association 

between drug-cues and effects and in turn increasing the power of drug cues to elicit 

craving. Enhanced individual sensitivity to the rewarding/reinforcing properties of 

drugs have been specifically associated with reduced striatal D2  (inhibitory dopamine 

receptor) transmission (Melis, Spiger, & Diana, 2005). This results in a reduced 

threshold for activation in the nucleus accumbens and is thought to underlie 

vulnerability to the initiation of drug use (Volkow et al., 2002). Critically, this research 

is consistent with the proposed neurobiological mechanisms underlying trait BAS 

sensitivity (Dawe et al., 2004; Pickering & Gray, 1999) as well as some recent findings 

linking trait reward drive/sensitivity to genetic markers of D2 receptor density (Lee, 

Ham, Cho, Li, & Shim, 2007; Reuter, Schmitz, Corr, & Hennig; 2006). 

The second neurobiological process involves orbitofrontal/ventromedial regions 

in the maintenance of addictive behaviours. As documented in Chapter 4, orbitofrontal/ 

ventromedial prefrontal regions are involved in monitoring and updating reinforcement 

contingencies and making decisions/guiding behaviour in response to these new 

reinforcement contingent relations (Bechara et al., 1994; Damasio, 1994; Rolls et al., 

1994; Elliot, Dolan, & Frith, 2000). Anatomically, these functions are supported by 
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extensive connections between orbitofrontal/ventromedial areas and the striatum, 

amygdala and sensory and motor areas (Schoenbaum, Roesch, & Stalnaker, 2006). 

Damage to orbitofrontal/ventromedial areas in humans (and rats and monkeys) is 

associated with impaired decision making characterised by enhanced perseveration of 

ongoing prepotent response/choice in the face of adverse future consequences; that is, 

deficits which are central to the maintenance of addictive behaviours (Bechara et al., 

1994; Damasio, 1994; Elliot et al., 2000; Rolls et al., 1994; Fellows & Farah, 2003; 

Schoenbaum et al., 2006). Not surprisingly, abnormal activity and reduced gray matter 

in orbitofrontal/ventromedial prefrontal regions has been observed across a range of 

substance dependent populations (e.g., Bolla et al., 2003; Everitt et al.,2007; Franklin et 

al., 2002;  Schoenbaum & Schaham, 2008; Stapleton et al., 1995; Volkow et al.1991; 

Volkow & Fowler, 2000). As well, substance dependent individuals exhibit similar 

decision making deficits on the Iowa Gambling Task as observed in individuals with 

ventromedial prefrontal lesions (e.g., Bechara & Damasio, 2002; Bechara et al., 2002). 

Although some orbitofrontal/ ventromedial dysfunction may be a consequence of 

prolonged substance use (e.g., Crombag, Gorny, Li, Kolb, & Robinson, 2005; Robinson 

& Kolb, 1999a;b), evidence that orbitofrontal/ventromedial regions are linked to rash 

impulsive traits in non-drug using samples suggests that vulnerability in 

orbitofrontal/ventromedial regions precedes drug use (e.g., Horn, Dolan, Elliot, Deakin, 

& Woodruff, 2003; Drabant et al., 2006). 

In sum, the distinct role of mesolimbic dopamine circuits and 

orbitofrontal/ventromedial regions in the development and maintenance of substance 

dependence is consistent with the model of reward drive/sensitivity and rash 

impulsiveness proposed by Dawe and colleagues (Dawe & Loxton, 2004; Dawe et al., 

2004; Gullo & Dawe, 2008). Whilst this evidence presents a convincing case against the 
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alignment of BAS sensitivity with trait Impulsivity, it does not address the extent to 

which trait BAS sensitivity corresponds to the extraversion/positive emotionality 

dimension described above. Some insight into this latter question can be derived from 

the review of extraversion/positive emotionality-related scales conducted by Depue and 

Collins (1999).

In proposing a new neurobiological approach to the study of extraversion, Depue 

and Collins (1999) stress that extraversion/positive emotionality measures actually 

index two independent sub-dimensions of agency and affiliation. Whilst both agency 

and and affiliation are associated with enhanced positive affect and well-being, 

affiliation is more fundamentally interpersonal in nature. High trait affiliation is 

characterised by value in, and enjoyment of, close interpersonal bonds characterised by 

warmth and affection as well as a warm, gregarious and agreeable interpersonal style 

(Depue & Collins, 1999). In contrast, although agency includes interpersonal 

characteristics such as social dominance, enjoyment of leadership roles, assertiveness 

and social potency, it is also more generally associated with ambition, mastery, 

assertiveness and achievement (Depue & Collins, 1999), traits which all share the 

underlying process of activation and positive incentive motivation (Depue & Collins, 

1999). 

Depue and Collins (1999) further argue that agency and affiliation are likely to 

be associated with independent neurobiological processes and align agentic-extraversion 

both conceptually and neurobiologically with the BAS. In contrast, affiliation-related 

scales such as agreeableness tend to load towards high constraint/impulsivity (Depue & 

Collins, 1999; Watson et al., 1994). An important implication of Depue and Collins' 

(1999) position is that past attempts to examine the relationship between extraversion 

and BAS-related behaviour/neurobiological indices, such as reward sensitivity, 
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dopaminergic functioning or genotypic markers of D2 receptor transmission, will be 

confounded by the heterogeneity of this construct, underlying past inconsistencies in 

this area (for review see Corr, 2004; Corr, 1999; Depue & Collins, 1999). Although 

Depue and Collins' (1999) position presents an appealing bridge between the three-

factor trait model of extraversion/positive emotionality and Gray's BAS, only one study 

to date has examined the relationship between reward drive/sensitivity measures and 

separate agency and affiliation scales. 

Quilty and Oakman (2005) examined the relationship between BAS measures 

and subscales of the MPQ Positive Emotionality measure as well as Zuckerman's SSS. 

They found that both total BAS (total score for all three CW BAS scales) and SR were 

more closely associated with MPQ Social Potency (.416 and .487, respectively) than 

SSS (.289 and .380, respectively). The relationship between Social Potency and the 

respective reward drive/sensitivity measures was also of a similar magnitude to that 

observed between the measures themselves (.413). Furthermore, the relationships that 

total BAS and SR shared with social closeness were markedly lower (.119 and 151, 

respectively). The findings are thus consistent with Depue and Collins' (1999) position 

that agentic extraversion (of which social potency is a marker) but not affiliation (of 

which social closeness is a marker), reflect trait level variability in the BAS. They also 

support the argument that trait BAS is more closely aligned with agentic-extraversion 

(and hence the extraversion/positive-emotionality dimension) than impulsivity. 

To summarise, the purpose of the current section was to discuss evidence 

supporting the alignment of trait BAS with extraversion/positive emotionality, one of 

the three fundamental dimensions consistently identified as the basis for individual 

differences in personality/temperament (Carver, 2005; Depue, 1995; Watson et al., 

1994). Two sources of evidence were presented. The first was a revision to Gray's 
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original proposal that sensitivity in the BAS manifests itself as individual differences in 

trait impulsivity. Dawe and Loxton (2004) observed that Gray's impulsivity, as it was 

originally operationalised (Gray, 1970; Gray & Pickering, 1999), is a heterogenous 

construct defined by two independent dimensions of reward drive/sensitivity and rash 

impulsiveness. They argue that while reward drive/sensitivity measures appear to be 

accurately capturing individual differences in BAS sensitivity, rash impulsiveness 

measures load more strongly on a second dimension associated with disinhibition, or 

poor inhibitory control of prepotent approach responses in the face of adverse future 

consequences. Evidence of two distinct neurobiological mechanisms in the development 

of addiction are consistent with the two factor model of impulsivity proposed by Dawe 

and colleagues (Dawe & Loxton, 2004; Dawe et al., 2004; Gullo & Dawe, 2008) and 

with the alignment of reward drive/sensitivity with BAS.

The second source of evidence presented was based on an observation by Depue 

and Collins (1999) that extraversion is also heterogenous in nature, and can be described 

by two primary dimensions of agency and affiliation. Their model of agentic-

extraversion overlaps conceptually and neurobiologically with Gray's BAS. They thus 

argue that sensitivity in the BAS manifests as agentic extraversion as opposed to 

impulsivity as originally proposed by Gray (Gray 1970; Gray & Pickering, 1999). 

Although their proposal is largely theoretical at this point, it presents a plausible link 

between trait level variability in BAS sensitivity and the extraversion/positive 

emotionality dimension consistently identified within three factor trait models of 

personality/temperament. It is also consonant with the findings of Quilty and Oakman 

(2004) which show that trait BAS measures (total BAS and SR) are more strongly 

related to agentic-extraversion (social potency) than affiliative extraversion (social 

closeness) or rash impulsiveness (SSS). Thus trait BAS sensitivity is most accurately 
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captured by measures of reward drive/sensitivity. These measures in turn appear to be 

closely associated with agentic-extraversion hence supporting the alignment of trait 

BAS with the extraversion/positive emotionality dimension identified within three-

factor trait/temperament models. This raises the question then as to where rash 

impulsiveness measures lie within this three factor space. 

5.2.4.2 Trait BIS and constraint/impulse control. As noted above, rash 

impulsiveness measures load on a second factor characterised by poor inhibition of 

prepotent behaviour in the face of adverse consequences (Dawe & Loxton, 2004). In 

relation to the three factor model described above, Depue and Collins (1999) observed 

that rash impulsiveness measures (e.g., Novelty Seeking, SSS, I7) cluster between low 

constraint/impulse control and high extraversion/positive emotionality. Thus the 

disinhibitory component of rash impulsiveness measures may in fact reflect low 

constraint/impulse control (Depue  & Collins, 1999); whilst the measures themselves 

reflect an interaction of high extraversion/positive emotionality and low 

constraint/impulse control. Accordingly, Depue and Collins (1999) observed that those 

impulsivity measures with the least positive affective content are the most closely 

aligned with constraint/impulse control. 

As previously noted, the measure which most accurately captures the 

constraint/impulse control dimension is in fact Tellegen's (1982; 1985) Constraint 

superfactor. Characteristics associated with high Constraint, in turn, correspond closely 

to those described for high trait BIS sensitivity. In particular, both traits are considered 

to manifest in an enhanced propensity to inhibit prepotent goal-directed behaviour; to 

not directly relate to a particular motivational system (approach or avoidance) but 

instead to modulate/control activity in these systems; and to be associated with greater 

behavioural inhibition, restraint, carefully planned behaviour, and difficulty making 
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decisions. In situations involving risk or novelty, and thus inherently approach-

avoidance conflict, the high trait BIS individual will also exhibit enhanced distress 

(worry, vigilance to threat, arousal) and be more inclined to exhibit avoidance over 

approach. Avoidance of novelty/risky situations is also a central characteristic of high 

Constraint.

The Constraint superfactor includes subscales of Harm Avoidance, Control, and 

Traditionalism (Tellegen, 1982). The Control subscale measures the tendency to inhibit 

prepotent impulses and exercise behavioural control. It also includes items which reflect 

the tendency to be indecisive and cautious and to exhibit highly organised and carefully 

planned behaviour. The Harm Avoidance scale is designed to measure aversion 

to/avoidance of situations associated with potential (uncertain) physical risk. Most of 

the items on the Harm Avoidance scale require participants to decide between a scenario 

which will involve definite discomfort/negative consequences but no physical harm 

(e.g., finding out my car has been stolen when I don't have theft insurance) and a 

scenario which involves potential enjoyment/but also the potential for physical harm 

(e.g., riding a runaway horse) (Tellegen, 1982). 

The Harm Avoidance item scenarios are designed to be matched on perceived 

aversiveness. High scorers on this scale select the scenario which does not involve 

potential physical harm (Tellegen, 1982). This is typically interpreted as a sensitivity to 

the threat of physical harm and has often been conceptualised as trait “fear” (White & 

Depue, 1999). However, a critical, and as yet overlooked, aspect of these items is that 

the second scenario involves conflict between an approach and avoidance goal (e.g., 

excitement of riding a runaway horse versus the potential physical harm of falling off) 

and generally a high degree of uncertainty. As described previously, individuals high on 

trait BIS are sensitive to goal-conflict/uncertainty/novelty. The high trait BIS individual 
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is not, however, sensitive to aversiveness (discomfort) per se; this is instead a 

characteristic of trait FFFS sensitivity. Thus high trait BIS individuals would not 

experience strong avoidance motivation in relation to the scenario associated with 

certain discomfort or negative but no physically harmful consequences. Thus it is 

proposed here that the high trait BIS individual would show preference for this scenario 

over the conflict eliciting uncertainty (worry/arousal) of the scenario involving the risk 

of physical harm. Accordingly, high trait BIS individuals would thus score highly on the 

Harm Avoidance subscale. Finally, Traditionalism reflects conventionality versus 

rebellious nonconformity and the tendency to endorse traditional (often religiously-

based) beliefs (Tellegen, 1982). Although this scale loads on Constraint, unlike the other 

two subscales, it does not clearly relate to trait BIS sensitivity.

Although the relationship between MPQ Constraint and the revised BIS 

construct has not yet received direct empirical attention, evidence that Constraint is 

associated with neurobiological processes and structures aligned with the BIS, as well 

as the observed behavioural correlates of Constraint, are consistent with this conjecture. 

Firstly, consonant with studies reporting a relationship between rash impulsiveness 

measures and orbitofrontal/ventromedial functioning (Drabant et al., 2006; Horn et al., 

2003), Constraint has also been linked to reduced function and volume in this region 

(Silbersweig et al., 2007). Silbersweig et al. (2007) examined brain activity (fMRI) 

during an emotional, verbal go/no-go task in a group of individuals with and without 

borderline personality disorder. Those individuals with borderline personality disorder 

exhibited lower scores on Constraint and reduced medial orbitofrontal activity to 

negatively valenced no-go stimuli. Furthermore, higher scores on Constraint predicted 

greater medial orbitofrontal activity in this group. Similarly, in a group of 

methamphetamine users, Goldstein et al. (2002), found that, higher scores on the MPQ 
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Harm Avoidance subscale predicted enhanced metabolism in the orbitofrontal cortex at 

rest. Recently, scores on MPQ Control were found to be positively related to grey and 

white matter volume in the right ventromedial prefrontal cortex among a group of high-

risk offspring of alcohol dependent individuals (Hill et al., 2009). 

Lower Constraint has also been consistently reported as a significant predictor of 

substance dependence and antisocial behaviour (e.g., Elkins, King, McGue, & Iacono, 

2006; Hanson, Luciana, & Sullwold, 2008; Krueger et al.,1994; Moffitt, Caspi, Rutter, 

& Silva, 2001; Taylor & Iacono, 2007; Taylor, Iacono, & McGue, 2000; Tremblay, Pihl, 

Vitaro, & Dobkin, 1994; Verona, Patrick, & Joiner, 2001). Both forms of disordered 

behaviour are characterised by poor inhibitory control and in turn associated with 

reduced orbitofrontal/ventromedial prefrontal volume and functioning (e.g., Birbaumer 

et al., 2005; Bolla et al., 2003; Everitt et al.,2007; Franklin et al., 2002; Huebner et al., 

2008; Schoenbaum & Schaham, 2008; Stapleton et al., 1995; Tiihonen et al., 2008; 

Volkow et al.1991; Volkow & Fowler, 2000). Hippocampal and parahippocampal gyrus 

volume reductions and abnormal functioning have also been observed among adults and 

adolescents with substance dependence and antisocial behaviour problems (e.g., 

Birbaumer et al., 2005; De Bellis et al., 2008; Huebner et al., 2008; Jernigan et al., 

1991; Laakso et al., 2001; Raine et al., 2004; Sullivan, Marsh, Mathalon, Lim, & 

Pfefferbaum, 1995; Tiihonen et al., 2008), further supporting a role for BIS in the 

disinhibitory nature of these disorders and, indirectly, the notion that lower Constraint 

observed among these populations reflects lower trait BIS sensitivity.

Individual differences in Constraint have also been examined with respect to 

responding in the norepinephrine projection system (White & Depue, 1999). 

Interestingly, the norepinephrine system features centrally in Gray's pharmacology of 

the BIS (Gray, 1987; 1991; Gray & McNaughton, 2000, Appendix 10). The ascending 
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dorsal noradrenergic bundle originating in the locus coeruleus is the sole source of 

norepinephrine innervation of the hippocampus (Gray & McNaughton, 2000, Appendix 

10). Importantly, lesions of the dorsal noradrenergic bundle mirror those of the septo-

hippocampal system (Gray & McNaughton, Appendix.10), whilst leaving functioning of 

the FFFS largely intact. Although norepineprhine is involved in FFFS functioning, 

effects on this system by lesions to the dorsal noradrenergic bundle are only apparent 

when they extend to other noradrenergic pathways, in particular the hypothalamic-

pituitary-adrenal axis (Gray & McNaughton, Appendix 10), suggesting a secondary, 

redundant role of the dorsal noradrenergic innervation in this system (Gray & 

McNaughton, 2000, Appendix 10). Furthermore, given that anxiolytics block 

norepineprhine release at the hippocampus (Gray & McNaughton, 2000), it is likely that 

individual differences in trait BIS sensitivity arise (at least in part) from variance in 

dorsal noradrenergic innervation of the septo-hippocampal system. Finally, given that 

the locus coeruleous provides the major source of central norepineprhine (Gray & 

McNaughton, 2000), it is plausible to suggest that individual differences in trait BIS and 

FFFS sensitivity could relate, differentially, to measures of central norepinephrine 

functioning (Gray, 1987; 1991; Gray & McNaughton, 2000). 

Interestingly, a pattern consistent with that just postulated was reported by White 

and Depue (1999). They observed a dissociation between scores on the Negative 

Emotionality and Harm Avoidance scales on two indirect measures of central 

norepinephrine functioning based on pupilary dilation and constriction. Specifically, the 

Negative Emotionality superfactor and the Stress Reaction subscales predicted patterns 

of pupilary dilation that were consistent with less central norepinephrine output where 

as higher scores on the Harm Avoidance and Control subscales predicted patterns of 

pupilary dilation consistent with enhanced central norepinephrine output. This pattern 
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must be considered tentatively due to the indirect nature of central norepinephrine 

measure (pupilary dilation/constriction; White & Depue, 1999). Nevertheless, White 

and Depue's (1999) findings provide some promising support for the validity of 

Tellegen's (1982) Constraint, in particular the Harm Avoidance and Control subscales, 

as measures of trait BIS sensitivity.

Higher MPQ Constraint has also been associated with enhanced arousal (skin 

conductance) in response to novelty (Finn, Justus, Mazas, Rorick, & Steinmetz; 2001). 

As described in Chapter 4, novel stimuli inherently elicit an approach-avoidance 

conflict and thus, BIS activation. Thus Finn et al.'s (2001) findings are consistent with 

MPQ Constraint as a measure of trait BIS sensitivity, such that higher trait BIS 

sensitivity leads to enhanced BIS activation (hence arousal) to novelty. 

MPQ Control as well as measures of Rash Impulsiveness have also been 

consistently linked to amplitude of the frontal P300 event-related potential (Chen et al., 

2007; Justus, Finn & Steinmetz, 2001; Patton, Stanford, & Barrett, 1995; Ratsma et al., 

2001; Wang & Wang, 2001). Briefly, the frontal P300 is associated with activity in 

hippocampal and prefrontal regions (Alain et al., 1989; Baudena et al., 1995; Bunzeck 

et al., 2007; Daffner et al., 2000; Fell et al., 2004; Ford et al., 1994; Halgren et al., 1980, 

1995; Heit et al., 1990;  Knight, 1997; Knight & Scabini, 1998; McCarthy et al., 1989; 

Rektor, Brazdil, Nestrasil, Bares, & Daniel, 2007; Rosburg et al., 2007; Socherkova, 

Brazdil, Jurak, & Rector, 2006; Stapleton & Halgren, 1987; Strange & Dolan, 2001) and 

is in turn considered to be a phenotypic marker of behavioural inhibition (Porjesz et al., 

2005). An extensive discussion of the P300 as a neurophysiological index of BIS 

activity will be presented in Chapter 6. 

A final key source of evidence is the relationship observed between self-reported 

TPQ Novelty Seeking and sensitivity to anxiolytic drugs. Gray and McNaughton (2000) 
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define anxiety (BIS) as the underlying system upon which anxiolytics act to produce 

their clinical/behavioural effects. Thus an important source of validation for trait 

measures of BIS can be derived from their relationship to anxiolytic sensitivity. As a 

measure of Rash Impulsiveness, (see Table 5-2), TPQ Novelty Seeking loads most 

strongly on the constraint/impulse control dimension and is thus closely related to MPQ 

Constraint (Waller et al.,1991). Cowley, Roy-Byrne, Greenblatt, and Hommer (1994) 

examined the relationship between TPQ Novelty Seeking and TPQ Harm Avoidance 

(which, unlike MPQ Harm Avoidance, instead loads on the neuroticism/negative 

emotionality dimension) among clinically anxious individuals and healthy controls. 

They found that among clinically anxious individuals, Novelty Seeking, but not Harm 

Avoidance, was significantly related to benzodiazepine sensitivity, such that clinically 

anxious individuals with lower Novelty Seeking (higher trait BIS sensitivity) required 

higher doses/concentration of benzodiazepines to reduce saccadic eye-movements 

indicative of a clinical effect. It is critical to note that Harm Avoidance, which Cloninger 

(1989) originally considered a putative marker of Gray's BIS, though being high among 

the clinically anxious group, was unrelated to benzodiazepine sensitivity. 

Acute anxiolytic effects have also been observed on behavioural and 

neurophysiological indices of disinhibition/impulsivity. Acheson, Reynolds, Richards, 

and de Whit (2006) found that acute anxiolytic administration increased stop-reaction 

time on a stop-signal task where individuals must inhibit ongoing approach when 

presented with a stop signal, as well as the number of false alarms on a go-nogo task 

(failing to withhold a response when required). Anxiolytic administration has also been 

associated with reduced P300 amplitude (e.g., Engelhardt et al., 1992; Lindhardt et al., 

2001; Pooviboonsuk et al., 1996; Semlitsch et al., 1995; Unrug et al., 1997), as well as 

impulsive “side-effects” among clinical populations, such as impulsive aggression and 
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risky decision making (e.g., Deakin, Aitken, Dowson, Robbins, & Sahakian, 2004; Lane 

et al., 2005; Pihl & Peterson, 1995). Although these findings do not directly relate to 

MPQ Constraint as a measure of trait BIS sensitivity, they do support the view central to 

this section that measures of rash impulsivity/ disinhibition/poor constraint reflect low 

trait BIS sensitivity. 

In sum, several sources of evidence have been presented which lend credence to 

the observed conceptual overlap between the MPQ Constraint and the revised BIS 

construct and suggest that Constraint may indeed present a valid self-report index of 

individual differences in trait BIS sensitivity. Firstly, consistently lower levels of 

Constraint observed among clinical populations characterised by poor inhibitory 

control, such as those with substance use or antisocial behaviour problems, are 

accompanied by reduced activity and grey and white matter volume in orbitofrontal and 

ventromedial prefrontal regions. Volume reductions in orbitofrontal/ventromedial 

regions also co-occur with reduced volume in hippocampal and parahippocampal 

regions, lending further weight to the proposition that reduced trait BIS sensitivity 

underlies the lowered Constraint reported among these populations. Secondly, White 

and Depue (1999) observed a relationship between Harm Avoidance and Control and 

markers of central norephinephrine which is consistent with the proposed role of 

noradrenergic pathways in the BIS. Thirdly, MPQ Constraint has found to be associated 

with arousal elicited to novel stimuli, consistent with BIS-mediated arousal response to 

the approach-avoidance conflict that is inherently produced by novel stimuli. The 

frontal P300 response (to be discussed at length in Chapter 6) has been linked to 

hippocampal and prefrontal regions and in turn to disorders and traits characterised by 

disinhibition. The observed relationship between MPQ Control, related Rash 

Impulsiveness measures and P300 amplitude presents additional support for MPQ 



199

Constraint as a measure of trait BIS sensitivity. Finally, the effect of anxiolytics on self-

report, behavioural and neurophysiological indices of rash impulsivity/disinhibition/low 

constraint lend further support to the view that such indices reflect individual 

differences in trait BIS sensitivity. 

Although none of the above studies were conducted with the purpose of testing 

the validity of MPQ Constraint as an index of individual differences in trait BIS 

sensitivity, they nevertheless provide preliminary support for this position. 

Conceptually, the Control and Harm Avoidance subscales exhibit the closest 

resemblance to characteristics theoretically linked to trait BIS sensitivity. Of the above 

studies, only a few included Traditionalism separately in their analyses. Unlike their 

findings for Control and Harm Avoidance, White and Depue (1999) observed no 

relationship between Traditionalism and distal indices of norepineprhine functioning. In 

relation to substance use and antisocial behaviour, Control exhibits the strongest 

predictive validity though Harm Avoidance and Traditionalism both predict significantly 

reduced levels of both. In sum, the above findings provide support for the Constraint 

superfactor, in particular, its Control and Harm Avoidance subscales as measures of trait 

BIS sensitivity. To complete the alignment of the three factor model with Gray's revised 

RST, it would follow that the negative emotionality/neuroticism dimension reflects trait-

level sensitivity in the FFFS. 

5.2.4.3 Trait FFFS and neuroticism/negative emotionality. To maintain 

consistency with the discussion of MPQ Constraint as a measure of trait BIS sensitivity, 

the current section will address overlap between trait FFFS and neuroticism/negative 

emotionality with a focus on the MPQ Negative Emotionality superfactor. Negative 

Emotionality is derived from three subscales, Stress Reaction, Aggression and 

Alienation, with Stress Reaction being the strongest marker of the Negative 
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Emotionality superfactor (Patrick, Curtin, & Tellegen, 2003). The Stress Reaction 

subscale is designed to measure reactivity to stimuli/situations likely to elicit 

distress/stress (so punishment/frustrative non-reward) (White & Depue, 1999). 

Individuals scoring highly on this scale have a tendency to react with escalating distress 

to potential punishment, to the point of “catastrophic anticipation of impending 

disaster” (White & Depue, 1999, p. 864). Stress Reaction items also measure general 

levels of arousal, tension, worry and emotional lability. Conceptually, Stress Reaction 

closely resembles trait FFFS sensitivity to the extent that they are both fundamentally 

related to enhanced stress/distress elicited to cues of potential punishment/frustrative 

non-reward.

The Aggression subscale measures propensity to respond to conflict in an 

aggressive manner and report enjoyment in cruel or violent behaviour (Tellegen, 1982). 

The scale may be sensitive to trait FFFS with respect to the 'fight' reaction to 

punishment/threat stimuli. The Alienation subscale includes items which gauge the 

extent to which one believes they are likely to be taken advantage of, lied to, or 

otherwise hurt by others. High trait FFFS results in heightened conditionability to cues 

of punishment, such as ridicule by others. Theoretically, previous negative social 

experiences would thus be more likely to result in an enhanced and enduring expectancy 

of future negative social outcomes. Consequently, high trait FFFS sensitivity could 

plausibly underlie heightened self-reported Alienation.

Several sources of evidence are consistent with the alignment of Negative 

Emotionality with trait FFFS sensitivity. As described above, Silbersweig et al. (2007) 

found that lower scores on Constraint were associated with reduced orbitofrontal 

activity to negatively valenced no-go stimuli in individuals with borderline personality 

disorder. During this same condition, Negative Emotionality was associated with 
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enhanced amygdala activation. This differential pattern of activation is thus consistent 

with the separable neurobiological systems attributed to the BIS and FFFS respectively 

(Gray & McNaughton, 2000). 

Negative Emotionality, in particular, Stress Reaction has also been associated 

with risk for panic attacks (Lilienfeld, 1997; Lilienfeld & Penna, 2001). Lilienfeld 

(1997) found that higher Negative Emotionality and Stress Reaction predicted the 

reported presence of panic attacks in the past year. In contrast, Control and Harm 

Avoidance were unrelated to panic attack history. Negative Emotionality is also strongly 

related to Anxiety Sensitivity (Lilienfeld, 1997; Lilienfeld & Penna, 2001). Anxiety 

Sensitivity is a stable trait reflecting fear of ones own anxiety symptoms, such as the 

experience of a rapid heart beat (Reiss, 1997). Individuals high on Anxiety Sensitivity 

are more likely to develop various anxiety disorders, but in particular panic disorder 

(Hayward, Killen, Kraemer, & Taylor, 2000; McNally, 1990; 1996; Li & Zinbarg, 2007; 

Lilienfeld, 1997). In undergraduate samples both Lilienfeld (1997) and Lilienfeld and 

Penna (2001) found Negative Emotionality to be the strongest predictor of Anxiety 

Sensitivity. Lilienfeld and Penna (2001) also reported a small but significant positive 

relationship between Constraint and Anxiety Sensitivity. As the Constraint subscales 

were not associated with panic attack history in the earlier study by Lilienfeld (1997), 

this finding remains consistent with alignment of Constraint and Negative Emotionality 

with BIS and FFFS, respectively and lends credence to the link between Constraint and 

other non-panic-related anxiety disorders (e.g., generalised anxiety disorder).

Higher Negative Emotionality has also been associated with enhanced substance 

use, thus the opposite pattern to that observed in relation to Constraint (e.g.,  Elkins et 

al., 2006; Moffitt et al., 2001; Taylor et al., 2000). For instance, Elkins et al. (2006) 

found that Constraint was highly negatively related to the development of nicotine, 
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alcohol and drug disorders in late adolescence and young adulthood. In contrast, 

Negative Emotionality was highly positively related to the development of substance-

use disorders at both time points.

Substance use is characterised by approach to appetitive/rewarding stimuli (e.g., 

drug of choice) in the face of potentially adverse consequences (e.g., family difficulties 

or legal consequences). As discussed previously, enhanced sensitivity to goal-conflict 

(such as that inherent to antisocial behaviour/substance use) among high trait BIS 

sensitive individuals should be associated with greater inhibition of the prepotent 

approach goal in such circumstances and hence reduced likelihood of substance use. 

Thus the positive relationship between Negative Emotionality and substance use argues 

against the alignment of Negative Emotionality with the BIS. But would high trait FFFS 

sensitivity be expected to increase risk for substance use?

A key implication of the revised conceptualisation of the FFFS is that enhanced 

sensitivity/reactivity in this system should be manifest in greater levels of distress to 

aversive stimuli/circumstances and enhanced motivation to actively avoid such 

stress/distress through approach to cues of safety/relief from punishment/distress. High 

trait FFFS may thus act to enhance the likelihood of substance use by increasing its 

salience as a means of temporary relief from distress associated with adverse life 

circumstances (e.g., relationship/work problems). The use of substances to relieve 

distress is likely to in turn exacerbate the initially adverse circumstances and increase 

the likelihood of continued substance use. It can be seen how this would rapidly decline 

into increased dependence on substances as a means of temporary relief from the 

distress associated with increasingly adverse life circumstances.  

The relationship between Negative Emotionality/trait FFFS sensitivity and 

substance use is also consistent with a series of animal studies which demonstrate an 
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association between stress reactivity and drug dependence. In these studies rats bred to 

exhibit high trait reactivity to stress, are more likely to develop drug dependency than 

those with low trait reactivity to stress (Exner & Clark 1993; Hooks et al. 1991, 

1992a,b,c; Piazza et al. 1989, 1991). High reactive rats exhibit longer secretion of the 

stress hormone, corticosterone, levels of which were positively correlated with more 

drug consumption on first exposure as well as greater levels of self-administration 

generally (Goeders & Guerin 1994; Piazza et al. 1991). Thus there exists a 

neurobiological basis for the proposed mechanism between FFFS mediated heightened 

reactivity to stress and enhanced salience of cues which may deliver temporary relief 

from distress.

Finally, the dissociation between Negative Emotionality and Constraint observed 

by White and Depue (1999) with respect to central norephinephrine output is also 

consistent with the differential role of noradrenergic pathways in the FFFS and BIS 

(Gray & McNaughton, 2000). Specifically, the Negative Emotionality superfactor and 

the Stress Reaction subscale predicted patterns of pupilary dilation that were consistent 

with less central norepinephrine output where as higher scores on the Harm Avoidance 

and Control subscales predicted patterns of pupilary dilation consistent with enhanced 

central norepinephrine output. 

To summarise, various sources of evidence have been reviewed above in an 

attempt to demonstrate the potential utility of MPQ Negative Emotionality, in particular, 

the Stress Reaction subscale, as a measure of trait FFFS sensitivity. A key aspect of 

many of these findings is the dissociation observed between Negative Emotionality and 

Constraint. Silberswieg et al. (2007) found that whilst Constraint was associated with 

enhanced orbitofrontal activation to negatively valenced no-go stimuli, Negative 

Emotionality, whilst unrelated to orbitofrontal activity, was associated with enhanced 
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amygdala activation under the same conditions. Furthermore, Constraint robustly 

predicts higher, and Negative Emotionality lower, levels of substance use. Negative 

Emotionality also predicts panic attacks when no such relationship has been observed 

for Constraint. White and Depue's (1999) findings also indicate a dissociation between 

Constraint and Negative Emotionality in relation to distal indices of central 

noradrenergic functioning. Finally, evidence that TPQ Novelty Seeking (related to MPQ 

Constraint), but not TPQ Harm Avoidance (related to Negative Emotionality, in 

particular Stress Reaction; Waller et al., 1991), is associated with benzodiazepine 

sensitivity (Cowley et al., 1993) is also in line a BIS/FFFS derived dissociation.

Although these findings demonstrate that Constraint and Negative Emotionality 

are indexing trait individual differences in distinct underlying systems, this itself is not a 

surprise. What is critical to note, however, is the fact that in each of these cases, the 

differential relationships observed for Constraint and Negative Emotionality are 

consistent with the theoretical, neurobiological and pharmacological distinction drawn 

by Gray and McNaughton (2000) between the BIS and FFFS.

Finally, as indicated earlier, the subscale which exhibits the closest conceptual 

resemblance to trait FFFS sensitivity is Stress Reaction. Although many of the above 

studies did not distinguish between the Negative Emotionality subscales, some did. 

Those studies examining panic disorder and noradrenergic functioning reported the 

strongest effects for Stress Reaction (Lilienfeld,1997; Lilienfeld & Penna, 2001; White 

& Depue, 1999). Studies examining alcohol/drug use report generally equivalent effects 

across the three subscales (e.g., Elkins et al., 2006). However, based on the conceptual 

similarity between Stress Reaction and trait FFFS sensitivity, the fact that Stress 

Reaction is the strongest marker of Negative Emotionality (Patrick et al., 2002), and 

that for studies examining noradrenergic functioning and panic disorder, effects 
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observed for Stress Reaction exceed those for Negative Emotionality, it is suggested 

that the Stress Reaction subscale alone may present a particularly promising marker of 

trait FFFS sensitivity.

5.2.4.4 Gray's RST and the three factor models: Summary. The purpose of the 

preceding discussion was to illustrate convergence between the revised RST and current 

three factor models of personality and temperament; the implication of this position 

being that the three fundamental dimensions consistently identified by personality and 

temperament theorists are in fact a reflection of trait level sensitivity/reactivity in the 

same three biologically-based systems proposed within the revised RST, namely, the 

BIS, BAS and FFFS. The discussion commenced by moving trait BAS sensitivity back 

towards extraversion/positive emotionality, away from its alignment with impulsivity 

(which was rotated 45 degrees away from extraversion; Gray, 1970). Although in 

conflict with Gray's (1970) original position, the revision was necessary to account for a 

clear two-factor loading of impulsivity measures (Dawe & Loxton, 2004), with some 

loading more strongly on a reward-drive factor and others a rash impulsiveness factor. 

Depue and Collins (1999) resolve this issue further by highlighting that extraversion-

related measures also load on two distinct factors, one which they argue reflects a trait-

level manifestation of BAS sensitivity, namely, agentic-extraversion. The final position, 

then, is that reward drive and agentic-extraversion measures are tapping into the same 

underlying dimension, namely, the BAS, whilst rash impulsiveness measures appear to 

be loading on a separate, orthogonal dimension characterised by constraint/impulse 

control. 

This constraint/impulse control dimension was subsequently aligned with trait 

BIS sensitivity. Again, the alignment of BIS with “impulse control” appears to conflict 

with Gray's (1970) original position, that impulsivity represents a trait-level 
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manifestation of BAS sensitivity. However, Gray's (1970) “impulsivity”, which 

intrinsically arises from reward sensitivity, is conceptually distinct from the 

constraint/impulse control dimension, which instead relates to inhibition/control of 

impulses and acts to modulate activity in the two orthogonal “affective” dimensions. 

Moreover, the theoretical role of this dimension (according to both Depue & Collins, 

1999; and more recently Carver, 2005) with respect to the extraversion/positive 

emotionality and neurotocism/negative emotionality, mirrors that of the BIS in relation 

to BAS and FFFS, as illustrated in Figure 4-2.

According to Depue and Collins (1999), the measure which most accurately 

captures the constraint/impulse control dimension is the MPQ Constraint. Constraint, 

especially its Harm Avoidance and Control subscales, share a great deal in common 

with trait BIS sensitivity. As outlined above, the alignment of trait BIS with Constraint 

is not only evident at a conceptual level, but is supported by evidence linking Constraint 

to neurobiological and behavioural correlates of the BIS. Completing the alignment of 

Gray’s revised RST with Tellegen’s three-factor model, the third, Negative Emotionality 

superfactor was shown to exhibit considerable conceptual overlap with the revised 

model of trait FFFS. Moreover, individual differences in Negative Emotionality (and in 

particular Stress Reaction) have also been consistently linked to behavioural and 

neurobiological correlates of the FFFS. However, more compelling for the position 

presented here, is repeated evidence demonstrating a distinction between Constraint and 

the Negative Emotionality; a distinction which is consistent at a neurobiological, 

behavioural, conceptual and pharmacological level with that proposed by Gray and 

McNaughton (2000) for the BIS and FFFS. 

5.2.5 Can existing self-report measures distinguish between BIS and FFFS at a trait  
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level?

Returning, then, to the problem posed at the outset of this chapter, that is, 

identifying measures and methods of distinguishing between BIS and FFFS as they are 

now stipulated. The revisions introduced by Gray and McNaughton (2000) have 

resulted in the need for significant modifications to trait models of BIS and FFFS and 

the potential obsolescence of measures developed to index trait individual differences in 

sensitivity/reactivity of the original BIS. In particular, whilst key features of the former 

trait BIS model, such as behavioural inhibition, have been conserved with in the revised 

model, others, such as sensitivity to conditioned threat, are now attributed to trait FFFS. 

Consequently, former BIS measures such as CW-BIS, SP and STAI-T may now be 

expected to exhibit sensitivity to both trait BIS and FFFS. A review of recent 

experimental (Perkins & Corr, 2006) and neuroimaging research (Barros-Loscertales et 

al., 2006; Cherbuin et al., 2008; Dickie & Armony, 2008; Etkin et al., 2004; Gallinat et 

al., 2005; Gray et al., 2005) supports this conjecture. 

Although the relevance of former measures of BIS to tests of the revised theory 

certainly warrants attention, it was suggested that by focusing on old measures, 

researchers have overlooked a fundamental shift from a model focusing on the BIS and 

BAS as the primary mediators of behaviour/personality, to a clear three-factor, BAS, 

FFFS and BIS structure, a shift which moves the revised RST closer to prevailing three-

factor trait models of personality/temperament. By drawing attention to the convergence 

between the revised RST and three-factor models, the search for self-report indices of 

trait BIS and FFFS sensitivity was directed towards measures within existing three 

factor personality/temperament inventories. To this end, based on a clear conceptual 

continuity, and supported by behavioural, neurobiological and pharmacological 

evidence, the MPQ Constraint and Negative Emotionality superfactors, in particular 
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their respective Control, Harm Avoidance and Stress Reaction subscales, were proposed 

as measures which have the capacity to distinguish between trait BIS and FFFS 

sensitivity. Rash Impulsiveness measures identified by Dawe and Loxton (2004) may 

also hold validity as inverse indices of trait BIS sensitivity. Of this latter set of 

measures, the I7 exhibits the strongest evidence of construct validity in this regard. It has 

been linked to orbitofrontal functioning during response inhibition (Horn et al., 2003), 

as well as to tasks sensitive to orbitofrontal functioning (Franken, Strien, Nijs & Muris, 

2008), and to P300 amplitude (Justus et al., 2001). Furthermore, Horn et al. (2003) 

found that whilst I7 scores strongly predicted orbitofrontal activation during response 

inhibition, no such relationship was observed for Barrett-11 scores.

Finally, the foregoing discussion provides a basis for deriving predictions as to 

the relationship between existing BIS/FFFS related scales and measures of right frontal 

activity. Firstly, if, as argued here, scores on the Control and Harm Avoidance subscales 

reflect individual differences in trait BIS sensitivity, they should be unrelated to right 

frontal activity. In contrast, Stress Reaction, as a putative measure of trait FFFS should 

be associated with enhanced right frontal activity during a resting baseline and in 

response to cues of punishment/frustrative non-reward. Finally, if former BIS measures 

are now gauging individual differences in both trait FFFS and BIS sensitivity, then a 

consistent relationship between measures of right frontal activity and scores on CW-

BIS, STAI-T and SP would not be expected. 

5.2.6 Self-Report Personality Measures of BIS and FFFS and Anterior Asymmetry

Of the measures outlined above, the only ones to have received attention within 

the anterior asymmetry literature are the Carver and White (1994) BIS/BAS scales and 

the STAI-T (Spielberger et al., 1983). As mentioned previously, five of 6 studies 

undertaken to date have reported greater left frontal activity or asymmetry during a 
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resting baseline as a function of higher scores on the Carver and White (1994) BAS 

scale (Amodio et al., 2008; Coan & Allen, 2003; Diego et al., 2001; Harmon-Jones & 

Allen 1997; Sutton & Davidson, 1997). In contrast, only two of these studies reported a 

relationship between right frontal activity or asymmetry and CW-BIS scores (Sutton & 

Davidson, 199; Diego et al., 2001). This inconsistent set of findings supports the view 

that scores on the CW-BIS scale reflect individual differences in both trait FFFS and 

BIS sensitivity and thus should not exhibit a clear relationship with right frontal activity 

which, according to the revised conceptualisation of anterior asymmetry, should only 

reflect activity in the FFFS. 

An additional four studies to date have examined the relationship between scores 

on the STAI-T and right frontal asymmetry. Three of these studies examined the 

relationship between STAI-T scores and frontal asymmetry during a resting baseline and 

none found this to be significant (Crost et al., 2008; Heller et al., 1993; Tomarken & 

Davidson, 1997). Lewis et al. (2008) examined right frontal asymmetry during two 

resting baseline periods, one taken before, and the other during, a “stressful” exam 

period. Although they reported an overall increase in right frontal asymmetry during the 

exam period, they found no relationship between the degree of change and scores on the 

STAI-T. In contrast, whilst Crost et al. (2008) reported no relationship between STAI-T 

scores and baseline anterior asymmetry, they found that right frontal asymmetry elicited 

to a salient social punishment cue, likely to elicit strong avoidance motivation, was 

enhanced among individuals with high STAI-T scores. 

This set of findings seems to suggest that whilst STAI-T scores are unrelated to 

right frontal activity during a resting baseline, they are related to the degree of right 

frontal activation to a salient punishment/avoidance cue. Considered in conjunction with 

the findings of Harmon-Jones et al. (2002; 2006) these findings also suggest that the 
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degree of reactivity in right frontal regions provides a more sensitive index of trait 

individual differences in the underlying motivational system than activity measured 

during a resting baseline. In sum, findings of the above anterior asymmetry studies are 

largely consistent with the notion that scores on the CW-BIS and STAI-T scales reflect 

individual differences in both trait BIS and FFFS sensitivity. However, in order to fully 

examine predictions based on the revised conceptualisation of anterior asymmetry, 

future studies should also address the relationship between right frontal activity and 

scores on the SP, Harm Avoidance, Control and Stress Reaction scales.

5.3 Behavioural Measures of relevance to the revised FFFS and BIS.

5.3.1 Behavioural Tasks which measure trait/state FFFS sensitivity/activity.

The FFFS is activated by cues of punishment/non-reward (Gray and 

McNaughton, 2000). The degree of FFFS activation to a punishment/non-reward cue 

varies according to the subjective salience of the cue at a given point in time/space 

(McNaughton & Corr, 2004). Based on the model of FFFS outlined by Gray and 

McNaughton (2000), high trait FFFS sensitivity will in turn be expressed at a 

behavioural level in terms of superior learning under a punishment schedule as well as 

faster acquisition of punishment/non-reward contingent relationships (Gray & 

McNaughton, 2000). When reviewing research undertaken to test Gray's RST within a 

human experimental setting, the absence of studies addressing the FFFS as it is outlined 

within the revised theory becomes glaringly apparent. All studies to date (even more 

recent ones, for example, Avila & Torrubia, 2006; Hewig et al., 2006), have focused on 

testing the validity of Gray's earlier formulation of the BIS. As such, most findings bear 

little relevance to the constructs in their revised form. The revisions may well, however, 

explain why findings regarding the relationship between old BIS measures (e.g., STAI-

T; SP; BIS scale) and behavioural measures of punishment sensitivity have been so 
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mixed (see Corr, 2004).

As well, many of the tasks employed previously are unsuitable for tests of the 

new theory. For example, recent studies (Avila, 2001; Kambouropoulus & Staiger, 

2004; Avila & Torrubia, 2006) have examined the relationship between scores on the SP 

scale and punishment sensitivity as indexed by passive avoidance learning. In such 

tasks, participants must learn to inhibit a response to avoid punishment. For example, 

Avila (2001) examined passive avoidance learning during a speeded odd-even 

discrimination task where faster responses resulted in more points earned but where the 

presence of a punishment cue instead resulted in a loss of points. They found that 

individuals scoring higher on SP learned to inhibit their response in the presence of the 

punishment cue at a faster rate. Although in terms of the original theory, response 

inhibition under these conditions would be considered a purely BIS mediated process; 

the revisions make performance on such a task a function of both trait FFFS and trait 

BIS sensitivity (as well as trait BAS sensitivity). Specifically, higher trait BIS sensitivity 

should facilitate passive avoidance learning through sensitivity to approach-avoidance 

conflict. Trait FFFS sensitivity should also facilitate passive-avoidance learning through 

enhanced sensitivity to the punishment cue. Finally, higher trait BAS scores would be 

associated with poorer passive avoidance learning due to enhanced sensitivity to the 

reward associated with making a response. Importantly then, such tasks do not permit a 

distinction between the influence of trait BIS and FFFS on behaviour.

Acquisition within a classical aversive conditioning paradigm, for instance the 

rate of skin conductance conditioning to a previously neutral cue paired with a shock, 

should theoretically index trait FFFS sensitivity (Gray & McNaughton, 2000). 

Similarly, operant conditioning under a punishment schedule such as verbal operant 

conditioning in the Taffel Task (Taffel, 1955; Gupta & Nagpal, 1978) where the use of 
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certain pronouns is punished and degree of avoidance to these pronouns is measured, 

may also provide a measure of trait FFFS sensitivity that does not involve explicit 

conflict. However, attention should be drawn to the novelty and approach/avoidance 

goals inherent to the laboratory environment. Typically, participants entering a 

laboratory environment for the first time will encounter various novel 

stimuli/experiences which should theoretically elicit BIS activation. Participants are also 

likely to experience conflict between various approach (e.g., social approval of the 

experimenter; credit/money for participation) and avoidance goals (e.g., social 

disapproval of the experimenter; discomfort associated with aversive stimuli). Such 

conflict is likely to be particularly salient to high trait BIS sensitive individuals. Given 

that a key output of BIS is enhanced attention to cues of threat and arousal via co-

activation of the FFFS at the level of the amygdala (Gray & McNaughton, 2000), it is 

plausible to suggest that high trait BIS sensitivity will lead to enhanced 

learning/performance under a punishment schedule, even when the task itself involves 

no explicit conflict. Thus any experimental task measuring performance under a 

punishment schedule is likely to be affected, at least in part, by trait BIS sensitivity. 

Another important point to highlight with regards to operant conditioning, is the 

role of the BAS in the mediation of active avoidance. Specifically, although perception 

of a punishment/non-reward cue activates the FFFS, and motivation to avoid a potential 

threat is generated by the FFFS, once a safety cue has been identified, the active 

avoidance response itself is mediated by the BAS (Gray, 1987). Accordingly, individual 

differences in trait BAS have been found to mediate speed of active avoidance (Smillie 

& Jackson, 2006). This issue will be raised again in relation to anterior asymmetry 

studies reviewed below. It should also be highlighted that the salience of frustrative non-

reward cues is implicitly linked to the salience of the reward that has been omitted (or 



213

reduced). In this respect individual differences in trait BAS sensitivity, which mediate 

subjective salience of reward, are also involved in mediating the perceived salience of 

frustrative non-reward (Corr, 2001). 

To conclude, all research addressing punishment sensitivity in relation to Gray's 

RST has to date focused on the theory in its original form. Currently no studies have 

been undertaken to behaviourally index trait FFFS sensitivity as it is postulated within 

the revised theory (Gray & McNaughton, 2000; McNaughton & Corr, 2004). 

Furthermore, many measures previously employed to index punishment sensitivity 

involve a behavioural inhibition component and so are unsuitable for tests of the revised 

FFFS construct. Although theoretically, classical and operant conditioning tasks should 

provide a pure measure of trait FFFS sensitivity, it is argued here that the nature of  the 

experimental setting itself will produce BIS activation in high trait BIS sensitive 

individuals who will in turn exhibit behaviour on these tasks that is indistinguishable 

from those with high trait FFFS sensitivity. 

In consideration of the points raised above, it seems that any measure designed 

to index punishment sensitivity as a function of trait FFFS sensitivity is likely to be 

confounded by co-activation of the BIS and hence trait BIS sensitivity. This touches on 

McNaughton and Corr's (2004) argument that activation of one system is likely to flow 

over into the other and so confound any attempt to measure their activity independently. 

Assuming this is the case, it seems that other approaches for discriminating between 

trait FFFS and BIS sensitivity need to be explored. One such approach, advocated by 

McNaughton and Corr (2004), is to measure functioning within discrete levels of the 

systems postulated to underlie trait BIS and FFFS whilst simultaneously minimising the 

activation of either system. For instance, spatial learning tasks appear to provide a valid 

measure of  hippocampal functioning and may thus provide a means of tapping into 
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individual differences in trait BIS sensitivity (McNaughton & Corr, 2004). An 

alternative approach, to be discussed throughout the remainder of the document, is to 

utilise tasks which invoke both BIS and FFFS activation but where trait sensitivity in 

these systems results in distinguishable patterns of performance. Before turning to this 

point, studies within the anterior asymmetry literature which have addressed 

performance theoretically mediated by the FFFS will be briefly revisited. 

5.3.1.1 Anterior asymmetry and behavioural measures of the FFFS. According 

the revised conceptualisation of anterior asymmetry presented here, the presence of a 

punishment/non-reward cue should activate the FFFS and hence result in right frontal 

activation. Furthermore, individual differences in trait FFFS may (according to the 

revised conceptualisation presented here) be reflected in the degree of right frontal 

activation (that is FFFS reactivity) to punishment/non-reward cues. Two studies to date 

have examined the degree of right frontal activation to cues of punishment (Sobotka et 

al., 1992; Miller& Tomarken, 2001). Both studies reported findings that were consistent 

with the revised conceptualisation of anterior asymmetry. Miller and Tomarken (2001) 

replicated and extended upon the Sobotka et al.(1992) study so only the later study will 

be addressed here. Miller and Tomarken (2001) reported a significant linear decrease in 

left frontal asymmetry (so an increase in right relative to left frontal activity) from large 

reward through to large punishment. They also reported greater overall left frontal 

activation, even on punishment trials. Miller and Tomarken (2001) were unsure how to 

interpret this greater relative left frontal activity, but suggested that it may be a 

reflection of overall tonic patterns of asymmetry. Unfortunately, as baseline (tonic) 

asymmetry was not measured, it was not possible to qualify this speculation. 

An alternative account for the pattern of overall left frontal asymmetry observed 

by Miller and Tomarken (2001) can be obtained by considering each trial in terms of 
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simultaneous activation of approach (BAS) and withdrawal (FFFS) systems. Each trial 

inherently involves an approach (BAS) and avoidance (FFFS) goal. For instance, 

reward trials involve an approach goal of exceeding average reaction time to gain 

money and an avoidance goal of avoiding frustrative non-reward (i.e., no monetary 

gain). Likewise, punishment trials involve a goal of avoiding potential punishment (i.e., 

monetary loss) and approaching safety (no change in balance) by exceeding the average 

reaction time. On this basis, one would expect both left (BAS) and right frontal (FFFS) 

activation during the anticipation period of both reward and punishment trials, the ratio 

of which is likely to vary depending on the salience of the reward/punishment. In 

addition, although approach and avoidance goals are activated, the behavioural response 

required on each trial is to approach (reward/safety), thus each response is primarily 

BAS mediated. It is this aspect of the trial design which is likely to underlie the overall 

pattern of left frontal activation observed across all trials.

Pizzagelli et al. (2005) utilised source localisation techniques to identify the 

neural source of scalp recorded alpha activity found to correlate with reward and 

punishment sensitivity. To reiterate, Pizzagelli et al. employed a signal detection task 

which involved recognition of previously presented words under three incentive 

conditions: reward, punishment and neutral. They then calculated a reward and 

punishment response bias (RB) score according to Equation 2:

Hit rate (HR) was calculated as the number of target words correctly recognised. False 

Alarm Rate  (FAR) refers to the number of distractor words incorrectly identified as a 

target. They found that resting alpha activity, source-localised to the left dorsolateral 

prefrontal cortex, significantly, inversely, predicted reward bias (recalling that alpha is 

FAR

[1-(HR-FAR)]
RB = (2)
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inversely related to cortical activity, so enhanced left dorsolateral prefrontal cortical  

activity during a resting baseline predicted greater reward bias). In contrast, punishment 

bias was not reliably related to resting activity within right prefrontal regions. However, 

if performance accuracy does not hold inherent reward/punishment salience relative to 

the explicit reinforcement value, this pattern of results can be reconciled. Specifically, 

as suggested above, individuals exhibiting high trait BIS sensitivity are likely to exhibit 

BIS activation merely in response to the experimental context alone. Given that BIS 

activation enhances attention to cues of threat, trait BIS sensitivity should impact on 

performance under the punishment schedule but not under the reward schedule. 

Consequently, if trait BIS and trait FFFS sensitivity are both potentially predictive of 

punishment bias as argued here, a correlation between punishment bias and alpha 

activity localised to a particular region across individuals would not be expected.

A study by Schutter et al. (2004) found that enhanced right frontal asymmetry at 

baseline predicted riskier decision making on the ABCD version of the Iowa Gambling 

Task. Recall that in applying Gray's theory to anterior asymmetry, right frontal activity 

is aligned with the FFFS and left frontal activity with the BAS. Accordingly, baseline 

right frontal asymmetry should reflect relatively low trait BAS sensitivity and high trait 

FFFS sensitivity (BAS-/FFFS+). This combination of traits should be manifest in a 

propensity to avoid punishment regardless of the potential for reward. As such, 

BAS-/FFFS+ individuals would be expected choose more from the safe decks and avoid 

the decks associated with a high magnitude of punishment, the opposite pattern to that 

exhibited by individuals with enhanced right frontal asymmetry in the Schutter et al. 

study. However, as explained in Chapter 2, the findings of Schutter et al. though 

inconsistent with the revised conceptualisation of anterior asymmetry presented here, 

must be treated with caution due to the use of a lateralised reference scheme.
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Although the use of a lateralised reference scheme may account for Schutter et 

al's. (2004) findings, the role of punishment frequency and frustrative non-reward in the 

Iowa Gambling Task, may provide an alternative account that is consistent with the 

revised conceptualisation of anterior asymmetry presented here. Firstly, several studies 

have reported a pattern of decision making on the Iowa Gambling Task that is 

characterised by avoidance of decks that yield lower magnitude, frequent punishment in 

favour of those that yield higher magnitude, infrequent punishment (Crone & van der 

Molen, 2004; Crone, Bunge, Latenstein, & van der Molen, 2005; MacPherson, Phillips, 

& Della Sala, 2002; Mintzer & Stitzer, 2002; Fernie & Tunney, 2006; Wilder, 

Weinberger, & Goldberg, 1998). As a consequence, preference is for decks B and D 

over decks A and C, reducing advantageous decision making. It is possible therefore 

that high trait FFFS could lead to a preference for decks which yield the least 

probability of immediate punishment on a trial by trial basis; that is, deck B and D. 

Furthermore, the large differences in immediate gain between decks B and D should 

result in a degree of frustrative non-reward associated with choices from deck D. 

Although the perception of non-reward is intrinsically linked to value of the reward to 

be omitted, and hence BAS sensitivity, once non-reward is perceived, the motivation to 

avoid it should also be related to individual differences in trait FFFS sensitivity. Thus it 

is plausible for high trait FFFS sensitivity to be associated with greater preference for 

deck B and hence a greater ratio of choices from decks A and B relative to decks D and 

C. 

Finally, some recent evidence to support the anterior asymmetry model can be 

derived from a study involving temporary inactivation of the right/left dorsolateral 

prefrontal regions. Using repetitive transcranial magnetic stimulation (rTMS), Knoch et 

al. (2006) investigated whether decisions to approach reward or avoid punishment on a 
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variant of the Rogers Gambling Task (Rogers et al., 1999) were affected by temporarily 

deactivating the left or the right dorsolateral prefrontal cortex. Interestingly, they found 

that when the right dorsolateral prefrontal cortex was temporarily inactivated 

individuals exhibited a greater preference for high reward choices which yielded a 

greater risk of large loss (Knoch et al., 2006). Interpreted in accordance with the revised 

conceptualisation of anterior asymmetry, their findings suggest that inactivation of right 

prefrontal regions reduces the perceived threat/avoidance motivation associated with 

large punishments by deactivating the prefrontal level of the FFFS. 

In sum, to date, the evidence linking behavioural measures of sensitivity to 

punishment to right frontal activity is limited. Although the two studies addressing trait 

activation in response to a punishment cue have provided a pattern of asymmetry that 

appears consistent with the suggested trend, this is likely obscured by the presence of 

BAS mediated active avoidance (Sobotka et al., 1992; Miller & Tomarken, 2001). The 

rTMS-derived findings of Knoch et al. (2006) are promising in their consistency with 

the revised conceptualisation of anterior asymmetry, however, the complexity of the 

task negates the degree to which findings can be seen as reflecting FFFS activity per se. 

That is, the same pattern of decision making could result from enhanced sensitivity to 

reward (BAS). A similar issue arises with the Iowa Gambling Task (Schutter et al., 

2004) and indeed any task that involves decisions between potential reward and 

punishment. A key issue for future research will be the extent to which studies isolate 

and control for the effects of trait BIS and BAS when attempting to measure trait FFFS 

sensitivity. Thus the ability of future research to present a convincing link between right 

frontal activity and FFFS activity/sensitivity will critically depend on methods of 

controlling for variance associated with trait BIS and trait BAS sensitivity. 

5.3.2  Distinguishing between trait BIS and FFFS at a behavioural level. 
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The BIS is activated by conflict and once activated results in behavioural 

inhibition, arousal, enhanced attention to threat cues and risk assessment (Gray & 

McNaughton, 2000; McNaughton & Corr, 2004). Individual differences in trait BIS 

sensitivity manifest as conflict sensitivity (McNaughton & Corr, 2004). One of the core 

principles of BIS activation is that concurrent, incompatible goals should be 

equivalently activated for BIS activation to arise (McNaughton & Corr, 2004). High 

trait BIS sensitivity, however, results in BIS activation when goals are not equivalently 

activated (see Figure 5-1.).  Behaviour observed on tasks that involve either goal or 

outcome-related conflict will thus be mediated by trait BIS sensitivity. Importantly, trait 

sensitivity in all three systems, the BAS, FFFS and BIS, will alter the likelihood of BIS 

activation upon goal conflict. For example, when a punishment/non-reward cue is 

presented during approach to reward, high trait FFFS sensitivity will increase the 

likelihood of BIS activation whereas high trait BAS sensitivity will have the opposing 

effect. Conversely, when a reward/safety cue is presented in conflict with on-going 

avoidance of punishment, it is high trait BAS sensitivity which will enhance the 

likelihood of BIS activation, whilst in this case high trait FFFS sensitivity should reduce 

this likelihood. On the other hand, high trait BIS sensitivity should increases the 

chances of BIS activation during both of these conflict scenarios. 

Critically, the second conflict scenario described above, in which a response 

motivated by avoidance of punishment is interrupted by a reward/safety cue, may 

provide a context for discriminating trait BIS from trait BAS and trait FFFS sensitivity. 

Specifically, high trait BAS sensitivity will enhance the chances of BIS activation where 

as low trait BIS sensitivity will reduce this likelihood. As well, high trait FFFS 
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sensitivity will reduce the chances of BIS activation and can thus be distinguished from 

high trait BIS which will always enhance the chances of BIS activation. Extinction 

within an aversive conditioning paradigm appears to exhibit these very characteristics. 

 5.3.2.1 Extinction. Extinction is the process through which an organism learns 

that a neutral cue (CS) previously paired with an aversive or appetitive outcome 

(UCS)no longer predicts that outcome. For example, within a classical aversive 

conditioning paradigm, a previously neutral tone may be paired with the presentation of 

an electric shock and hence come to predict the future presentation of that shock. 

Acquisition is then followed by an extinction period which involves presentation of the 

tone alone over a number of trials until the individual learns that it no longer predicts 

the presentation of the shock. Conditioned responding (CR) during the acquisition and 

extinction phase is typically measured with galvanic skin conductance responding, 

startle blink magnitude and/or UCS expectancy ratings (Lipp, 2006). Both skin 

conductance and startle magnitude provide an index of physiological arousal elicited by 

Figure 5-1. Illustration of the effect of trait-BIS sensitivity on the detection of goal-

conflict. As indicated, when trait BIS sensitivity is highest, goals (G1 and G2) goals do 

not need to be equivalently activated (bold borders reflect greater activation) to be 

detected as conflicting and elicit BIS activation. Alternatively, when trait BIS sensitivity 

is low, goal-conflict may not be detected even when goal activation is equivalent.
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the CS (Lipp, 2006). Expectancy ratings involve measuring (often with a hand-

manipulated dial/scale) the degree to which an individual expects a CS to be followed 

by a UCS on each trial.

It was first observed by Pavlov (1927) that presentation of a CS after extinction 

can lead to spontaneous recovery of the CR. What this fundamental observation infers, 

is that extinction cannot involve unlearning/erasure of the original CS-UCS memory 

(Bouton, 2004). Instead, it is now widely accepted that the extinction process involves 

learning of a new relationship, CS-noUCS, which competes with and inhibits the CS-

UCS relationship and subsequent conditioned response (Myers & Davis, 2002; Bouton, 

2004; Delamater, 2004). 

When considered in terms of the stimulus-response relationships (recall that a 

goal is defined as the conflation of stimulus and response; Gray & McNaughton, 2000), 

it is clear that extinction is fundamentally a process of conflict; between actual and 

expected outcomes in the first instance (absence of expected UCS); and competing 

goals in the second instance (i.e., CS-UCS => CR versus CS-noUCS => noCR). 

Consistent with this, the rate of extinction is reduced by administration of anxiolytics 

(Gray & McNaughton, 2000) and is thus considered a fundamentally BIS mediated 

process (Gray & McNaughton, 2000). It is further argued here that high trait BIS 

sensitivity will in turn facilitate extinction learning.

The role of the BIS in extinction is also consistent with the neural substrates of 

extinction learning and extinction retention (indexed by less CR renewal) identified at 

both an animal and human level. Data from animal studies has implicated medial 

prefrontal and infralimbic regions as critical for successful extinction learning (e.g., 

Barrett, Shumake, Jones, & Gonzales-Lima, 2003; Garcia, Vouimba, Baudry, & 

Thompson, 1999; Herry & Garcia 2002, 2003; Herry & Mons 2004; Herry, Vouimba, & 
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Garcia, 1999; Lebron, Milad & Quirk, 2004; Morrow, Elsworth, Rasmusson, & Roth, 

1999; Rosenkranz, Moore, & Grace, 2003; Santini et al., 2004). In humans, the 

ventromedial prefrontal cortex has been linked to extinction learning and retention 

(Gottfried & Dolan, 2004; Kalisch et al., 2006; Milad & Quirk, 2002; Milad et al., 2005; 

2008; Morgan & LeDoux, 1995; Phelps, Delgado, Nearing, & LeDoux, 2004). Lesions 

to this area in the rat significantly impair extinction learning and hence prolong the 

expression of the CR in the presence of the CS alone (for review see Sotres-Bayon, 

Cain, & Ledoux, 2006). In humans, activity in this region increases during extinction 

(Gottfried & Dolan, 2004) and is also correlated with extinction retention (Phelps et al., 

2004). As well, thickness of the human ventromedial prefrontal cortex has also been 

shown to correlate with extinction retention reflected in less CR renewal after extinction 

(Milad et al., 2005; Rauch et al., 2005). 

 Several factors can influence the recall/retention of the extinction memory and 

the subsequent renewal of a CR after extinction. For instance, the renewal of a CR to a 

CS post-extinction is dependent on the context in which the CS is presented (Bouton, 

Westbrook, Corcoran & Maren, 2006). Specifically, if characteristics of this context 

differ from those of the extinction context, for example, the room, lighting, even 

temporal characteristics, there is enhanced likelihood of a renewed CR (Bouton et al., 

2006). Extinction retention, that is, the expression of the new CS-noUCS memory, is 

therefore dependent on the context within which this extinction memory is acquired. 

Interestingly, the hippocampus is critically involved in the context-specificity of 

extinction memory recall/retention (Anagnostaras, Gale, & Fanselow, 2001; Corcoran & 

Maren, 2001; Ji & Maren, 2005). For example, Corcoran and Maren (2001) found that 

disruption to the dorsal hippocampus prior to fear conditioning did not affect 

conditioning per se, but removed the context specificity of extinction memory recall 
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observed in animals with an intact hippocampas. That is, when the hippocampus was 

intact, recall of the extinction memory on presentation of the CS occurred only in the 

extinction context but not a novel context as evidenced by CR renewal (freezing 

behaviour to the CS). In those rats with dorsal hippocampal disruption, extinction 

memory recall occurred regardless of the testing context. In both the extinction and 

novel contexts, little to no freezing behaviour was elicited on presentation of the CS 

(Corcoran & Maren, 2001). 

More recent studies by Kalisch et al. (2006) and Milad et al. (2008) have 

demonstrated that activation in a connected ventromedial prefrontal and hippocampal 

network is dependent on the context that testing of extinction memory recall occurs. 

Kalisch et al. (2006) employed a differential aversive classical conditioning design, 

pairing mildly angry faces with an electrocutanoeous shock. Two faces (one male, one 

female) were designated as either the CS+ or CS-, with the shock presented on 80 

percent of CS+ trials. On each trial participants were required to make a speeded gender 

discrimination decision. The observed conditioned responses were reaction time on this 

task as well as the magnitude of skin conductance response (SCR) to the CS+. Kalisch 

et al. (2006) also included a context manipulation which involved conducting extinction 

in a different context than acquisition and then testing for CR renewal in both the 

acquisition and extinction contexts. Finally, fMRI data was collected continuously 

throughout each of the experimental phases.

Kalisch et al. (2006) reported simultaneous activation within ventromedial 

prefrontal and hippocampal regions during recall of the extinction memory. Specifically, 

when the CS+ was presented in the extinction context there was greater activation 

relative to the CS- presented in this context. In contrast, they found no relative 

activation in this area when the CS+ was presented in the conditioning context, that is, 



224

when CR renewal occurred. Kalisch et al. (2006) also reported a striking correlation 

between activity in ventromedial prefrontal regions and hippocampal regions when the 

CS+ was tested in the extinction context. On the basis of this observation, and previous 

evidence demonstrating that both regions are critically involved in extinction learning, 

they postulated that the ventromedial prefrontal cortex and hippocampus form a 

network that underlies extinction memory expression. 

Further evidence of this network was recently observed in a study by Milad et al. 

(2008) who employed a similar differential aversive conditioning paradigm and context 

manipulation with acquisition and extinction undertaken in different contexts.  They 

also conditioned two CS+ stimuli, but only extinguished one of them.  They then 

compared the extinguished to the non-extinguished CS+ on day 2 recall in the extinction 

context and found that the extinguished CS+ invoked significantly greater activity in 

ventromedial prefrontal and hippocampal regions. Like Kalisch et al. (2006) they found 

that activity in ventromedial prefrontal and hippocampal regions during extinction recall 

were very highly correlated (in this case almost perfectly correlated). 

Figure 5-2 illustrates a simplified conceptualisation of the ABA context-specific 

renewal effect observed by Kalisch et al. (2006), in terms of stimulus-response goal 

representations. It can be seen that during extinction the likelihood of noCR versus CR 

is 3:1. In contrast, during the CR renewal test in context A, this ratio is inverted such 

that now the likelihood of noCR to CR is 1:3, thus in favour of the CR. Given the 

greater relative favouring of CR expression there is likely to be little goal conflict. As 

well, the low level of conflict and hence low level of BIS involvement here is consistent 

with the relative absence of hippocampal and ventromedial activity observed when 

Kalisch et al. (2006) tested for CR renewal in the conditioning context. Milad et al. 

(2005) also reported that thickness in  orbitofrontal (including ventromedial prefrontal) 
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regions was highly correlated with the degree of CR renewal, but in their study this was 

observed in both the conditioning and extinction contexts.  

On the basis of findings outlined above it is proposed here that the rate of 

extinction learning, and the degree of CR renewal tested in the conditioning and 

extinction context, will be a function, in part, of trait BIS sensitivity. In turn, the degree 

of ventromedial prefrontal activity observed during extinction learning and extinction 

retention (inverse of CR renewal), will provide an index of trait BIS sensitivity. In 

contrast, high trait FFFS sensitivity will lead to enhanced FFFS activation to the CS+. 

This will have several consequences. Firstly it should slow extinction learning by 

increasing the difference in activation between the CS-UCS=>CR and the CS-noUCS=> 

noCR relationships. Secondly, enhanced activation of the CS-UCS=>CR goal should 

increase the chances of CR renewal when the CS+ is presented again post-extinction. 

Finally, in relation to the revised conceptualisation of anterior asymmetry, the degree of 

right frontal activation to the CS+ should provide an index of trait FFFS sensitivity. In 

Figure 5-2.  An ABA design for testing extinction memory retention as indexed by the 

degree of CR renewal in acquisition context (A). The example illustrates the relative 

activation of the stimulus-response representations (goals) between acquisition, 

extinction and renewal. Context B is the extinction context.
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turn, greater right frontal activation should be associated with slower extinction learning 

and poorer extinction retention. 

5.3.3.3 Summary and Conclusions. The foregoing review presented a discussion 

of potential behavioural indices of the BIS and FFFS and their application to tests of the 

revised conceptualisation of anterior asymmetry. Given the inherent novelty and 

demand characteristics associated with the laboratory environment (e.g., experimenter 

approval; perceived task success), it was argued that tasks which attempt to tap into trait 

FFFS alone, such as acquisition of an aversive CS-UCS pairing, are likely to be 

confounded by concurrent BIS activation and attention to threat among high trait BIS 

individuals. Instead, a behavioural paradigm was sought where both FFFS and BIS 

activation would be expected but where trait sensitivity in the BIS and FFFS would 

have distinct and dissociable predicted outcomes. Extinction of a conditioned aversive 

response met these characteristics. 

It was proposed that if, as the evidence and theory suggests, BIS mediates 

extinction learning, high trait BIS should facilitate the extinction process, thus resulting 

in faster extinction learning. On this same basis, higher trait BIS should be associated 

with greater extinction retention, so less CR-renewal when the CS+ is presented post-

extinction. In contrast, high trait FFFS should result in stronger CS-UCS => CR goal 

activation which will hinder the detection of conflict and hence slow the rate of 

extinction learning. Accordingly, high trait FFFS sensitivity should also lead to less 

extinction retention and hence greater CR renewal when the CS+ is presented again 

post-extinction. The relationship between trait BIS and trait FFFS and extinction 

learning and retention outlined here are consistent both with Gray and McNaugton's 

(2000) behavioural findings in animals with septo-hippcampal lesions and following 

administration of anxiolytics, as well as human structural and functional neuroimaging 
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studies (Gottfried & Dolan, 2004; Kalisch et al., 2006; Milad et al., 2005, 2008; Milad 

& Quirk, 2002; Morgan & LeDoux, 1995). 

5.4 Concluding Remarks

At this point, potential behavioural and self-report measures have been proposed 

that could provide a means of distinguishing between trait FFFS and trait BIS. The 

primary purpose of conducting this review was to establish a potential experimental 

context within which to test the revised conceptualisation of anterior asymmetry. In this 

respect, behavioural outcomes and self-report measures associated with trait FFFS 

sensitivity (e.g., slower extinction learning; MPQ Stress- Reaction) are expected to be 

associated with greater right frontal activity/asymmetry. In contrast those aligned with 

trait BIS sensitivity (e.g., faster extinction learning; MPQ Harm Avoidance/Control) are 

not expected to bear any relationship to right frontal activity/asymmetry.

A complete a test of the revised conceptualisation of anterior asymmetry based 

on Gray's RST would ideally demonstrate a double dissociation between behavioural, 

self-report and neurophysiological markers of the BIS and FFFS. At this stage the BIS 

has been aligned at a cortical level with orbitofrontal/ventromedial regions. Although 

neuroimaging techniques such as PET or fMRI provide a means of functional and 

structural measurement in such locations with a high degree of spatial resolution, they 

have limited temporal-resolution, are time-consuming and expensive to administer, thus 

are typically only conducted on small samples, and at least for PET scans, considered 

invasive. Comparatively, the EEG provides a low-cost, non-invasive approach to the 

measurement of brain activity which although limited by poor spatial resolution, 

provides a high degree of temporal-resolution (Handy, 2005). Furthermore, as will be 

outlined in the following chapter, there is reason to believe that EEG-derived markers 

may indeed provide a sensitive means of tapping into activity within the neural 
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structures assigned by Gray and McNaughton (2000) to the BIS. Chapter 6 will thus 

present a review of potential neurophysiological markers of trait BIS sensitivity based 

on the degree to which they index BIS-related characteristics (e.g., conflict detection, 

behavioural inhibition) as well as their purported neural basis (i.e., septo-hippocampal, 

oribitofrontal/ventromedial). 
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CHAPTER 6

Neurophysiological Indices of the Behavioural Inhibition System

6.1 Theta and the Septo-hippocampal System

As reviewed in Chapter 4, the neuranatomical hub of Gray's BIS is the septo-

hippocampal system.  To reiterate, the septo-hippocampal system functions as a 

comparator which has two modes of activity: a checking mode, where it continually 

monitors for possible goal-conflict by comparing the activation of co-occuring goals, 

and a control mode, which is instigated when goal-conflict has been detected (Gray & 

McNaughton, 2000).  Once in control mode, the septo-hippocampal system inhibits all 

ongoing goal-directed behaviour and commences a process of updating and comparing 

goal representations on the basis of information obtained from risk assessment of the 

environment and scanning of memory. This process continues until goal-conflict is 

resolved.  In both checking and control modes, information is recursively passed 

between the septo-hippocampal system and its cortical/subcortical targets.  This 

recursive cycling of information is reflected in a recordable extracellular “theta rhythm” 

which is almost sinusoidal and, in humans, peaks in the 4-8 Hz range (Gray & 

McNaughton, 2000, see Figure 6-1).  

The extensive discussion of septo-hippocampal theta rhythm presented by Gray 

and McNaughton (2000) is based on extra-cellular and single-cell recordings in the rat. 

In humans, a clear theta rhythm can be recorded at the scalp using standard EEG 

procedures, though the possibility that this directly reflects volume-conducted theta 

activity generated at septo-hippocampal region is unlikely (Klimesch, 1996). There is, 

however, a view that scalp-recorded theta reflects synchronisation between activity in 

the cortex and 
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hippocampus, supported neuroanatomically by a dense series of cortico-hippocampal 

connections (Klimesch, 1996; Miller,  1991). Despite some parallels between scalp-

recorded and hippocampal theta rhythm (Klimesch, 1996), as well as the 

neuroanatomical plausibility of this view, Gray and McNaughton (2000) were reluctant 

to link septo-hippocampal theta central to their theory of BIS with that commonly 

observed in human scalp-recorded EEG.  At the time this was primarily due to the 

scarcity of research establishing a direct link between septo-hippocampal and scalp-

recorded theta (Gray & McNaughton, 2000, Appendix 5).  The purpose of this chapter is 

not to dispute this point, but to highlight an important overlap/convergence between the 

neural basis/functions proposed by Gray and McNaughton (2000) for the BIS and the 

functional/neural basis of a neurophysiological phenomena linked to scalp-recorded 

theta activity, the P300 event-related potential. As will be seen, overlap is apparent at a 

neuroanatomical, neurophysiological, behavioural and pharmacological level.  As such, 

the P300, particularly the novelty P300, is proposed here as a potential 

neurophysiological marker of the BIS. 

6.2 Event-Related Potentials (ERPs)

Event-Related Potentials (ERPs) are voltage fluctuations in the raw EEG signal 

Figure 6-1. Example of an EEG recorded human theta oscillation.

Time (s)
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that are time-locked to a particular sensory, motor or cognitive event (Friedman, 

Cycowitz, & Gaeta, 2001).  It is now widely accepted these voltage fluctuations result 

from intracortical currents induced by inhibitory and excitatory post-synaptic potentials 

(Frodl-Bauch, Bottlender, Hergel, 2005).  Within a controlled experimental setting, the 

ERP provides a highly sensitive means of mapping the time-course of neural activity 

occurring in response to a particular eliciting event (Friedman et al. 2001). Components 

of the ERP are labelled according to the direction of the voltage fluctuation and the 

approximate time post-stimulus onset that the peak amplitude occurs (Ranganath & 

Rainer, 2003). For instance the N200 is a negative going potential peaking 

approximately 200ms post-stimulus onset (Ranganath & Rainer, 2003).

6.2.1 The P300 Event-Related Potential

For several decades researchers have attempted to elucidate the functional 

significance of individual ERP components. The most studied of these is the P300 

(Polich & Criado, 2006). The P300 is elicited when attention is drawn to a new stimulus 

(Friedman et al., 2001).   It is typically investigated using an oddball paradigm where an 

infrequent target stimulus (occurs on 10-20% of trials) must be responded to when 

presented amongst frequent non-target stimuli (occurs on 80 to 90% of trials), for which 

a response is not required. The infrequent target stimuli elicit a large, positive potential 

that peaks approximately 300-600ms post stimulus onset (see Figure 6-2) and exhibits a 

maximum amplitude at posterior scalp locations ( Polich & Criado, 2006; Squire, 

Squire, & Hillyard, 1975).  This target P300 is thought to reflect attentional, working 

memory and long-term storage processes (Linden, 2005; Polich & Criado, 2006). 

Essentially, attention is drawn to a new stimulus which is then compared in working 

memory to a mental model of expected stimulus outcomes.  If the current stimulus 

conflicts with this mental model 
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Figure 6-2. The target and novelty P300 responses and their relative scalp topography. 

Image reproduced from Rangarath and Rainer (2003).

(i.e., unexpected infrequent target vs expected frequent non-target) the model must be 

updated so that an appropriate response can be executed (Linden, 2005; Polich & 

Criado, 2006).  This latter stage requires retrieval of the stimulus-response 

representation from long-term memory store (Polich, 2007).

Some years after the discovery of the P300 elicited to infrequent target stimuli a 

slightly earlier P300-like component was identified in response to infrequent novel 

(each stimulus is unique) or non-novel distractor stimuli presented within a standard 

oddball paradigm (Polich, 2007). Like the target stimuli, novel or non-novel distractor 

stimuli occur on only 10 to 20% of trials, however, unlike target stimuli, which require a 

response to be made, participants are explicitly instructed to ignore (not respond to) 

novel or non-novel distractor stimuli. As illustrated in Figure 6-2, the positive 
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component elicited to novel or non-novel distractor stimuli exhibits an earlier peak, 

approximately 200-400ms post-stimulus onset and is maximal at centro-anterior regions 

(Friedman et al., 2001; Squire et al., 1975). This earlier centro-anteriorly maximal P300 

response was subsequently named the P3a and the later, posteriorly maximal P300, the 

P3b (Polich & Criado, 2006).  The P3a has been linked to the attentional processes 

involved in orienting to a new, salient stimulus as well as inhibition of the prepotent 

response to the target stimuli (Friedman, 2001; Linden, 2005; Polich, 2007). The later 

P3b response is thought to primarily reflect the context-updating and retrieval processes 

supported by temporo-parietal regions (Polich & Criado, 2007). 

A P300 response has also been observed in go/no-go paradigms. Here, 

individuals are required to respond to go stimuli and withhold a response to no-go 

stimuli (Bokura, Yamaguchi & Kobayashi, 2001; Kamarajan et al., 2006).   No-go 

stimuli elicit an an enhanced amplitude P300 that is maximal at anterior locations and 

peaks approximately 300-600ms post-stimulus onset (Bokura et al.,2001; Kamarajan et 

al., 2006). Recently it has been argued that the no-go, novelty and distractor P300 

responses are variants of the same underlying potential, largely a P3a response, and that 

differences in latency and scalp topography of the observed ERP components are simply 

attributable to varying task and attentional demands (for review see Polich, 2007).  

To summarise, the P3a is thought to reflect early attentional processes involved 

in orienting to a new/salient stimulus and possibly behavioural inhibition processes, 

particularly in the case of the no-go P300 (Polich & Criado, 2006).  In contrast, P3b 

responses are thought to reflect later context updating and retrieval processes (Polich & 

Criado, 2006).  It is widely agreed that the P300 responses to target, novel, distractor or 

no-go stimuli represent, to varying degrees, both a P3a and P3b component overlapping 

in time (Knight, 1996; Polich & Criado, 2006).  Accordingly, the posteriorly maximal 
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target P300 reflects a large P3b and smaller P3a component and the centro-anteriorly 

maximal response to novelty, distractors or no-go oddball stimuli primarily a P3a 

component with minimal P3b contribution (Knight, 1996; Linden, 2005; Polich & 

Criado, 2006).

6.3 P300 as a Reflection of Conflict between Expected and Actual Outcomes

The P300 response is sensitive to the probability of the current stimulus both on 

a global level (i.e., general probability of outcome occurring) and local level (i.e., the 

preceding series of stimuli) (Nieuwenhuis, Aston-Jones, & Cohen, 2005).  Amplitude of 

the P300 increases as the probability of the stimulus outcome decreases, or in other 

words, where conflict between actual and expected stimulus outcomes increases 

(Duncan-Johnson, & Donchin, 1977; Gonsalvez & Polich, 2002).  As discussed in 

Chapter 3, BIS activation occurs not only in response to conflict between explicit 

behavioural goals, but also between expected and actual outcomes (Gray & 

McNaughton, 2000).  Thus the conditions resulting in P300 elicitation hold inherent 

conflict between expected and actual outcomes and are thus theoretically sufficient for 

BIS activation.   Furthermore, the relationship between degree of conflict and P300 

amplitude suggests that P300 amplitude may, at least in part, reflect degree of BIS 

activation.  Responses to novelty are especially relevant to tests of Gray's theory of BIS. 

Novelty, inherently elicits approach-avoidance conflict and is thus considered by Gray 

and McNaughton (2000) as a condition underwhich BIS activation would be expected. 

Thus the presentation of a novel oddball stimulus may elicit two levels of conflict, one 

level being the extent to which the novel stimulus, as an oddball, conflicts with the 

expected standard stimulus outcome, and the second level of conflict being the inherent 

approach-avoidance conflict elicited by the stimulus novelty.  
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6.4 P300 and Frontal Theta Activity

The manner in which ERPs relate to ongoing EEG oscillations is a matter of 

some debate (Fell et al., 2004).  One theory argues that ERPs reflect phase-locking of 

ongoing background EEG oscillations. That is, ongoing oscillatory activity becomes 

reset and begins to fire in synchrony in response to a particular stimulus or cognitive 

event (Basar, Gonder, & Ungan, 1980; Klimesch et al., 2004; Makieg et al., 2002).  An 

alternative theory states that ERPs reflect activation and hence increased amplitude in 

particular neural assemblies that is independent of ongoing background EEG 

oscillations (Makinen, Tiitenin, & May, 2004 Yeung, Bogacz, Holroyd, & Cohen, 2004). 

Other evidence suggests that these two mechanisms are not mutually exclusive and that 

both may contribute to ERP generation (Basar, Basar-Eroglu, Rosen, & Schutt, 1984; 

Fell et al., 2004).  This appears to be the case for the P300 (Fell et al., 2004; Yordanova 

& Kolev, 1998; Yordanova, Rosso & Kolev, 2003).

The P300 elicited by an oddball stimulus reflects phase-locking and power 

increase in the theta and delta frequencies (Basar, Demilrap, Schurmann, Basar-Eroglu, 

& Ademoglu, 1999; Demilrap et al., 2004; Fell et al., 2004; Kamarajan et al., 2004; 

Karakas et al., 2000; Porjesz et al., 2005; Yordanova & Kolev, 1998; Yordanova et al., 

2003).  The increase in theta is largest at central and frontal locations, where as the delta 

increase is largest at temporo-parietal locations (Basar et al., 1999; Demiralp, 

Ademoglu, Istefanopulos, Basar-Eroglu, & Basar 2001; Kamarajan et al., 2004; 

Karakas, Erzengin, & Basar, 2000; Porjesz et al., 2005).  Theta amplitude elicited by 

novel oddball stimuli has also been found to increase with increasing novelty (Demilrap 

et al., 2001), which results in greater conflict and thus, theoretically, enhanced BIS 

activation.  Evidence linking frontal theta oscillations to the scalp recorded P300 thus 

fits well with the view of the P300 as at least a partial reflection of BIS activation. 
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However, although appealing in its theoretical continuity, the validity of this view is 

hinged on evidence linking the P300 and associated theta oscillations to septo-

hippocampal and/or cortico-hippocampal activity.  Fortunately, the neural basis of the 

P300 has been the focus of over two decades of research, including various sources of 

evidence linking this potential to frontal and hippocampal regions.

6.5 Neural basis of P3a and P3b

Research into the neural basis of the P300 has focused primarily on target and 

novelty P300 responses. Although they differ in terms of scalp topography and latency, 

with novelty P300 demonstrating an earlier, more anterior peak amplitude, latencies for 

both novelty and target P300 responses are shortest over frontal regions and longest 

over parietal regions (Polich & Criado, 2006). This supports the view that both involve 

an early frontally-mediated attentional mechanism, followed, for the target P300, by 

later context-updating and retrieval processes supported by temporo-parietal regions 

(Polich, 2007).  As well, the conditions under which both the novelty and target P300 

arise involve some degree of conflict between expected and actual outcomes, and thus 

both may reflect, at least in part, BIS activation.  Given the overlap in function and 

topographic latency distribution, it is not surprising that the novelty and target P300 also 

appear to share both distinct and overlapping neural generators.

6.5.1 Target P300.  

The earliest investigations of the neural basis of the target P300 involved 

intracranial recordings of of medial temporal/hippocampal regions undertaken on 

individuals with retractable epilepsy during pre-surgical evaluation (Halgren et al., 

1980; 1995a,b). Individuals are conscious during this procedure and can complete 

oddball tasks whilst depth electrodes record activity from intracranial sources. Both 

these early studies and numerous investigations since have reported the same robust 
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finding: where recordings are taken at the hippocampus, a large (up to 10 times that 

seen at scalp locations) P300 response (with reversed polarity) is observed to target 

oddball stimuli (Fell et al., 2004; Halgren et al., 1980, 1995b; Heit, Smith, & Halgren, 

1990; McCarthy, Wood, Williamson, & Spencer, 1989; Opitz, Mecklinger, von Cramon, 

& Krugel, 1999; Rektor, Brazdil, Nestrasil, Bares, & Daniel, 2007; Rosburg et al., 2007; 

Sochurkova, Brazdil, Jurak, & Rector, 2006; Stapleton & Halgren, 1987;  Stern et al., 

1996;  Yamaguchi, Hale, D'Esposito, & Knight, 2004).  Like that recorded at the scalp, 

the hippocampal P300 is partially the result of phase-locking and power increase in 

theta oscillations (Fell et al., 2004). 

Evidence derived from intracranial recordings is further supported by 

neuroimaging and source localisation studies reporting hippocampal sources for target 

P300 generation (Crottaz-Herbette, Lau, Glover,&  Memon, 2005;  Kiehl, Laurens, 

Duty, Forster, & Liddle, 200l; Menon, Ford, Lim, Glover, & Pfefferbaum,1997; 

Sochurkova et al., 2006; Strange and Dolan, 2001).  Studies utilising 

magnetoencephalographic (MEG) techniques, which provide greater spatial resolution 

than EEG techniques, have also identified hippocampal generators for the P300 

response to target stimuli (Hamada, Sugino, Kado, & Suzuki, 2004; Kikuchi et al., 

1997; Nishitani et al., 1998; Tesche, Karhu, & Tissari, 1996). A robust relationship was 

also recently observed between hippocampal glutamate and frontal theta oscillations to 

target stimuli (Gallinat et al., 2006). Glutamate is the primary excitatory 

neurotransmitter within the hippocampus proper and higher glutamate concentrations 

should infer greater hippocampal cell output hence higher amplitude hippocampal theta 

activity (Gallinat et al., 2006; Gray & McNaughton, 2000). Gallinat et al. (2006) 

observed that higher amplitude theta to target stimuli at frontal scalp locations, which is 

known to accompany P300 generation, was associated with higher hippocampal 
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glutamate. These findings present an important link between hippocampal activity and 

frontal theta oscillations to target oddball stimuli. 

Contention over hippocampal involvement in target P300 generation is due in 

part to inconsistent findings among neuroimaging studies, with several studies failing to 

observe hippocampal activation to target oddball stimuli (e.g., Ardekani et al., 2002; 

Casey et al., 2001; Downar, Crawley, Mikulis & Davis, 2002; Higashima et al., 1996; 

Horn, Syed, Lanfermann, Maurer & Dierks, 2003; Linden et al., 1999; Kirino, Belger, 

Goldman-Rakic & McCarthy, 2000; McCarthy, Luby, Gore & Goldman-Rakic, 1997; 

Menon, Ford, Lim, Glover & Pfefferbaum, 1997; Opitz et al., 1999). Crottaz-Herbette et 

al. (2005) argue that a failure to observe hippocampal activation in these studies may 

have been due to signal drop out caused by air-tissue interfaces in medial 

temporal/hippocampal regions or to poor coverage of the hippocampal region during 

imaging.  However, evidence from lesion studies suggests that hippocampal 

involvement in target P300 generation may be related to the fronto-central P3a 

component but may not be directly related to P3b generation.  Studies of individuals 

with hippocampal and medial-temporal lesions show an intact posterior P3b but a 

somewhat reduced fronto-central P3a to target stimuli (Knight, 1996; Molnar, 1994; 

Polich & Squire, 1993).  

In contrast to hippocampal lesions, damage to temporo-parietal regions does 

produce a significantly diminished P3b (Knight, Scabini, Woods & Clayworth, 1989; 

Verleger, Heide, Butt & Kompf, 1994; Yamaguchi & Knight, 1992). Such findings, in 

conjunction with evidence derived from intracranial recordings, source localisation and 

neuroimaging methods (e.g., Alain, Richer, Achim & Saint-Hilaire, 1989; Baudena et 

al., 1995; Bledowski et al., 2004; Brazdil et al., 2005; Ford et al., 1994; Halgren et al., 

1995; McCarthy et al., 1989; Menon et al., 1997; Mulert et al., 2004; Smith et al., 1990) 
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have led to the conclusion that key P3b neural generators lie in temporo-parietal 

regions. Neural sources within the prefrontal cortex (both midfrontal and dorsolateral) 

and anterior and posterior cingulate have also often been reported in relation to target 

P300 generation (Alain et al., 1989; Baudena et al., 1995; Brazdil et al., 1999; Daffner, 

2000; Halgen, Marinkovic & Chauvel, 1998; Smith et al., 1990). Indeed, frontal lobe 

damage results in a reduced P300 to target stimuli at frontal locations but leaves 

posterior P300 intact.  Again these results suggest that diminished frontal responses to 

target stimuli reflect attenuation of the frontally maximal P3a component whilst leaving 

the P3b component intact. 

Finally, although findings from lesion studies have been taken as clear evidence 

against the role of hippocampal regions in P3b generation, they do not necessarily rule 

out hippocampal involvement (Halgren et al., 1998; Linden, 2005).  The presence of 

several potential neural generators for the target P300 present the possibility that other 

sites compensate for compromised hippocampal function, resulting in an intact P3b as 

well as preserved target detection and response at a behavioural level (Halgren et al., 

1998; Linden, 2005).  This view of the target detection system as demonstrating a high 

degree of compensatory plasticity derives further support from findings that while 

temporo-parietal damage results in a diminished scalp recorded P3b, behavioural 

performance remains largely unaffected (Knight, 1997). 

6.5.2 Novelty P300. 

Neural sources for the novelty P300 have been primarily identified within 

hippocampal and frontal cortical regions. A diffuse frontal cortical generator, including 

dorsolateral, ventrolateral and orbitofrontal regions has been linked to novelty P300 

generation (Alain et al., 1989; Baudena et al., 1995; Bunzeck et al., 2007; Daffner et al., 

2000;  Ford et al., 1994; Knight, 1997; Knight & Scabini, 1998).  Evidence includes a 
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reduction in P300 amplitude following frontal lobe damage (Daffner et al., 2000; 

Knight, 1984; 1997). As well, individual differences in the novelty P300 amplitude have 

been found to correlate positively with frontal gray matter volume (Ford et al., 1994). 

Other cortical regions linked to novelty P300 generation include temporo-parietal and 

cingulate regions (Bledowski et al., 2004; Baudena et al., 1995; Halgren et al., 1995a,b; 

Knight et al., 1989; Knight, 1997; Yamaguchi & Knight, 1991). Indeed, temporo-

parietal lesions have been found to reduce P300 responses to novelty (Knight et al., 

1989; Knight, 1997; Yamaguchi & Knight, 1991).

Hippocampal regions are also critical for novelty P300 generation. Knight 

(1996) found that whilst medial temporal/hippocampal lesions had no discernable 

impact on posterior responses to target stimuli, they almost entirely abolished the 

novelty P300 at frontal sites.  Intracranial recordings, neuroimaging and source 

localisation studies have also provided extensive evidence of hippocampal involvement 

in novelty P300 generation (e.g., Fell et al., 2004; Halgren et al., 1980, 1995; Heit et al., 

1990; McCarthy et al., 1989; Rektor et al., 2007; Rosburg et al., 2007; Sochurkova, et 

al., 2006; Stapleton and Halgren, 1987; Strange & Dolan, 2001).  Reductions in novelty 

P300 responses following hippocampal lesions are paralleled by disturbances in 

behavioural and physiological signs of orienting to novelty (Knight, 1996). The 

identification of frontal and hippocampal generators for the novelty P300 response is 

consistent with the broader literature on the neural basis of novelty processing (for 

review see Ranganath & Rainer, 2003).  Furthermore, various sources of evidence also 

demonstrate a fundamental role for human hippocampal and medial frontal regions in 

conflict monitoring/detection (e.g., Arana et al., 2003; Cohen, Ridderinkhof, Haupt, 

Elger, & Fell, 2008;  Gehring & Knight, 2000; Lau et al., 2006; Ploghaus et al., 2000; 

Strange & Dolan, 2001; Strange, Fletcher, Henson, Friston, & Dolan, 1999; West et al., 
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2004; van Veen & Carter, 2002; 2006).  This is consonant with the view that responses 

to novel oddball stimuli involve inherent conflict which elicits activation in a septo-

hippocampal-prefrontal BIS network.  

In sum, novelty and target P300 responses are comprised, to varying degrees, of 

overlapping P3a and P3b components.  These components are further thought to reflect 

activity within distinct neural systems (Polich & Criado, 2006). Converging evidence 

from intracranial recordings, lesion, neuroimaging and source localisation studies show 

that key neural generators underlying the target P300 lie in temporo-parietal regions. A 

great deal of evidence also suggests that frontal and hippocampal regions are involved 

in processing target stimuli. Damage to these areas has some effect on frontal P300 

responses to target stimuli but no effect on posterior P300 responses.  In contrast to 

target stimuli, P300 responses to novelty seem to be most critically linked to 

hippocampal and frontal regions, although a role for temporo-parietal and cingulate 

cortical regions is also implicated.  On the basis of this evidence it seems plausible to 

suggest that temporo-parietal regions are primarily responsible for P3b generation 

where as the P3a reflects activity in a hippocampal-frontal network (Linden, 2005; 

Polich & Criado, 2006).  

6.6 Interim Summary

At this point several sources of evidence have been presented to demonstrate the 

neuranatomical, behavioural and neurophysiological overlap between Gray's theory of 

BIS and a well documented neurophysiological phenomenon, the P300 event-related 

potential. Several key points and some interim conclusions can be drawn from this 

discussion. Firstly, activity in the septo-hippocampal system is accompanied by an 

extracellular theta response.  This may directly, or indirectly, underlie the theta response 

observed at the scalp. Although evidence directly linking frontal theta to hippocampal 
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theta is lacking, an interesting convergence does exist between the neural/functional 

basis proposed for the BIS and that observed for the P300 event-related potential. 

Firstly, the conditions for the elicitation of a P300 response require some degree of 

conflict between actual and expected outcomes and are thus consistent with the 

conditions for BIS activation.  Moreover, as this conflict increases, the amplitude of the 

P300 response also increases, suggesting that P300 amplitude may index the degree of 

BIS activation.  The P300 response is also known to result from phase-locking and 

power increase in frontal theta oscillations recorded at the scalp. Finally, activity in a 

hippocampal-frontal system has been proposed as the basis for the P3a, a subcomponent 

of the P300 predominantly reflected in the novelty P300, and to some extent in the 

target P300.  Thus, three key sources of evidence link the P300 ERP, in particular the 

P3a component, to Gray's BIS: the behavioural conditions underwhich P300 is elicited; 

the role of frontal theta oscillations in P300 generation (as well as early evidence linking 

these oscillations to hippocampal activity, Gallinat et al., 2006); and, finally, the 

presence of key neural generators of the P3a within hippocampal and frontal regions. 

On this basis alone it would be reasonable to suggest that the P3a component of the 

P300 reflects BIS activation and that the novelty P300 (which largely reflects the P3a 

response) may provide a neurophysiological index of Gray's BIS.  However, in addition 

to the evidence already reviewed, there also exists overlap in the behavioural/clinical 

manifestations as well as pharmacological aspects of the BIS and P300.  This will 

constitute the focus of the remainder of this chapter. Firstly, however, new evidence 

linking hippocampal interactions to frontal theta elicited by conflict will be briefly 

highlighted. 

6.7 Hippocampal-prefrontal Interactions: Frontal Theta and Conflict

As illustrated above, there exists an extensive body of literature linking the 
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novelty P300 as well as novelty processing and conflict monitoring/detection generally 

to hippocampal and prefrontal regions. Another key point introduced earlier is that the 

P300 partially reflects an enhancement in frontal theta oscillations. This naturally raises 

the question as to whether these oddball elicited frontal-theta oscillations are themselves 

a reflection of hippocampal-frontal cortical interactions. Over the last few years new 

evidence has come to light which lends weight to this notion. Recent evidence from 

rodent studies has provided important evidence of functional coupling of activity in the 

medial PFC to the hippocampal theta rhythm (Jones & Wilson, 2005a,b; Siapas et al., 

2005; Young & McNaughton, 2009). Young and McNaughton (2009) demonstrated that 

both the prefrontal cortex and hippocampus can independently generate theta but that 

functional coupling between these two regions is strongest during exploration, which 

importantly, represents a BIS-mediated process.  In humans, Gallinat et al. (2006) 

recently demonstrated that frontal theta elicited in response to target stimuli was 

associated with glutamate concentration in the hippocampus, indicative of greater 

hippocampal activity. A similar functional coupling was also recently observed during a 

flanker task, a standard method of eliciting response-conflict, between activity within 

the medial prefrontal cortex and theta responses at Cz and Fz scalp locations (Cohen et 

al., 2008).

The studies presented here provide some preliminary support for the view that 

conflict-elicited frontal theta oscillations reflect functional coupling between the 

hippocampus and frontal cortical regions. Although more studies are needed, 

particularly at a human level, the findings to date are promising and  present an 

important link in the argument presented here that P300, particularly the P3a 

component, reflects activity in Gray's BIS.  
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6.8 P300 and Behavioural Inhibition

 One of the most robust findings in the neurophysiological literature has been a 

reduced P300 amplitude in relation to traits and disorders associated with poor 

inhibitory control/impulsivity (for a review see Porjesz et al., 2005).  A reduced P300 

amplitude to target stimuli has been most extensively documented among individuals 

with alcohol/drug dependence (for reviews see Polich, Pollock, & Bloom, 1994; Porjesz 

et al., 2005).  The presence of a reduced target P300 among the high-risk offspring of 

alcohol/drug dependent individuals, as well as children/adolescents who go on to 

develop substance use problems during early adulthood, indicates that a reduced target 

P300 is not a result of alcohol/drug consumption, but represents as a pre-morbid marker 

of risk (Berman, Whipple, Fitch, & Noble, 1993; Carlson, Iacono, & McGue, 2004; 

Carlson, McLarnon, & Iacono, 2007; Hill, Steinhauer, Lowers, & Locke, 1995; Iacono, 

Carlson, Malone, & McGue, 2002; Polich et al., 1994; Porjesz et al., 2005).  

A reduced P300 response to target stimuli is not only observed in relation to 

substance use disorders but is also present across a broader spectrum of disorders 

characterised by poor behavioural inhibition/constraint, including adults with anti-social 

personality disorder (Costa et al., 2000; Hesselbrock et al., 1993; Iacono et al., 2002; 

Justus, Finn & Steinmetz, 2001; Kiehl, Hare, Liddle & McDonald, 1999, Kiehl, Smith, 

Hare & Liddle, 2000), and children with Conduct Disorder (Bauer & Hesselbrock, 

1999a,b, 2003; Iacono et al., 2002), and Attention Deficit Hyperactivity Disorder 

(Banaschewski et al., 2003; Jonkman et al., 1997; Overtoom et al., 1998; Steger et al., 

2000; van der Stelt et al., 2001). 

Despite a focus on target P300 amplitude among the studies cited above, P300 

amplitude reductions are not limited to target stimuli per se, but have also been 

observed among substance dependent individuals and their high risk offspring in 
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response to novel and no-go stimuli (e.g., Biggins, MacKay, Clark & Fein, 1997; 

Cohen, Porjesz, Begleiter and Wang, 1997a,b; Hada , Porjesz, Begleiter, & Polich, 

2000; Hada, Porjesz, Chorlian, Begleiter, & Polich, 2001; Kamarajan et al., 2004; Van 

der Stelt, Geesken, Gunning, Snel, & Kok, 1998). 

Importantly, a relationship between behavioural inhibition and P300 amplitude is 

not limited to clinical manifestations of behavioural disinhibition, but can also be 

observed at a trait level. Table 6-1 summarises studies which have examined the 

relationship between P300 and self-report measures presented in Chapter 5 as potential 

markers of trait BIS, that is MPQ Harm avoidance and Control as well the Rash 

Impulsiveness measures proposed by Dawe and Loxton (2004). Given that a reduced 

P300 amplitude is associated with clinical manifestations of behavioural disinhibition, a 

higher P300 amplitude is taken to index greater trait behavioural inhibition, thus a 

negative relationship would be expected between rash impulsiveness measures and 

P300 amplitude. As can be seen from Table 6-1 for most studies conducted to date, this 

is indeed the case. Two studies have reported a negative correlation between 

Zuckerman's (1994) SSS and target P300 amplitude (Ratsma et al., 2001; Wang & 

Wang, 2001).  In a relatively large sample, Justus et al. (2001) also reported a negative 

correlation between an impulsivity factor and target P300 amplitude, but only for males. 

Negative correlations have also been observed between target P300 amplitude and 

scores on the Barratt Impulsiveness Scale (BIS-11, Patton et al., 1995; Chen et al., 

2007). In contrast, the TCI Novelty Seeking Scale (Cloninger et al., 1994) has been 

found to either correlate positively (Hansenne, 1999) or not at all (Vedeniapin et al., 

2001) with P300 amplitude (Hansenne, 1999; Vedeniapin et al., 2001).  Nijs et al. 

(2007) also recently reported a positive correlation between target P300 amplitude and 

the Carver and White (1994) BAS fun-seeking subscale, though intriguingly they did 
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not examine midline electrodes (i.e., Fz, Cz, Pz, standard sites of analysis in this area), 

with the reported effect observed at a lateral right frontal region only.  Of the studies 

presented in Table 6-1, only one study examined the relationship between novelty P300 

and trait impulsivity/behavioural disinhibition.  Ratsma et al. (2001) found that SSS 

scores correlated negatively with novelty P300 amplitude. 

Several studies have also examined the relationship between trait and clinical 

manifestations of disinhibition and the event-related delta and theta oscillations that 

underlie P300 responses. Kamarajan et al. (2004) examined delta and theta components 

of P300 responses to go and no-go stimuli in a group of aclohol-dependent individuals 

and healthy controls.  Alcohol dependent individuals exhibited reduced delta and theta 

oscillations, however, where as delta reductions were widespread and apparent for both 

go and no-go stimuli, theta reductions were apparent only for the no-go stimuli in 

frontal regions.  Reduced theta and delta power changes to target and no-go stimuli have 

also been observed in the offspring of alcohol-dependent individuals (Kamarajan et al., 

2006; Rangaswamy et al. 2007). 

Jones et al. (2006) also recently demonstrated that decompoition of the P300 into 

delta and theta components improved the discrimination between alcohol-dependent 

individuals and healthy controls over standard P300 amplitude measures.  More 

recently, Kamarajan et al. (2008) found that the theta component of P300 responses 

elicited by monetary gain and loss outcome stimuli was negatively associated with both 

self-report and behavioural measures of impulsivity.  Finally, although presenting an 

indirect link, Gallinat et al. (2007) found that hippocampal glutamate, which as 

previously mentioned correlates positively with frontal theta oscillations to target 

stimuli (Gallinat et al., 2006), also correlates negatively with SSS scores.
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Table  6-1 

Summary of studies examining the relationship between trait measures aligned with the BIS and P300 amplitude. 

Authors/Year Participants Trait measure Oddball task
Relationship between trait 

measure and P300 amplituded

Target/Novelty 
P300 and electrode 

site
Chen et al. (2007) 57(47 male) alcohol 

dependent individuals . 
Barrett-11 Three stimulus visual 

oddball (didn't analyse 
novels)

Negative (groups combined) Target P300
Pz and Cz, strongest 
at Pz.

Hansenne (1999) 43 (18 male) healthy 
volunteers.

TCI Novelty seeking Two-stimulus auditory 
oddball.

Positive Target P300; Pz and 
Cz, strongest at Pz.

Justus, Finn and 
Steinmetz (2001)

190 (84 male) 
disinhibited 
individuals  

Three latent factors:; 
Impulsivitya, Excitement 
Seekingb and Harm 
Avoidancec 

Three stimulus visual 
oddball  (but didn't 
analyse distractors). 

Negative (Effects for 
Impulsivity factor only and 
males only).

Target P300
Fz, Cz and Pz 
Strongest at Fz

Moeller et al. 
(2004)

17 cocaine-dependent 
individuals (12 male) 
and 14 healthy controls 
(7 male). 

Barratt-11 Two stimulus auditory 
oddball 

Negative (groups combined) Target P300; 
reported at Pz only.

Nijs, Franken, and 
Smulders (2007)

44 (20 male) healthy 
volunteers 

CW-BAS Fun Seeking Two stimulus auditory 
oddball 

Positive Target P300; right 
lateral frontal 
locations 
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Authors/Year Participants Trait measure Oddball task
Relationship between trait 

measure and P300 amplituded

Target/Novelty 
P300 and electrode 

site
Ratsma et al. (2001) 57 (16 male ) offspring 

of alcohol dependent 
individuals.

SSS (all subscales) Three three stimulus 
visual oddball

Negative Target and Novelty 
P300; effects 
reported at Pz only. 

Vedeniapin, 
Anokhin, Sirevaag, 
Rohrbaugh, and 
Cloninger (2001)

45 (10 male) offspring 
of alcohol dependent 
individuals and 13 (4 
male) healthy controls.

TPQ Novelty seeking Three stimulus visual 
oddball  (but didn't 
analyse novels). 

No relationship. NA

Wang and Wang 
(2001)

39 (15 male) healthy 
volunteers.

SSS (all subscales) Two stimulus auditory 
oddball 

Negative Target P300; Fz, Cz 
and Pz,  strongest at 
Pz

 
Note. Three stimulus oddball task involves a target, frequent nontarget and either a novel or non-novel distractor stimulus.

a. Impulsivity Factor = I7 + MPQ Control; b. Excitement Seeking Factor = Disinhibited + Boredom Susceptibility subscales of the SSS; c. Harm Avoidance Facotr = MPQ Harm 

Avoidance + Eysenck Venturesomeness subscale + Thrill and Adventure Seeking subscale of the SSS; d. Reported relationships are linear and based on either pearsons correlations 

or regression co-efficients.
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In sum, a reduced target and novelty P300 has been observed across a variety of 

clinical disorders and traits characterised by poor behavioural inhibition/constraint, to 

the extent that it is now considered a reliable phenotypic marker of behavioural 

disinhibition (Carlson et al., 2007).   More recent studies have found that the theta 

component of the P300 also appears to present a marker for behavioural disinhibition. 

Assuming that the P300 does partially reflect activity in Gray's BIS, and considering 

evidence linking hippocampal theta to frontal theta oscillations, it could be argued that 

the theta component of the P300 may provide a more sensitive index of BIS activity 

than the P300 itself.  The findings of Jones et al. (2006) present some support for this 

notion in that decomposotion of the P300 into its theta and delta components improved 

discrimination between alcohol-dependent and control individuals.  Overall, the robust 

evidence linking target and novelty P300 to behavioural inhibition provides additional 

support to the view presented here that the P300 is a reflection, at least in part, of 

activity in Gray's BIS.  

6.9 Anxiolytics and the P300

The effect of anxiolytics on the functioning of the septo-hippocampal system is 

central to Gray's neuropsychological theory of anxiety (Gray & McNauughton, 2000). 

Anxiolytics act to impair the functioning of the BIS, mirroring the effects of septo-

hippocampal lesions (Gray & McNaughton, 2000). If, as argued here, the P300 reflects 

BIS activity, anxiolytic drugs would be expected to reduce the appearance of the P300. 

Table 6-2 summarises studies which have examined the effect of anxiolytics on P300 

amplitude.  Benzodiazapines and ethanol are classed as classical anxiolytics as they all 

share the same property of of enhancing the effects of GABA, an inhibitory 

neurotransitter.  Five of the seven studies involving administration of a benzodiazapine 

and benzodiazapine derivatives reported a significant reduction in P300 amplitude in a 
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two-stimulus oddball paradigm (Engelhardt et al., 1992; Lindhardt et al., 2001; 

Pooviboonsuk et al., 1996; Semlitsch et al., 1995; Unrug et al., 1997).  In contrast, Ray 

et al. (1992) found no effect of diazepam relative to a placebo on P300 amplitude. Both 

Unrug et al. (1997) and Ray et al. (1992) administered 10mg of diazepam and examined 

P300 within a a two-stimulus auditory oddball task.  However,  Ray et al. (1992) 

employed a markedly smaller sample size, thus the nonsignificant reduction in P300 

observed by this group may be related to reduced statistical power. Pang and Fowler 

(1994) also found no effect of triazolam, a benzodiazapine derivative, on P300 

amplitude even though their findings were based on a sample size comparable to studies 

reporting significant effects (e.g., Engelhardt et al., 1992; Pooviboonsuk et al., 1996). 

Notably, all studies cited, including those failing to find reduced amplitude effects, 

report robust increases in target P300 latency (later peak amplitude). 

The effects  of ethanol, also a classical anxiolytic, on P300 amplitude are 

comparatively robust.  All six studies presented in Table 6-2 reported a significant  P300 

was discernable.  As well, where studies have reported electrode site effects, the 

strongest effects have been reported frontal or central locations (Alain et al., 1989; 

Baudena et al., 1995; Bunzeck et al., 2007; Daffner et al., 2000;  Ford et al., 1994; 

Knight, 1997; Knight & Scabini, 1998) which fits with a P3a versus a P3b interpretation 

of the anxiolytic amplitude effect.  

Finally, a more recent anxiolytic, suriclone has also been found to produce a 

small reduction in target P300 amplitude (Semlitsch et al., 1995).  Suriclone, although 

chemically distinct, does bind to benzodiazepine receptors and exhibits a very similar 

pharmacological profile to the benzodiazepines (Blanchard & Julou, 1983). Buspirone, 

a novel anxiolytic which acts as a serotonin receptor agonist,  has also been found to 

reduce target P300 amplitude (Unrug et al., 1997).  The finding of reduced P300 in
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Table 6-2. 

Summary of studies examining the effect of anxiolytic administration on P300 amplitude. 

Authors/Year Participants Anxiolytic Oddball task
Effect of anxiolytic measure 

and P300 amplituded

Target/Novelty 
P300 and electrode 

site
Campbell and 
Lowick (1987)

10 healthy volunteers 
(gender not specified)

Ethanol relative to 
placebo

Three stimulus 
auditory oddball (non-
novel distractor tones) 

Reduction Effect for P300 to 
distractor but not 
target stimuli; site 
effects not reported.

Campbell, Marois, 
and Arcand (1984)

10 healthy volunteers 
(gender not specified)

Ethanol relative to 
placebo

Two stimulus auditory 
oddball 

Reduction Target P300; Cz 
(only site reported)

Colrain et al. (1993) 10 (10 male) healthy 
volunteers

Ethanol – three different 
doses plus a placebo

two stimulus visual 
oddball        

Reduction Target P300; site 
effects not reported. 

Engelhardt, Friess, 
Hartung, Sold, and 
Dierks (1992)

12 (6 male) health 
volunteers

Midazolam 
(benzodiazepine 
derivative) and 
flumazenil 
(benzodiazepine 
antagoinst)

Two-stimulus auditory 
oddball task

Reduction Target P300; largest 
at Cz.

Lindhardt, 
Gizurarson, 
Stefansson, 
Olafsson, and 
Bechgaard (2001)

8 (3 male) healthy 
volunteers.

Diazepam 
(benzodiazepine) relative 
to placebo condition

Two-stimulus auditory 
oddball task

Reduction Target P300; largest 
at Cz.
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Authors/Year Participants Anxiolytic Oddball task
Effect of anxiolytic measure 

and P300 amplituded

Target/Novelty 
P300 and electrode 

site
Lukas, Mendelson, 
Kouri, Bolduc, and 
Amass (1990).

4 (4 male) healthy 
volunteers.

Ethanol (vodka) relative 
to placebo

Two stimulus auditory 
oddball 

Reduction Target P300; Effects 
at Cz.

Marinkovic, 
Halgren & Maltzen 
(2001)

12 (12 male) healthy 
volunteers.

Ethanol (vodka) relative 
to placebo

Three stimulus 
auditory oddball 
(novel tones)

Reduction Novelty and Target 
P300; Largest at Fz 
for Novelty and Pz 
for Target.

Pang and Fowler 
(1994)

12 (7 male) healthy 
volunteers. 

Triazolam 
(benzodiazepine 
derivative) relative to 
placebo                     

two stimulus visual 
oddball (names as 
stimuli).

No effect. NA

Pooviboonsuk, 
Dalton, Curran and 
Lader (1996)

12 (6 male) healthy 
volunteers.

Lorazepam 
(benzodiazepine) relative 
to placebo 

Two-stimulus auditory 
oddball task

Reduction Target P300; site 
effects not reported. 

Ray, Meador, and 
Loring (1992)

8 (3 male) healthy 
volunteers.

Diazepam 
(benzodiazepine) relative 
to placebo condition 

Two stimulus auditory 
oddball 

No effect. NA

Rohrbaugh et al. 
(1987)

12 healthy individuals 
(12 males) mean age 
23.2 years.

Ethanol – four different 
doses plus a placebo

two stimulus visual 
oddball (digits ast 
stimuli).

Reduction Target P300
Pz (only site 
reported)
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Authors/Year Participants Anxiolytic Oddball task
Effect of anxiolytic measure 

and P300 amplituded

Target/Novelty 
P300 and electrode 

site
Semlitsch, Anderer, 
and Saletu (1995)

15  (5 male) healthy 
volunteers. 

Alprazolam 
(benzodiazepine) and 
suriclone (anxiolytic - act 
at benzodiazepine 
receptor) relative to 
placebo                       

Two-stimulus auditory 
oddball task

Reduction Target P300; scalp-
wide reductions. 
Site effects not 
reported.

Teo and Ferguson 
(1986)

13 (9 male) healthy 
volunteers. 

Ethanol: increasing doses 
from zero ethanol.

Two stimulus auditory 
oddball 

Reduction Target P300
Cz (only site 
reported)

Unrug, van 
Luijtelaar, Coles, 
and Coenen (1997)

24 (5 male) healthy 
volunteers. 

Diazepam and buspirone 
(anxiolytic – serotonin 
receptor agonist) relative 
to placebo.

Two stimulus auditory 
oddball 

Reduction Target P300
Largest at Cz.

Note.  Three stimulus oddball task involves a target, frequent nontarget and either a novel or non-novel distractor stimulus.
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response to novel anxiolytics such as Buspirone is important as it indicates that P300 

reductions following classical anxiolytics do not result from general sedative, euphoric 

or muscle relaxant properties associated with classical anxiolytics (Gray & 

McMaughton, 2000). 

In sum, over a period of two decades studies have consistently reported a 

reduction in P300 amplitude as an acute response to the administration of anxiolytic 

drugs.  Although such effects are reported for P300 responses to target, novel and non-

novel distractor stimuli, evidence that this effect is maximal at centro-frontal locations 

and more prominent for novelty/distractor stimuli  suggests that it may be more closely 

tied to the P3a component.  Thus the reduction in P300 response following 

administration of anxiolytics is consistent the effect of anxiolytics on BIS functioning 

and in turn the argument developed here that P300, particularly the P3a component is, at 

least in part, a reflection of BIS activity.

6.10 Conclusions

The foregoing discussion has presented several significant points of convergence 

between Gray's theory of the BIS and the P300 event-related potential.  Firstly, and 

probably most critically, generation of the novelty P300 is dependent on integrity of the 

hippocampus and frontal cortical regions.  This implies that the novelty P300 either 

directly or indirectly reflects activity in the hippocampus and frontal regions which have 

been aligned by Gray and McNaughton (2000) with the BIS.  Secondly, the conditions 

underwhich the P300, in particular, the novelty P300 , is elicited involve inherent 

conflict, and thus present conditions which are theoretically sufficient for BIS 

activation.  Moreover, the same regions involved in generation of the novelty P300 have 

been identified as critical for the processing of novel stimuli and conflict 

monitoring/detection within other human experimental paradigms. Thirdly, the P300 
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partially reflects enhanced frontal theta oscillations which, on the basis of some 

preliminary evidence, may be associated with theta activity in the septo-hippocampal 

system.  In addition, reductions of P300 amplitude have been frequently observed in 

relation to traits and disorders associated with poor behavioural inhibition.  Finally, 

anxiolytic drugs, which are  known to reduce BIS output/sensitivity, also produce a 

reduction in P300 amplitude.

Thus overlap between Gray's BIS and the P300 in particular the novelty P300 

(largely reflecting a frontal P3a component), exists at a neuroanatomical, behavioural, 

neurophysiolgical and pharmacological level.  The novelty P300 is therefore proposed 

as a neurophysiological marker of the BIS which could be utilised in future tests of the 

revised Reinforcement Sensitivity Theory at a human level.
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CHAPTER 7

Rationale for the Current Research

 Two theories have guided and influenced decades of empirical investigation into 

the biological basis of emotion, psychopathology, and personality. Gray's RST and 

Davidson's AAE model have developed from largely independent and distinct empirical 

bases, though fundamental to each is the notion that there exist separable, neurologically 

based systems that mediate approach and withdrawal motivation. Both theories see 

individual differences in the sensitivity of these systems as underlying fundamental 

traits which not only influence behaviour and affect generated in response to reward and 

punishment, but also individual vulnerability to the development of certain clinical 

disorders including depression, substance dependence and anxiety-related disorders.

Davidson's AAE model has generated considerable empirical interest. 

Unfortunately, the presence of various methodological and conceptual issues has 

resulted in generally mixed findings. Factors such as gender, handedness, co-morbidity 

in clinical samples, the use of different electrode reference schemes and baseline lengths 

have all contributed to the variance between studies to date. On top of this, the popular 

consideration of anterior asymmetry in terms of affective valence, as opposed to 

motivational direction, has resulted in a conceptual ambiguity which has further 

hindered empirical progress in this area. In addition, a series of studies by Harmon-

Jones and colleagues have raised a number of important issues that should be 

considered by future studies attempting to link activity in left and right frontal regions 

to withdrawal- and approach-related states and traits. Firstly, their findings suggest that 

reactivity in the approach/withdrawal systems, reflected in the change in left/right 

frontal activity from baseline, may be a better predictor of trait withdrawal and approach 

system sensitivity than left/right frontal activity measured during a resting baseline 



257

(Harmon-Jones et al., 2002; 2003; 2006). They also demonstrated that the relationship 

between state approach/withdrawal system activity and anterior asymmetry measures 

may be critically dependent on the expectancy of approach/withdrawal-related action 

(Harmon-Jones et al., 2003; 2006).  

Finally, the conceptual overlap between Davidson's (1998; 2002; 2004) AAE 

model and Gray's RST has been well acknowledged within the anterior asymmetry 

literature (Amodio et al., 2008; Coan & Allen, 2003; Diego et al., 2005; Harmon-Jones 

& Allen, 1997; Hewig et al., 2006) and has been addressed directly by Davidson himself 

(Sutton & Davidson, 1997). Such research has focused on the earlier version of the RST 

(Gray, 1970; 1982) and hence employed the Carver and White (1994) BIS/BAS, or 

related scales (e.g., ARES BIS scale; Hartig & Moosbrugger, 2003), to index trait 

sensitivity in the BIS and BAS. With the exception of Hewig et al. (2006), all studies 

conducted to date observed a consistent relationship between left frontal 

asymmetry/activity at baseline and scores on the BAS scale. In contrast, only two of six 

studies (Sutton & Davidson, 1997; Diego et al., 2005) reported a relationship between 

right frontal asymmetry/activity and scores on the BIS scale. When considering the 

significant revisions to the BIS and FFFS posed within the revised RST, this pattern of 

findings is not surprising. Specifically, within the revised theory it is the FFFS and not 

the BIS which mediates withdrawal from potential punishment, where as the BIS 

mediates goal-conflict and facilitates approach to sources of potential punishment 

(Gray & McNaughton, 2000). Accordingly, it is proposed here that right frontal activity 

reflects activity in the FFFS and not the BIS as previously proposed. Being based on the 

earlier BIS construct, which subsumed aspects of both the FFFS and BIS in their revised 

forms, the Carver and White (1994) BIS scale and indeed other putative measures of 

trait withdrawal system sensitivity (e.g., the STAI-T; Speilberger et al., 1983) may now 
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index both trait BIS and FFFS sensitivity and hence fail to exhibit a clear relationship 

with right frontal activity. 

 In sum, the validity of the AAE model posed by Davidson (1984; 1998; 2004), 

especially the model's proposed role of right frontal cortical regions, is still in question. 

Given the wide influence of the model within both the research and clinical community 

(see Coan and Allen, 2004; Hammond, Faulkner, Byrnes, Mastaglia & Thickbroom, 

2004; Moore 2000), future scientifically rigorous studies which aim to clarify the nature 

and significance of right frontal activity in relation to emotion/motivation are warranted. 

The current research aims to address this by controlling for the sources of variance 

identified within Chapters 2 and 3, considering the points raised by the Harmon-Jones 

group and outlined above, and critically, by testing a revised conceptualisation of 

anterior asymmetry based on Gray's RST (Gray & McNaughton, 2000).

In order to test the revised conceptualisation proposed, it was necessary to 

explore methods of distinguishing trait BIS from trait FFFS sensitivity. This constitutes 

a major hurdle faced by researchers attempting to investigate the revised RST within a 

human experimental setting. There is a marked absence of empirically validated 

measures of either construct and there has been very limited attention to this issue 

within the research community to date (exceptions include Perkins & Corr, 2006; 

Smillie et al., 2007). To address this, the applicability of existing self-report personality 

measures and behavioural paradigms to tests of the revised model of trait BIS and FFFS 

was critically explored. 

In considering self-report indices of the former BIS (CW-BIS, STAI-T, SP) 

within the context of the revised RST, it was suggested that such measures are now 

likely to reflect trait individual differences in both BIS and FFFS sensitivity. A limited 

set of experimental and neuroimaging evidence seems to support this conjecture 
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(Barros-Loscertales et al., 2006; Cherbuin et al., 2008; Dickie & Armony, 2008; Etkin et 

al., 2004; Gallinat et al., 2005; Gray et al., 2005; Perkins & Corr, 2006). Attention was 

then drawn to an as yet overlooked fundamental shift in the structure of the revised RST 

from a model placing emphasis on the BIS and BAS as the primary mediators of 

behaviour, to a clear three-factor BIS/BAS and FFFS structure. This directed the search 

for trait indices of the revised BIS and FFFS to existing three-factor models of 

personality/temperament which, as discussed in Chapter 5, now exhibit a conceptual 

resemblance to the revised RST. In particular, the MPQ Constraint and Negative 

Emotionality superfactors were explored as trait indices of the revised BIS and FFFS, 

respectively. Evidence was presented demonstrating a neurobiological (e.g., Chen et al., 

2007; Justus et al., 2001; Patton et al., 1995; Ratsma et al., 2001; Silbersweig et 

al.,2006; Wang & Wang, 2001; White & Depue, 1999), behavioural (e.g., Elkins et al., 

2006; Lilienfeld, 1997;  Lilienfeld & Penna, 2001; Taylor et al., 2000) and indirect 

pharmacological (Cowley et al., 1994) distinction between Constraint and Negative 

Emotionality that is consistent with that proposed by Gray and McNaughton (2000) for 

the BIS and FFFS. On this basis, as well as considerable conceptual overlap, the Control 

and Harm Avoidance subscales were subsequently proposed as potential trait indices of 

the revised BIS, and the Stress Reaction subscale a potential trait index of the revised 

FFFS.

In addition, on the basis of an observed psychometric and theoretically plausible 

distinction between measures of reward drive and rash impulsiveness (Dawe & Loxton, 

2004; Dawe et al., 2004), it was also proposed that while reward drive measures are 

likely indexing trait BAS sensitivity (Dawe & Loxton, 2004; Dawe et al., 2004) rash 

impulsiveness measures may provide an inverse index of trait BIS sensitivity.

Issues associated with experimentally distinguishing trait BIS and FFFS 
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sensitivity at a behavioural level were also explored. It was proposed that extinction 

learning and recall within an aversive classical conditioning paradigm may provide a 

means of resolving such issues. Based on the models of BIS and FFFS presented by 

Gray and McNaughton (2000) it was proposed that trait BIS and trait FFFS will exhibit 

opposing and hence distinguishable effects on the rate of extinction learning, and CR 

renewal during extinction recall. Specifically, high trait BIS sensitivity would be 

expected to result in faster extinction learning, and less CR renewal (greater extinction 

retention) during extinction recall. Conversely, high trait FFFS sensitivity would be 

expected to lead to slower extinction learning, and greater CR renewal (less extinction 

retention) during recall. This theoretically based distinction is consistent with research 

identifying ventromedial prefrontal and hippocampal regions as critical to extinction 

learning and recall processes (Anagnostaras et al., 2001; Corcoran et al., 2005; Gottfried 

& Dolan, 2004; Kalisch et al., 2006; Milad & Quirk, 2002; Milad et al., 2005; 2008; 

Morgan & LeDoux, 1995;  Phelps et al., 2004). As described previously, both 

ventromedial and hippocampal regions are considered part of the neural basis for the 

BIS.

Finally, it was proposed in Chapter 6 that the novelty P300 response, as well as 

its underlying frontal theta components, reflect activity in the BIS and thus provide 

valid neurophysiological markers of trait BIS sensitivity. As a basis for this claim, a 

considerable body of evidence was presented demonstrating a clear functional, 

neuroanatomical, neurophysiological, behavioural and pharmacological overlap 

between the P300 ERP and the revised model of BIS. Consequently, the P300 event-

related potential, in particular the novelty P300, presents a potential neurophysiological 

paradigm for testing the revised RST at a human level. 

On the basis of literature reviewed in the preceding chapters, three studies were 
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developed which aimed to first validate trait self-report indices of the revised BIS and 

FFFS and to then apply these to the revised conceptualisation of anterior asymmetry 

presented in Chapter 6. Studies 1 and 2 were designed to test the construct validity of 

former BIS measures (CW-BIS, SP,  STAI-T) and measures proposed here as indices of 

the revised trait BIS (Control, Harm Avoidance, I7 and Fun Seeking1) and FFFS (Stress 

Reaction) in relation to the revised models of BIS and FFFS presented by Gray and 

McNaughton (2000). This was addressed in Study 1 by exploring the factor structure of 

newly proposed and former self-report trait indices of the BIS, FFFS and BAS. Study 2 

was designed to extend on these findings by testing distinctions derived between BIS- 

and FFFS-related measures in Study 1 in relation to P300 and theta responses to 

novelty. Finally, Study 3 applied  findings from Study 1 and 2 as well as the proposed 

effects of trait BIS and FFFS on extinction learning and recall, to the the revised 

conceptualisation of anterior asymmetry which aligns right frontal regions with the 

FFFS. The various methodological and conceptual issues raised in Chapters 2 and 3 in 

relation to anterior asymmetry research were carefully considered in the design of this 

study. 

1 Funseeking and I7 are included based on Dawe and Loxton's (2004) alignment of these measures with 

Rash Impulsiveness and in turn the argument here that they may provide inverse indices of BIS. The 

selection of I7 over other Rash Impulsiveness measures (e.g. Barratt-11, Novelty Seeking) is based on 

evidence of construct validity cited in Chapter 5. The Fun Seeking scale was administered as part of 

the full Carver and White (1994) BIS/BAS measure.
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CHAPTER 8

Study 1: A Comparison of Old and New Self-Report Measures of Trait BIS and FFFS 

Sensitivity

8.1 Introduction

It has been almost 10 years since Gray and McNaughton (2000) introduced 

significant revisions to Gray's influential Reinforcement Sensitivity Theory of 

Personality. These revisions have substantially impacted upon the conceptualisation and 

hence measurement of trait BIS and FFFS sensitivity. Despite the obvious importance of 

identifying and developing valid measures of trait sensitivity/reactivity in the revised 

systems, only a handful of studies (Barros-Loscertales et al., 2006; Perkins & Corr, 

2006; Perkins, Kemp & Corr, 2007) have yet attempted to address this. In Chapter 5, 

several measures developed or otherwise commonly employed as measures of the 

original trait BIS construct were considered in terms of their potential application to 

tests of the revised theory. On the basis of experimental (Perkins & Corr, 2006) and 

neuroimaging evidence (Barros-Loscertales et al., 2006; Cherbuin et al., 2008; Dickie & 

Armony, 2008; Etkin et al., 2004; Gallinat et al., 2005; Gray et al., 2005) it was 

tentatively proposed that the scores on the CW-BIS (Carver & White, 1994), SP 

(Torrubia et al., 2001) and STAI-T (Spielberger et al., 1983) scales may now reflect 

individual differences in both trait BIS and FFFS sensitivity. However, these assertions 

are based on a  limited set of data. As well, the extent to which individual measures may 

be more or less sensitive to individual differences in either system is yet unclear.

It was suggested that in focusing the search for indices of the revised BIS and 

FFFS on former BIS measures, researchers have overlooked a shift in the fundamental 

structure of RST from a model which focuses on the BIS and BAS as the primary 

mediators of behaviour/personality, to a clear three-factor BAS/FFFS/BIS model. In 
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exploring this shift, attention was drawn to the resemblance that the revised RST now 

shares with prevailing three-factor models of personality and temperament such as those 

upon which Eysenck's EPQ-R (H.J. Eysenck & Eysenck, 1985), Tellegen's (1982) MPQ 

and Watson and Clark's (1993) GTS are based. In particular, several sources of evidence 

were presented suggesting that scores on MPQ Constraint and Negative Emotionality 

may reflect individual differences in trait BIS and FFFS sensitivity, respectively. 

Not only do they exhibit a conceptual resemblance to the revised constructs, 

Constraint and Negative Emotionality have also been found to relate differentially to 

behavioural, neurobiological and pharmacological indices in a manner consistent with 

the distinction drawn by Gray and McNaughton (2000) between BIS and FFFS in the 

revised theory.  For example, Silbersweig et al. (2007) found that during response 

inhibition within a negative affect eliciting stimulus condition, Constraint was 

associated with enhanced orbitofrontal activation whilst Negative Emotionality was 

associated enhanced amygdala activation. In an earlier study, White and Depue (1999) 

reported a differential relationship between Constraint (in particular, Control and Harm 

Avoidance), Negative Emotionality (in particular, Stress Reaction) and central 

noradrenergic functioning which is consistent with that proposed by Gray and 

McNaughton (2000) for the BIS and FFFS. Based on this and other evidence presented 

in Chapter 5, the Harm Avoidance and Control subscales of Constraint and the Stress 

Reaction subscale of Negative Emotionality were subsequently proposed as measures of 

the revised models of trait BIS and FFFS sensitivity.

There is also some evidence that measures of rash impulsiveness may hold 

validity as markers of trait sensitivity in the revised BIS. Rash impulsiveness reflects 

the tendency to act without consideration of consequences and relates to an individual's 

ability to inhibit approach-oriented behaviour in the presence of potential punishment 
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(Dawe & Loxton, 2004). Accordingly, scores on rash impulsiveness measures such as 

the I7 (Eysenck et al., 1993) or the Carver and White (1994) BAS-Fun Seeking scales 

may inversely reflect individual differences in trait BIS sensitivity.  

The current study was designed to address two primary aims. Firstly, it was of 

interest to see whether an exploratory factor analysis of former BIS measures (CW-BIS, 

SP, STAI-T), newly proposed BIS (Harm Avoidance and Control) and FFFS measures 

(Stress Reaction), rash impulsiveness measures (I7, Fun Seeking) and existing BAS 

measures (SR, Reward Responsivity, Drive) would result in three orthogonal factors, 

resembling the BIS, FFFS and BAS. Based on evidence presented in Chapter 5 and their 

conceptual resemblance to the revised models of trait BIS/FFFS sensitivity, Control and 

Harm Avoidance were considered anchor scales for the BIS factor and Stress Reaction 

an anchor scale for the FFFS factor. Furthermore, on the basis of previous research 

reviewed by Dawe and Loxton (2004), reward drive measures (SR, Reward 

Responsivity, Drive) were expected to all load highly on a single BAS factor. In 

contrast, rash impulsiveness measures were expected to load most strongly, and 

inversely, on the BIS factor. Finally, the extent to which former BIS measures  (SP, CW-

BIS, STAI-T) would load across the aforementioned BIS/FFFS factors was to be 

explored. The second aim was to examine the relationship between former BIS 

measures and newly proposed BIS, FFFS and rash impulsiveness measures just 

mentioned. Whilst the exploratory factor analysis would partially address this aim, 

bivariate relationships between the aforementioned measures were also examined. 

8.2 Method

8.2.1 Participants

Two-hundred and fifty-five females with a mean age of 21.472 (SD = 4.771) 

participated in the current study. Participants were either recruited through the School of 
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Psychology undergraduate subject pool or through email or online advertisements 

accessible to all Griffith University staff and students.  Of these participants, 106 also 

took part in the laboratory-based testing sessions for which data will be reported in later 

chapters. Those participants recruited through the the School of Psychology 

undergraduate subject pool received 3 hours of course credit. Individuals recruited via 

advertisements received $30 cash for participating in the study which was considered of 

equivalent value to 3 hours of course credit and adheres to the guidelines for non-

coercive payment of voluntary participants outlined in the Griffith University Human 

Research Ethics guidelines. 

8.2.2 Materials

Materials included a battery of self-report measures delivered online via a secure 

website. Table 8-1 provides two example items from each measure administered to par-

ticipants.  The psychometric properties of each measure and subscale are also summar-

ised in Table 8-2. 

8.2.2.1 MPQ subscales. Three of the measures  presented were subscales from 

Tellegen's (1982) MPQ: Harm Avoidance, Control and Stress Reaction. The Harm 

Avoidance scale includes 26 items most of which are structured such that the respondent 

must select one of two scenarios which they would most dislike (see Table 8-1). In the 

current study, where items did not require reverse scoring, selection of scenario A re-

ceived a score of 2 and selection of scenario B a score of 1. The Control and Stress Re-

action subscales include 24 and 23 items respectively.  All Control and Stress Reaction 

items and the remaining Harm Avoidance items are self-directed statements which parti-

cipants respond to by selecting “True” or “False”. In the current study, “True” responses 

received a score of 2 and “False” responses a score a 1, unless the item was to be re-

verse scored. Eleven Control, two Stress Reaction and fifteen Harm Avoidance items re-
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quired reverse scoring. Scores on the Harm Avoidance subscale ranged from 26 to 52, 

with higher scores indicating higher trait Harm Avoidance. Scores on the Control and 

Stress Reaction subscales ranged from 24 to 48 and 23 to 46, with higher scores reflect-

ing higher trait Control and Stress Reaction respectively. 

8.2.2.2 SPSRQ. The Sensitivity to Punishment (SP) and Sensitivity to Reward 

(SR) scales of the SPSRQ (Torrubia et al., 2001) both include 24 items. The SP and SR 

scales were designed to measure Gray's (1970, 1982) original conceptualisation of trait 

BIS and BAS sensitivity/reactivity respectively.  Each item presents the respondent with 

a self-directed question to which they are forced to respond either “yes” or “no”.  Items 

to which participants respond “yes” are scored with a 2, whilst items attracting a “no” 

response are scored with a 1. No reverse scoring is required. Scores on each scale range 

from 24 to 48 with higher scores reflecting higher trait sensitivity to punishment and 

reward, respectively. 

8.2.2.3 STAI-T. The Trait subscale of the State Trait Anxiety Inventory (STAI-T; 

Spielberger et al., 1983) includes 20 items designed to measure trait anxiety. Each item 

is rated on a 4-point Likert scale, ranging from 1 (almost never) to 4 (almost always). 

Nine items require reverse scoring. Scores on the STAI-T range from 20 to 80, with 

higher scores indicating higher trait anxiety. 

8.2.2.4 BIS/BAS scales. Carver and White's (1994) BIS scale (CW-BIS) was 

designed to measure individual differences in the original trait BIS construct (Gray, 

1970; 1982). The scale includes seven items designed to measure reactions to the 

anticipation of punishment (Carver & White, 1994). The BAS scale contains three 

subscales: Reward Responsivity, Drive and Fun Seeking. The Reward Responsitivity 

scale contains five items designed to measure positive reactions to the anticipation or 

occurrence of reward. The Drive subscale was designed to measure the degree to which 
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a person is motivated/driven to obtain goals and contains four items. Finally, the Fun 

Seeking subscale contains four items designed to measure propensity to pursue 

rewarding activities on the spur of the moment and to seek out novel rewarding 

experiences (Carver & White, 1994).  Each item on the BIS/BAS scales is a statement 

which is rated by respondents on a 4-point likert scale: 1 – Strongly Disagree, 2 -  

Disagree, 3 - Agree, 4 - Strongly Disagree. Two of the items on the CW-BIS scale 

require reverse scoring. None of the BAS subscale items require reverse scoring. Scores 

on the CW-BIS scale range from 7 to 28, with higher scores reflecting higher trait BIS 

(original construct). Scores on the Reward Responsivity scale range from 4 to 20 with 

higher scores reflecting higher trait Reward Responsivity.  Scores on the Drive and Fun 

Seeking scales each range from 4 to 16 with higher scores reflecting higher trait Rward 

Drive and Fun Seeking respectively. 

8.2.2.5. I7 Impulsiviness. The I7(Impulsivness) scale (Eysenck et al., 1993) was 

included here as a purported measure of Rash Impulsiveness (Dawe & Loxton, 2004). 

To reiterate briefly, Rash Impulsiveness reflects the tendency to act without 

consideration of consequences (Dawe & Loxton, 2004). Individual differences in Rash 

Impulsiveness relate to an individual's ability to inhibit approach-oriented behaviour in 

the presence of potential punishment. Thus, measures such as the I7 which load on this 

factor are proposed as inverse measures of trait BIS sensitivity. The I7 includes 19 items, 

each of which is a self-directed question to which the respondent must select either 

“yes” or “no”. Items to which participants respond “yes” receive a score of 2, whilst 

items attracting a “no” response receive a score of 1. Three of the items require reverse 

scoring. Scores on the I7 thus range from 19 to 38, with higher scores reflecting higher 

trait rash impulsiveness. 



268

Self-report Measure Example Item
BIS/BAS Scales Carver 
and White (1994)

BIS

“If I think something unpleasant is going to happen I 
usually get pretty 'worked up' “

“Criticism or scolding hurts me quite a bit”

BAS - Drive

“I go out of my way to get things I want”

“If I see a chance to get something I want, I move on it 
right away”

BAS – Reward 
Responsiveness

“When good things happen to me, it affects me strongly”

“When I'm doing well at something, I love to keep at it”

BAS – Fun seeking

“I often act on the spur of the moment”

“I will often do things for no other reason than that they 
might be fun”

MPQ (Tellegen, 1995)

Control

“I keep track of where my money goes”

“I often prefer to “play things by ear” rather than to plan 
ahead” (reverse scored)

Harm Avoidance

"I might enjoy riding in an open elevator to the top of a tall 
building under construction” (reverse scored)

“Of these two situations I would dislike more: (A) Being 
seasick everyday for a week while on an ocean voyage; 
(B) Having to stand on the window ledge on the 25th floor 
of a hotel because there's a fire in my room” (reverse 
scored).

Stress Reaction “There are days when I'm “on edge” all of the time”

“When I want to, I can put fears and worries out of my 

Table 8-1. 

Example items from the BIS/BAS, SPSRQ, Harm Avoidance, Control, Stress Reaction 

and I
7 
scales. 
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Self-report Measure Example Item
mind” (reverse scored)

SPSRQ (Torrubia et al., 
2001)

Sensitivity to Punishment 
(SP)

“Do you prefer not to ask for something when you are not 
sure you will obtain it?”

“Comparing yourself to people you know, are you afraid of 
many things?”

Sensitivity to Reward 
(SR)

“Does the good prospect of obtaining money motivate you 
strongly to do some things?”

“When you are in a group, do you try to make your 
opinions the most intelligent or the funniest?”

I7(Impulsivness)
(Eysenck et al., 1993)

“Do you get so ‘carried away’ by new and exciting ideas, 
that you never think of possible snags?”

“Do you often get into a jam because you do things 
without thinking?”

STAI-T (Spielberger et al., 
1983)

“I make decisions easily”

“I get in a state of tension or turmoil as I think over my 
recent concerns and interests”

Measure
Test-Retest 
Reliability

Internal 
Consistency 

(Cronbach's α) Construct (Convergent) Validity
BIS/BAS Scales 
(Carver & 
White, 1994)

Retest at 6  
weeks a 

BIS 0.66

0.74a 
0.76d 
0.74c
0.74e

HA 
MS-BIS   
SP 
N 
STAI-T 

0.59a, 0.57b  ,
0.59a , 0.53b ,
0.53b, 0.54e, 0.54f

 0.54b, 0.60c, 0.64d,
0.51b

BAS – Drive 0.66  

0.73a

0.73c

0.71e
SR
E

0.33b, 0.41b, 0.32f, 0.40e 
0.41a, 0.28d, 0.37c,0.32d

BAS – Reward 0.59 
0.66a

0.76c SR 0.17f, 0.26e, 0.33b 

Table 8-2. 

Psychometric Properties of BIS/BAS, SPSRQ, Harm Avoidance, Control, Stress  

Reaction and I7 scales. 
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Measure
Test-Retest 
Reliability

Internal 
Consistency 

(Cronbach's α) Construct (Convergent) Validity
Responsiveness 0.71e E 0.39a, 0.32d, 0.17c

BAS – Fun 
Seeking 0.69

0.73a

0.66c

0.70e

E 
I7

NS 
SR

0.59a,0.51c, 0.37e 

0.49b 
 0.51a, 0.51b 
0.41b

BAS – Total

E
2E+N
SR

0.43h, 0.44d

0.38h

0.46h, 0.30f, 

SPSRQ 
(Torrubia et al., 
2001)

Retest at 3  
months, 1  
year  and 3 
years g

SP
0.87, 0.74, 
0.57

0.84e

0.83b

CW-BIS  
STAI-T  
MS-BIS  
HA 
N

0.53b, 0.54e , 0.54f,    
0.59b

0.75b

0.67b

0.53g

SR
0.87, 0.69, 
0.61

0.75e

0.76b

BAS-D
BAS-RR
BAS-FS

0.41b, 040e, 0.32f, 
0.41b, 0.26e, 0.17f

0.33b, 0.37e, 0.22f

BAS Total
E
2E+N
I7

NS

0.30f, 0.46h

0.41g, 0.31h

0.49h

0.39b

0.27b

I7(Impulsivness)
(Eysenck et al., 
1993)

Retest at 1  
year o

0.76 0.83-0.84 o

BAS-FS 
NS
Barratt-11

0.49b

0.63m

0.69n

MPQ (Tellegen, 
1995)

Retest at 30 
days

Control Range of 
.82-.92 with 
a median of .
89 (Tellegen,  
1982; cited 
in Tellegen 
et al.1988)

0.80-0.83
SSS
NS-Imp

-0.20 p

-0.64q

Harm Avoidance 0.82-0.84
SSS
HA_un

-0.36 p

0.46q

Stress Reaction 0.86-0.90

FSS
MAS
HA_wo

0.30 p

0.64 p

0.61q
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Measure
Test-Retest 
Reliability

Internal 
Consistency 

(Cronbach's α) Construct (Convergent) Validity
STAI-T 
(Spielberger et 
al., 1983)

 Retest at 20 
days and 
104 daysi 

0.81,  0.75 0.93i 

SP
N
HA_full
BIS

0.59b

0.79b

0.62b

0.51-0.553b,j

8.2.3 Procedure

All measures were presented online via a secure website. Once individuals had 

expressed interest in participating in the study, they were emailed a unique password 

and username and the link to the website.  When they first logged into the website parti-

cipants were presented with an information and consent page (see Appendix A).  Once 

participants had read all information on this page they were asked to consent to particip-

ation in the online questionnaire component of the study by clicking a button (link) 

which stated “By clicking on this button I hereby give my consent to participate in 

Part 1 of this research project”.  Data and identifying information were stored on a se-

cure online database and also on a password-protected computer, both of which were 

accessible only by the experimenter. The current study was approved by a Griffith Uni-

versity Human Research Ethics Committee (reference number: PSY/18/07/HREC).

8.2.4 Statistical Analysis

Note  a Carver and White (1994);  b Caseras et al., (2003);  c Heubeck et al., (1998); d Jorm et al., (1999); e 

Cogswell et al., (2006); f O'Connor et al., (2004); gTorrubia et al., (2001); h Quilty and Oakman, (2004) i 

Spielbeger et al., (1983) j Perkins and Corr, (2006); k Corulla, 1987; l H.J.Eysenck & Eysenck, 1991; m 

Nagoshi, Walter, Muntaner and Haertzen, (1992); n Marsh, Dougherty, Mathias, Moeller and Hicks, 
2002); oEysenck et al. (1993); pPatrick et al. (2002); qWaller et al. (1991).

FSS=Fear Survey Schedule; SSS=Sensation Seeking Scale; MAS=Taylor Manifest Anxiety Scale; 
Barratt-11=Barratt Impulsiveness Scale; E=Extraversion; NS=TPQ novelty seeking total score; NS-Imp 
= TPQ Novelty Seeking– Impulsive versus reflective subscale; HA_wo = TPQ Harm Avoidance - 
Anticipatory worry versus optimism subscale; HA_un = TPQ Harm Avoidance -Tension about 
uncertainty or physical danger subscale; MS-BIS = BIS scale from McAndrew and Steele (1991).
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Due to an early content problem with the questionnaire website, the first 65 

participants to complete the questionnaires did not have valid data for CW-BIS, Drive, 

Reward Responsivity and Fun Seeking. Analyses were thus presented only for the 

subset of the original sample (n = 190) with valid data for all measures.  Missing Values 

Analysis and Independent Groups t-tests were conducted to test whether these 65 cases 

systematically varied from the remaining cases.

Prior to analyses, Harm Avoidance, Stress Reaction, Control, SP, SR, STAI-T, I7, 

CW-BIS, Drive, Reward Responsivity and Fun Seeking were submitted to various SPSS 

procedures to screen for missing data, univariate and mutlivariate outliers, 

heteroscedascity and multicolinearity and to test for violations of the assumptions of 

normality and linearity. 

Relationships between all measures were firstly explored through a series of 

bivariate correlations (Pearson's r).  An Exploratory Factor Analysis with principal axis 

factoring and promax rotation was also conducted. The criterion for the initial extraction 

was set at eigenvalues greater than 1.00. However, this was also considered in 

conjunction with the results of a Parallel Analysis (O'Connor, 2000). Parallel Analysis 

involves identifying how many factors have eigenvalues higher than values which may 

be expected to occur through chance (O'Connor, 2000). In the current study, 9000 

random datasets were created, each of which had 187 cases and 11 variables. 

Although a three-factor, BIS/FFFS/BAS model is theoretically indicated (see 

Chapter 5), an exploratory as opposed to confirmatory factor analysis was selected for 

two reasons. Firstly, the primary purpose of the analysis was to explore the manner in 

which old and new measures of BIS, FFFS and BAS load on the underlying factors. 

Secondly, although the sample size (n = 190) exceeds the suggested minimum for factor 

analysis generally (Tabachnick & Fidell, 2007), the power of tests of model-fit such as 
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Chi-squared are substantially affected by sample size (Marsh, Balla & McDonald, 

1988). In this respect, Boomsma (1982; cited in Marsh et al.,1988) warned against the 

use of sample sizes less than 200 for Confirmatory Factor Analysis.

8.3 Results

8.3.1 Data Screening

As indicated, 65 participants did not have valid data for CW-BIS, Drive, Reward 

Responsivity and Fun Seeking scales. An additional three participants had missing data 

on at least two other variables.  Missing Values Analysis and Independent Groups t-tests 

confirmed that cases and variables with missing data did not systematically vary from 

remaining cases.

Checks for univariate outliers were conducted through examination of 

standardised scores. One univariate outlier on Reward Responsivity was detected. 

Variables were then checked for significant skewness and kurtosis (p < .001). The 

distribution of Reward Responsivity scores was found to be negatively skewed and 

STAI-T scores, positively skewed. Both Reward Responsivity and Stress Reaction 

distributions also exhibited significant kurtosis. Skewness and kurtosis were re-checked 

with the univariate outlier on Reward Responsivity excluded. Removal of this outlier 

corrected the aforementioned skewness and kurtosis on all three variables, thus this case 

was excluded from further analysis. Linearity and homoscedascity were checked 

through examination of bivariate scatterplots. They were both found to be satisfactory 

and no bivariate outliers were detected. Two multivariate outliers were identified using 

Mahalanobis distance with p < .001. These two cases were also excluded from further 

analysis. Collinearity diagnostics following the criteria outlined by Belsely et al. (1980) 

also confirmed the absence of multicollinearity. The final sample size was n = 187. 

Bartlett’s test indicated that the data were suitable for an Exploratory Factor Analysis, χ2 
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(55)=1118.232, p<.001). The participant to variable ratio of 17:1 and the Kaiser–

Meyer–Olkin (KMO) measure, (KMO = .751) indicated that the sample size was 

adequate (Tabachnik & Fidell, 2007). 

8.3.2 Bivariate Correlations

Table 8-3 displays Pearson's correlation coeficients between all former BIS 

measures (SP, STAI-T and CW-BIS), MPQ derived measures of the revised BIS 

(Control, Harm Avoidance) and FFFS measures (Stress Reaction), Rash Impulsiveness 

measures (I7, Fun Seeking) and existing BAS measures (Drive, Reward Responsivitiy, 

SR). The relationship between former measures of BIS and the two Constraint subscales 

will be addressed first. Control was significantly positively associated with CW-BIS but 

unrelated to both STAI-T and SP. In contrast, Harm Avoidance was significantly and 

positively related to SP and CW-BIS but not STAI-T. Control and Harm Avoidance were 

also significantly positively correlated. Neither were significantly related to Stress 

Reaction. 

 Although the Stress Reaction scale correlated highly (r > .67) with all former 

BIS measures (SP, CW-BIS and STAI-T) it most closely resembled the STAI-T. Not 

only were they correlated at r =.779, they exhibited a similar pattern of positive 

correlations with SR and I7. CW-BIS was also significantly and positively related to SR 

and Drive but not I7, whilst SP was not significantly related to SR or I7.  Rash 

Impulsiveness measures ( I7 and Fun Seeking) correlated in distinct ways across the 

former BIS measures. As indicated, I7 was significantly positively correlated with STAI-

T and Stress Reaction, whilst Fun Seeking was unrelated to either. Fun Seeking was also 

unrelated to CW-BIS but was significantly negatively related to SP. Rash Impulsiveness 

measures were also significantly negatively related to Constraint 
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Table 8-3

Correlation Matrix of putative old and new measures of BIS, FFFS and BAS. 

CTL HA STR SP SR I7 STAI-T CW-BIS BAS-RR BAS-DR

CTL 1.000

HA .328*** 1.000

STR -.023 .126 1.000

SP .128 .210** .673*** 1.000

SR -.291*** -.164* .384*** .096 1.000

I7 -.721*** -.177* .301*** .008 .473** 1.000

STAI-T -.141 .022 .779*** .599*** .231** .268*** 1.000

CW-BIS .172* .244** .676*** .652*** .222** .008 .568*** 1.000

BAS-RR .058 .062 .165* .034 .409*** .118 .000 .365*** 1.000

BAS-DR -.086 -.133 .156* -.141 .545*** .282*** -.060 .118 .511*** 1.000

BAS-FS -.499*** -.445*** .008 -.242** .520** .497*** -.055 -.079 .372*** .555***

Note: CTL = Control; HA = Harm Avoidance; STR = Stress Reaction; SP = Sensitivity to Punishment; SR = Sensitivity to Punishment; I7 =  Impulsivity; CW-BIS = Carver and 
White BIS scale; BAS-RR = Reward Responsiveness; BAS-DR = Reward Drive; BAS-FS = Fun Seeking.

* p  <.05, ** p < .01, ***, p < .001
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measures, with the strongest correlation existing between I7 and Control. 

8.3.3 Exploratory Factor Analysis

Three factors were extracted using the criterion of eigenvalues greater than 1. 

However, a Parallel Analysis based on 9000 randomly generated data sets produced 

conflicting results. In 95% of these randomly generated data sets, the first five 

eigenvalues were equal to or less than .619, .435, .325, .223, and .143 respectively. 

Within the raw data set the first four initial eigenvalues (3.047, 2.575, 1.193, .261) 

exceeded these chance values, thus suggesting a four-factor solution. On this basis, both 

a three- and four-factor solution were examined. Both models were run with principal 

axis factoring and a varimax rotation. 

8.3.3.1 Three-factor model. Eigenvalues for the first, second and third factors 

were 3.411, 2.967 and 1.629 before rotation; and 2.855, 2.159 and 1.978 after rotation. 

These three factors accounted for 63.565 % of the overall variance in the data.  Table 8-

4 presents the rotated factor loadings. The criterion for interpreting factors was set at a 

loading of .40 and above. 

All factors loaded above .406 on one of the three factors. Factor 1 was primarily 

defined by Stress Reaction followed by STAI-T, SP and then CW-BIS, with loadings 

above .759 for all three variables. As the strongest marker for this factor was Stress 

Reaction (.901), it was considered to represent a trait FFFS factor. Factor 2 was 

primarily defined by Control followed by I7, Fun Seeking and Harm Avoidance. As both 

Constraint subscales and the two Rash Impulsiveness measures loaded most strongly 

here, Factor 2 was considered to represent a trait BIS factor. Finally, Drive and Reward 

Responsivity loaded most strongly on the third factor, followed by SR and Fun Seeking.

Fun Seeking also cross loaded above .590 on Factors 2 and 3. The variable loadings on 

Factor 3 suggest that it reflects trait BAS. 



277

Table 8-4.

Rotated factor matrix and communalities for the three-factor solution derived from an 

exploratory factor analysis of new and old measures of FFFS, BIS and BAS. 

Measure Factor 1 - FFFS .000 Factor 3- BAS h2

CTL .000 .870 .029 .758

HA .191 .406 -.071 .206

STR .901 -.088 .177 .851

SP .784 .160 -.074 .646

SR .246 -.381 .598 .564

I7 .203 -.760 .198 .658

STAI-T .822 -.184 -.072 .715

CW-BIS .759 .243 .278 .713

DR -.049 -.161 .778 .633

RR .104 .082 .708 .519

FS -.159 -.597 .591 .730

Percent of 

Variance

25.957% 19.626% 17.982%

Examination of communalities (h2) indicated that the three factors explained 

63.3 to 85.1 percent of the variance in eight of 11 variables. The variable with the least 

amount of explained variance was Harm Avoidance (20.6 %). Finally, the three factors 

also exhibited excellent internal consistency. This was reflected in high squared multiple 
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correlations (SMCs) between factor scores and scores on each variable of .922, .868 and 

.823 for the FFFS, BIS and BAS factors respectively. 

8.3.3.2 Four-factor model. Eigenvalues for the first, second, third and fourth 

factors were 3.411, 2.967, 1.629 and .827 before rotation; and 2.790, 2.082, 1.831 and .

903 after rotation. The four factors accounted for 68.653% of overall variance in the 

data. Table 8-5 presents the rotated factor loadings. The criterion for interpreting factors 

was set at a loading of .40 and above. 

All factors loaded above .609 on at least one of the four factors. With the 

exception of Fun Seeking, no factors loaded above .323 on two or more factors. Fun 

Seeking exhibited loadings above .40 across two factors. The first factor closely 

resembled the trait FFFS factor derived in the three-factor solution, with strongest 

loadings exhibited by Stress Reaction, followed by STAI-T, SP and CW-BIS. It was thus 

again considered to reflect trait FFFS. The second factor exhibited a similar pattern of 

loadings to the trait BAS factor reported in the three-factor solution.  Thus again, this 

factor was considered to represent a trait BAS factor. The third factor was defined 

primarily by I7 and then Control. This factor was considered to reflect impulse control. 

The fourth factor, was primarily defined by Harm Avoidance, followed by Fun Seeking. 

Thus this factor was considered to reflect aversion to risk/novelty.

Examination of communalities (h2) indicated that the four factors explained 50.8 

to 92.1 percent of the variance in individual variables. The variable with the least 

variance explained by the four-factor solution was Harm Avoidance (50.8 %), although 

this was an improvement on variance explained by the three-factor solution (20.6 %). 

The internal consistency of the first three factors was excellent, with the FFFS, BAS 

and impulse control factors exhibiting factor score/observed score SMCs of .914, .827 

and .911 respectively. In contrast, the internal consistency of the aversion to 
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Table 8-5.

Rotated factor matrix and communalities for the four-factor solution derived from an 

exploratory factor analysis of new and old measures of FFFS, BIS and BAS. 

Measure Factor 1 -  

FFFS

Factor 2 - 

BAS

Factor 3 -

Impulse 

Control

Factor 4 -

Aversion to  

Risk/Novelty 

h2

CTL .039 -.017 .766 .298 .678

HA .125 -.047 .166 .680 .508

STR .889 .178 -.144 .058 .846

SP .781 -.079 .081 .146 .644

SR .239 .605 -.323 -.159 .553

I7 .134 .230 -.921 .037 .921

STAI-T .836 -.076 -.192 -.078 .748

CW-BIS .754 .272 .156 .204 .709

DR -.037 .776 -.107 -.086 .623

RR .095 .718 .065 .105 .540

FS -.135 .609 -.399 -.483 .781

Percent 

Variance

25.361% 18.436% 16.647% 8.208%

risk/novelty factor was comparatively poor, with a factor score/observed score SMC of .

648.

Overall, the three-factor solution was considered preferable to the four-factor 
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solution for several reasons. Firstly, whilst the aversion to risk/novelty factor was 

saliently related (loadings above .40) to both Harm Avoidance and Fun Seeking,Fun 

Seeking exhibited stronger loading on a second factor reflecting trait BAS. Thus Harm 

Avoidance was the only variable which saliently loaded on the aversion to risk/novelty 

factor alone. Secondly, although the four-factor solution markedly improved explained 

variance for Harm Avoidance, communalities otherwise remained relatively consistent 

between the three and four-factor solutions. Furthermore, a large proportion of the 

variance in Harm Avoidance explained by the aversion to risk/novelty factor is captured 

by the BIS factor within the three factor model. Finally, whilst all three factors within 

the three-factor solution exhibited excellent internal consistency, with factor 

score/observed score SMCs varying between .823 and .922, this was not the case for the 

four-factor solution, with the aversion to novelty/risk factor exhibiting comparatively 

poor internal consistency (factor/observed score SMC = .648).

8.4 Discussion

The purpose of the current study was to explore the relationship between former 

BIS measures (SP, STAI-T and CW-BIS), newly proposed measures of the revised trait 

BIS (MPQ Harm Avoidance, Control, I7, Fun Seeking) and FFFS (MPQ Stress 

Reaction) and existing measures of trait BAS sensitivity (SR, Drive, Reward 

Responsivity). At one level this exploration was directed at the degree to which the 

aforementioned measures loaded on underlying BIS, BAS and FFFS factors. However, 

simple bivariate relationships between measures were also explored.

Firstly, as expected, an exploratory factor analysis of the aforementioned 

measures revealed three factors which clearly resembled the trait models of BIS, BAS 

and FFFS as they are now stipulated. The BAS factor was defined by Drive measures 

which gauge general sensitivity to and drive to obtain reward (approach motivation). As 
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expected, and consistent with Dawe et al.'s (2004) two-factor model of impulsivity, the 

Fun Seeking Scale and I7 loaded more strongly on a second factor, here considered to 

reflect trait BIS. The strongest marker of this factor was Control, followed by I7, Fun 

Seeking and Harm Avoidance. As such, the BIS factor primarily reflects a trait 

associated with carefully planned, controlled behaviour, difficulty making decisions, 

high impulse control and aversion to risk/novelty. The final factor, on to which Stress 

Reaction and all former BIS measures loaded was considered to reflect an FFFS factor. 

This factor appears to reflect sensitivity/reactivity to punishment/non-reward, arousal 

and worry. The strongest marker of the FFFS factor was Stress Reaction, followed by 

STAI-T, SP and then CW-BIS.  Somewhat unexpectedly, all former BIS measures 

loaded exclusively on the trait FFFS factor, showing only small loadings on the BIS 

factor, below the .32 minimum for interpretation (Tabachnick & Fidell, 2007). This 

suggests that scores on former BIS measures, in particular the STAI-T, which exhibited 

a similar strength of loading to Stress Reaction, may primarily reflect trait FFFS. 

The loading of former BIS measures observed here is consistent with studies 

showing that higher scores on former BIS measures are associated with enhanced grey 

matter volume within the amygdala (Barros-Loscertales et al., 2006) and anterior 

cingulate regions (Gray et al., 2005) and enhanced amygdala activation to fear-relevant 

stimuli (Dickie & Armony, 2008; Etkin et al., 2004). The current study's findings are 

also partially consistent with the findings of Perkins and Corr (2006). They reported a 

positive relationship between CW-BIS and defensive avoidance (FFFS), thus consistent 

with the view of CW-BIS as a trait marker of FFFS sensitivity. However, they also 

found that scores on the STAI-T predicted defensive approach (BIS), which is 

inconsistent with the finding that STAI-T loaded particularly strongly on the trait FFFS 

factor in the current study. Recall, however, that in the Perkins and Corr study this 
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relationship only emerged once variance associated with trait BIS sensitivity, 

Psychoticism and FSS scores was partialled out. Given the high degree of shared 

variance between CW-BIS, STAI-T and FSS (Perkins, 2006; and see Perkins et al., 2007 

for a review) it is possible that the small amount of remaining variance in STAI-T scores 

could indeed reflect trait BIS sensitivity. 

The identification of three reliable, orthogonal factors in the current study was 

expected due to the use of measures already known to load on orthogonal factors (Dawe 

& Loxton, 2004; Depue & Collins, 1999). However, the findings remain important to 

the extent that they represent the first attempt to explore the factor structure of former 

BIS measures, and those considered here to provide potentially valid trait indices of 

BIS, FFFS and BAS as they are stipulated within the revised RST. As such, they provide 

preliminary support for the three factor-structure of the revised model. The pattern of 

loadings of SP, SR, CW-BIS/BAS measures, STAI-T and I7 are consistent with those 

reported by Caseras et al.(2003). In addition to the measures mentioned they also 

included TPQ and EPQ measures and arrived at a four-factor solution. The first three 

factors resembled the BIS, FFFS and BAS factors seen in the current study, whilst they 

considered the fourth factor to represent a gregariousness factor, primarily defined by 

TPQ Reward Dependence and, to a lesser extent, EPQ Extraversion. It should be 

mentioned that the current study also examined a four-factor solution, but where the 

fourth factor instead represented an aversion to risk/novelty factor. A three-factor 

solution was ultimately settled upon for several reasons. Firstly, Harm Avoidance was 

the only scale which exhibited sole loading above .40 on the fourth, aversion to 

risk/novelty factor. Secondly, with the exception of Harm Avoidance the communalities 

(explained variance) for all variables varied little between the three- and four-factor 

solution. Also, a large proportion of the variance explained in Harm Avoidance by the 



283

aversion to risk/novelty factor was otherwise accounted for by the three-factor solution 

BIS factor. Finally, relative to all other factors within both three- and four-factor 

solutions, the aversion to risk/novelty factor exhibited poor internal consistency.

The exploratory factor analysis findings reported here also hold several 

important implications for the measurement and indeed conceptualisation of trait BIS 

and FFFS sensitivity. Firstly it should be highlighted that although the selection of 

Control, Harm Avoidance and Stress Reaction as measures of trait BIS and FFFS 

sensitivity is a novel, and potentially controversial, approach to the problem of 

identifying valid measures of the revised constructs, it is based on a convincing body of 

evidence which far outweighs that yet found for former BIS measures in this regard. 

Assuming then, that the three factors derived in the current study do indeed reflect trait 

BIS, FFFS and BAS, the findings suggest that items on former BIS measures, which 

were expected to gauge trait BIS sensitivity - in particular those assessing worry - are in 

fact failing to index worry as a BIS-mediated characteristic. This could mean that 

“worry” as a manifestation of high trait BIS sensitivity is qualitatively distinct from that 

captured by items on former BIS scales such as the STAI-T. Instead, such items  may 

capture heightened sensitivity and attention to cues of punishment or non-reward as a 

function of high trait FFFS sensitivity.

The view that BIS mediated worry may be distinct from worry like 

characteristics associated with trait FFFS sensitivity is consistent with an observed 

distinction between “anxiety” and “worry” among clinically anxious and dysphoric 

samples (Brown, Antony, & Barlow, 1992; de Jong-Meyer, Beck, & Riede, 2009; 

Meyer, Miller, Metzger, & Borkovec, 1990). Both Meyer et al. (1990) and Brown et al. 

(1992) examined the relationship between scores on the STAI-T and the Hamilton 

Anxiety Rating Scale (HARS; Hamilton, 1959) and scores on the Penn State Worry 
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Questionnaire (PSWQ; Meyer et al., 1990). The PSWQ exhibits validity as a measure of 

trait worry (Brown et al., 1992; Meyer et al., 1990) and has been found to distinguish 

individuals with generalised anxiety disorder from those with other anxiety disorder 

diagnoses (Brown et al., 1992). Both groups found that scores on the HARS and STAI-T 

were unrelated to PSWQ scores. The same pattern emerged when de Jong-Meyer et al. 

(2009) recently examined the relationship between scores on the PSWQ and Beck 

Anxiety Inventory (Beck, Epstein, Brow,n & Steer, 1988) in a sample of clinically 

dysphoric  individuals. In addition, they found that Intolerance of Uncertainty (Freeston 

et al., 1994) was strongly related to scores on the PSWQ (de-Jong-Meyer et al., 2009) 

and unrelated to scores on the Beck Anxiety Inventory in this sample (de Jong-Meyer et 

al., 2009). As a construct, intolerance of uncertainty reflects a tendency to exhibit 

negative emotional, cognitive and behavioural reactions to ambiguous and uncertain 

events/situations (Dugas, Gagnon, Ladouceur, & Freeston, 1998). It is also linked to the 

aetiology of worry in generalised anxiety disorder (Dugas et al., 1998). 

Among non-clinical samples, “anxiety” and “worry” measures do not exhibit the 

same degree of independence and are instead found to be positively correlated (e.g., de 

Jong-Meyer et al., 2009; Dugas, Freeston, & Ladouceur, 1997;  Meyer et al.,1990). 

However, there still exists evidence that scores on anxiety/worry/intolerance of 

uncertainty measures reflect individual differences in two independent dimensions. For 

example, Dugas et al. (1997) found that whilst scores on the STAI-T and Freeston et 

al.'s (1994) Intolerance of Uncertainty measure were positively correlated, they 

predicted unique variance in PSWQ scores. Freeston et al. (1994) also found that after 

controlling for variance associated with scores on the Beck Anxiety and Beck 

Depression Inventories, Intolerance of Uncertainty remained a highly significant 

predictor of scores on the PSWQ and an alternative measure of trait worry, the Worry 
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Domains Scale (Tallis, Eysenck, & Mathews, 1992). Mancini, D'Olimpia, Del Genio, 

Didonna, and Prunetti (2002) also demonstrated that scores on the Need for Closure 

Scale (NFCS, Webster, & Kruglansky, 1994), which also measures intolerance of 

uncertainty, and the STAI-T, load on two distinct factors.

It thus appears that there exists a basis for suggesting that two distinct forms of 

“worry” may arise from trait sensitivity in the BIS and FFFS, respectively. Based on the 

above findings, and the model of trait BIS sensitivity presented in Chapter 5, it is argued 

that trait BIS sensitivity is more likely related to the aspect of worry uniquely captured 

by intolerance of uncertainty measures (and potentially Control and Harm Avoidance), 

whilst measures such as the STAI-T and Hamilton Anxiety Rating Scales (and 

potentially the CW-BIS, SP and Stress Reaction) may capture a qualitatively distinct 

form of worry which primarily reflects trait FFFS sensitivity. Future studies examining 

the relationship between measures of worry, intolerance of uncertainty, BIS (e.g., 

Control, Harm Avoidance) and FFFS (e.g., Stress Reaction, STAI-T) in both clinical and 

non-clinical samples could be undertaken to test this idea.

The observed loading of former BIS measures in the current study also calls into 

question studies reviewed in Chapter 3 which consistently failed to observe a 

relationship between these measures (specifically, the CW-BIS and STAI-T) and right 

frontal activity/ asymmetry (e.g., Amodio et al., 2008; Coan & Allen, 2003; Harmon-

Jones & Allen, 1997; Heller et al., 1993; Hewig et al., 2006; Hoffman et al., 2005). 

Assuming that these measures do indeed reflect trait FFFS sensitivity, then the absence 

of effects must reflect something other than the nature of the self-report indices 

themselves. One possibility is that resting baseline measures of anterior asymmetry 

(employed in most of the above cases) do not provide a reliable index of trait 

withdrawal-system sensitivity. This fits with the findings of Crost et al. (2008) who 
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reported a significant relationship between STAI-T scores and right frontal asymmetry 

during a manipulation designed to elicit strong withdrawal motivation, but no such 

relationship when anterior asymmetry was measured during a resting baseline. 

Although plausible, this explanation does not account for the comparatively 

consistent relationship observed between CW-BAS and baseline left frontal 

activity/asymmetry (e.g., Amodio et al., 2008; Coan & Allen; 2003; Harmon-Jones & 

Allen, 1997). Such findings suggest that whilst resting baseline anterior asymmetry 

measures do not provide a reliable index of withdrawal system sensitivity (FFFS), they 

do provide a reliable index of approach system (BAS) sensitivity. A way to resolve this 

issue could be to consider the extent to which the typical testing environment/context 

within which a resting-baseline measure is obtained engenders approach relative to 

withdrawal motivation. The typical participant is an undergraduate student completing 

the experiment in exchange for credit or money (approach-goal). The studies are also 

typically conducted by post-graduate students or staff who the undergraduate students 

are likely hoping to impress (approach-goal). Kline et al. (2003) demonstrate that 

approach-related goals inherent to the testing context (impressing/engaging with 

attractive experimenters of the opposite sex) can significantly impact on the degree of 

left frontal activity/asymmetry. Conversely, the process of preparing participants for 

EEG recordings can also be perceived as aversive and evoke a degree of withdrawal 

motivation which impacts on resting baseline anterior asymmetry (Blackhart et al., 

2002). At the same time, individuals are in fact remaining in the laboratory and 

engaging with the experimenter, thus exhibiting approach-behaviour, despite potential 

withdrawal motivation. Overall, an argument can be made that the typical experimental 

context within which resting baseline measures are obtained elicits more consistent and 

salient approach motivation and approach behaviour (relative to avoidance 
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motivation/behaviour) and thus baseline measures are more likely to exhibit consistent 

relationships with measures designed to gauge trait approach system (BAS) sensitivity. 

This postulation should be addressed within future research.

Examination of the bivariate relationships between measures provided additional 

insight into the relationship between former BIS measures and the revised BIS and 

FFFS constructs. Consistent with the exploratory factor analysis, all former BIS 

measures exhibited strong positive correlations with Stress Reaction.  CW-BIS and SP 

both correlated positively with Harm Avoidance. CW-BIS also correlated positively 

(though weakly) with Control. A stronger negative correlation was also present between 

SP and Fun Seeking. This pattern of correlations suggests that although neither CW-BIS 

or SP exhibited salient loadings on the BIS factor, they may in fact partially reflect 

individual differences in trait BIS. In contrast to SP and CW-BIS, STAI-T and Stress 

Reaction correlated positively with I7 and were unrelated to Control, Harm Avoidance 

and Fun Seeking. The strong positive correlation that STAI-T and Stress Reaction share 

with I7 suggests that heightened trait FFFS sensitivity results in poorer impulse control. 

Although this finding was not hypothesised, it is consistent with previous studies. 

Caseras et al. (2003) observed a weak (r = .16) positive correlation between STAI-T and 

I7.  Stronger positive correlations between the STAI-T and the I5 Impulsiveness scale 

(S.B.G. Eysenck & H.J. Eysenck, 1978) for both males (r =.43) and females (r =.28) 

have, however, been reported by Torrubia et al. (2001). Importantly, like the current 

study, Torrubia et al. (2001) found no relationship between SP and I5  Impulsiveness. 

Taylor et al. (2007) also reported a positive correlation (r =.27) between MPQ Negative 

Emotionality (of which Stress Reaction is a subscale) and the Barratt Impulsiveness 

Scale (Patton et al., 1995).  

The positive relationship between I7 scores and Stress Reaction/STAI-T is also 
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consistent with the research reviewed in Chapter 5, linking Negative Emotionality (and 

in turn trait FFFS sensitivity) to enhanced substance use. As discussed in Chapter 5, 

higher trait FFFS fundamentally manifests as stronger motivation to avoid unpleasant/ 

aversive/threatening experiences or stimuli. Avoidance of such stimuli or experiences is 

typically accomplished through approach to some cue of safety or relief from 

punishment/distress (Gray, 1987).  For instance, students who are high on trait FFFS 

and who find studying for an exam an aversive/stressful experience would perceive a 

friend asking to meet for a drink a salient cue for relief from this aversive experience. 

Thus their heightened avoidance motivation makes them more likely to exhibit 

impulsive behaviour such as meeting a friend for a drink on the spur of the moment 

when they should be studying.  Moreover, high trait FFFS individuals arguably 

experience more stress/distress on a day-to-day basis and would thus be more likely to 

engage in impulsive behaviours which function to relieve this distress/stress such as 

drinking alcohol/consuming drugs or making impulsive purchases. Such behaviours are 

captured by items on the I7 such as “Do you often do things on the spur of the moment”.

Although scores on the I7 are primarily considered to reflect (inversely) trait BIS 

sensitivity, it is likely that they also reflect some degree of trait BAS sensitivity, as 

indicated by the moderate to strong positive correlations between I7, SR and Drive. In 

turn, the poor impulse control associated with high Stress Reaction and STAI-T scores 

in the current study may reflect heightened trait BAS sensitivity as active avoidance 

(i.e., approach to cues of safety/relief of distress), although initiated at the goal level by 

the FFFS, is fundamentally mediated by the BAS (Gray, 1987). Such a process would 

also account for the positive correlation observed between STAI-T, Stress Reaction and 

SR (it should also be noted that CW-BIS correlated positively with both Drive and SR). 

This explanation also fits well with the series of animal studies discussed in Chapter 5 



289

showing that rats bred to exhibit high trait reactivity to stress were more likely to 

develop drug dependency than those with low trait reactivity to stress (Exner & Clark 

1993; Hooks et al. 1991, 1992a,b,c; Piazza et al. 1989, 1991). High reactive rats exhibit 

longer secretion of the stress hormone, corticosterone, levels of which were positively 

correlated with more drug consumption on first exposure as well as greater levels of 

self-administration generally (Goeders & Guerin 1994; Piazza et al. 1991). High 

reactivity in rats, independent of drug dependence, was also associated with greater 

dopamine utilisation at the nucleus accumbens, a putative marker of enhanced BAS 

activity (Pickering & Gray, 1999).  This suggests that high trait FFFS may, through 

increased stress reactivity, result in enhanced trait BAS sensitivity. The high comorbity 

observed between panic-related anxiety (reflecting FFFS hyperactivity/sensitivity, Gray 

& McNaughton, 2000) and substance-use disorders (for review see Cox, Norton, 

Swinson, & Endler, 1990) is also consistent with this. Thus there appears to be both 

behavioural and clinical support as well as a neurobiological basis for the proposed 

relationship between trait FFFS and trait BAS sensitivity.  This may in turn result in an 

enhanced incidence of impulsive behaviour and thus underlie the positive relationship 

between STAI-T, Stress Reaction and I7. Importantly, this explanation also implies that 

the apparent negative relationship between trait FFFS and trait BIS measures (I7) is 

mediated by levels of trait BAS. Such a proposal could be easily followed up within 

future research.

The perspective offered thus far views the relationship between impulsive 

behaviour and trait FFFS as independent of BIS and related, if anything to trait BAS 

sensitivity.  However, an alternative explanation exists under which a negative 

correlation between measures indexing trait BIS and FFFS sensitivity is plausible. 

Consider a group of individuals with an equivalent degree of FFFS sensitivity but 
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varying degrees of trait BIS sensitivity.  Each of these individuals experiences the same 

level of motivation to avoid punishment/stress.  However, when this goal to avoid cues 

of punishment/stress is in conflict with another behavioural goal, as it often is in 

everyday life, their varying levels of trait BIS sensitivity will moderate how they 

ultimately respond to and experience this punishment/stress cue. Critically, the BIS acts 

to inhibit activity in the FFFS. Thus, for instance, higher trait BIS would facilitate 

extinction of conditioned fear. This proposal was discussed in Chapter 5 and supported 

by evidence that a hippocampal-ventromedial network mediates the extinction process 

(Gottfried & Dolan, 2004; Kalisch et al., 2006; Milad & Quirk, 2002; Milad et al., 2005; 

2008; Morgan & LeDoux, 1995). By facilitating fear extinction, higher trait BIS could 

act to reduce the number of conditioned fears and hence general level of distress among 

individuals with the same degree of trait FFFS sensitivity.  A reduction in fears/general 

levels of distress would in turn result in lower scores on measures such as the Stress 

Reaction Scale or STAI-T.  This suggestion receives some support from the findings of 

Gallinat et al. (2005) who found that scores on the STAI-T were negatively associated 

with a marker of hippocampal neuronal and axonal density, suggesting a negative 

relationship between scores on the STAI-T and trait BIS.

The explanations offered above suggest that the apparent negative relationship 

between measures of impulse control and those purportedly sensitive to trait FFFS may 

reflect a complex interaction between trait BIS/FFFS and BAS. The discussion and 

findings presented here also suggest that overlap in measures sensitive to trait BIS, 

FFFS and BAS may be unavoidable.  However, statistical methods such as multiple 

regression may provide a means of disentangling these complex effects and 

measurement overlap to isolate the unique predictive nature of these three traits.  It is 

thus proposed that future studies may need to measure all three traits, and take 



291

advantage of multiple regression techniques in order to detect and isolate any one trait 

alone. 

Although the results of the current study hold important implications for both the 

measurement and conceptualisation of trait BIS and FFFS sensitivity, a number of 

limitations should be highlighted. Firstly, although, as reviewed in Chapter 5, there 

exists some convincing evidence linking Constraint and Negative Emotionality 

measures to trait BIS and FFFS respectively, future validation of these measures in 

relation to the revised RST is needed. For instance, studies examining the validity of 

Control, Harm Avoidance and Stress Reaction in distinguishing the various forms of 

clinical anxiety/fear, or in relation to hippocampal functioning/integrity or sensitivity to 

anxiolytics, would provide compelling evidence to support the validity of these 

measures in relation to the revised models of trait BIS and FFFS sensitivity. The study 

was also limited by sample size, which was considered too small to formally compare 

the three-factor and four-factor solutions with model-fit indices. Finally, as the study 

used an entirely female sample, the findings cannot be generalised to males. Future 

studies are thus needed to determine whether or not the findings reported here are also 

applicable to males. 

8.5 Conclusions

This was the first study to date to explore the factor structure of measures 

considered valid indices of the revised trait BIS and FFFS, existing BAS measures and 

former BIS measures. An exploratory factor analysis derived three factors which closely 

resembled the revised model of trait BIS, BAS and FFFS. Accordingly, the findings 

provide preliminary support for the three-factor structure of the revised RST. Somewhat 

surprisingly, all former BIS measures loaded exclusively on the FFFS factor, suggesting 

that they primarily index trait FFFS sensitivity. Further examination of the bivariate 



292

relationships among measures did, however, suggest that CW-BIS and SP may also 

index some degree of trait BIS sensitivity, based on their relationships with Harm 

Avoidance, Control and Fun Seeking. In contrast, Stress Reaction and STAI-T appear to 

represent relatively pure markers of trait FFFS sensitivity. 

The current findings also suggest that BIS and FFFS mediated processes result 

in qualitatively distinct forms of worry. Based on relationships observed in clinical and 

non-clinical samples between anxiety/worry and intolerance of uncertainty measures, it 

was suggested that FFFS mediated worry is primarily captured by measures such as the 

STAI-T and Stress Reaction (and potentially, SP and CW-BIS) and BIS mediated worry 

by intolerance of uncertainty measures and potentially Control/Harm Avoidance. 

Distinguishing between trait BIS and FFFS mediated worry holds important 

implications for both the aetiology and future treatment of anxiety-related disorders. 

Finally, the relationship observed between Stress Reaction, STAI-T and poor 

impulse control (I7), is consistent with previous research showing a robust relationship 

between Negative Emotionality and enhanced substance use. As enhanced I7 scores 

were also accompanied by enhanced scores on SR, it appears that this relationship 

between trait FFFS sensitivity (Stress Reaction and STAI-T) and impulse control may 

be mediated by enhanced trait BAS sensitivity. This proposal is in fact consistent with 

evidence of a neurobiological mechanism linking enhanced stress-induced cortisol to 

enhanced sensitivity in dopaminergic pathways. Such a model also has the capacity to 

explain the high rate of comorbodity between panic-related anxiety disorders and 

substance abuse.

In sum, the current findings provide insight into the relationship between former 

BIS measures and the revised BIS and FFFS constructs and provide some preliminary 

support of a three factor BIS, BAS and FFFS model. Several directions for future 
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research have been raised which hold important potential implications for the aetiology 

and treatment of anxiety disorders and co-morbid anxiety/substance use disorders. 

Finally, although the Control, Harm Avoidance and Stress Reaction measures exhibited 

the expected loadings within the BIS/BAS/FFFS model, future research, extending on 

that reviewed in Chapter 5, is required to further validate these measures as indices of 

the revised trait BIS and FFFS.
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CHAPTER 9

Study 2

9.1 Introduction

The P300 event-related potential, in particular the P3a component which is 

largely reflected in the frontal P300 response to novel/distractor stimuli, was discussed 

at length in Chapter 6 as a neurophysiolgical marker of the BIS. This position was 

based on the extensive overlap between the BIS and the P300 at a neuranatomical, 

behavioural, neurophysiological and pharmacological level. These points of 

convergence will be briefly summarised again here.  Firstly, the conditions under which 

P300 responses are elicited (i.e., presentation of an oddball stimulus) involve conflict 

between expected and actual outcomes, and are thus sufficient for BIS activation 

(Nieuwenhuis et al., 2005; Gray & McNaughton, 2000). In particular, novelty (i.e., 

novel oddballs), which inherently elicits approach-avoidance conflict, presents a 

condition under which BIS activation would be expected (Gray & McNaughton, 2000). 

In addition, variance in the degree of conflict is accompanied by changes in P300 

amplitude (e.g., Dempilrap et al., 2001; Duncan-Johnson & Donchin, 1977; Gonsalvez 

& Polich, 2007). This suggests that degree of BIS activation may be reflected in P300 

amplitude. 

Secondly, frontal P300 responses to novelty are critically linked to hippocampal 

regions (e.g., Knight, 1996), which, in turn, form the neuroanatomical core of the BIS 

(Gray & McNaughton, 2000). In addition to hippocampal regions, cingulate and frontal 

cortical regions aligned with the BIS (Gray & McNaughton, 2000) have also been 

linked to novelty P300 generation (e.g., Alain et al., 1989; Baudena et al., 1995; 

Bledowski et al., 2004; Bunzeck et al., 2007; Daffner et al., 2000; Halgren et al., 

1995a,b; Knight et al., 1989; Knight, 1997; Yamaguchi & Knight, 1991).
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At a pharmacological level, anxiolytics, which behaviourally mirror the effects 

of diffuse septo-hippocampal lesions (Gray & McNaughton, 2000), produce a reduction 

in P300 responses (e.g., Pooviboonsuk et al., 1996; Semlitsch et al.,1995). This 

anxiolytic-related reduction in P300 amplitude is particularly pronounced for frontal 

responses to novel/distractor stimuli (e.g., Campbell & Lowick, 1984; Marinkovic et al., 

2001). Reductions in P300 amplitude are also observed across a broad range of 

disorders and traits characterised by poor behavioural inhibition/constraint (for a recent 

review see Porjesz et al., 2005) including trait levels of rash impulsiveness (Chen et al., 

2007; Justus et al., 2001; Moeller et al., 2004; Ratsma et al., 2001; Wang & Wang, 

2001).

Finally, as discussed in Chapter 5, activity within the septo-hippocampal system 

is accompanied by a gross extracellular theta rhythm (Gray & McNaughton, 2000). The 

P300 also partially reflects phase-locking and power changes in frontal theta oscillations 

recorded at the scalp (Anoklim et al., 2001; Basar et al., 1999;  Demiralp et al., 2004; 

Fell et al., 2004; Kamarajan et al., 2004; Karakas et al., 2000; Porjesz et al., 2005; 

Yordanova & Kolev, 1998; Yordanova et al., 2003). Although it is not yet clear whether 

scalp-recorded frontal theta oscillations directly reflect activity within the septo-

hippocampal system and its cortical projections, recent evidence of functional coupling 

between hippocampal and prefrontal regions (Jones & Wilson, 2005a,b; Siapas et al., 

2005; Young & McNaughton, 2009), as well as evidence linking hippocampal and 

medial prefrontal activity to scalp recorded frontal theta elicited to conflict (eg., Cohen 

et al., 2008; Gallinet et al., 2006) provide some preliminary support for this position.

Study 1 was conducted to explore the relationship between self-report measures 

either developed or otherwise employed as indices of the former trait BIS construct (i.e., 

SP, CW-BIS and STAI-T), existing measures linked to the trait BIS and FFFS in their 
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revised form (Harm Avoidance, Control, I7, Fun Seeking and Stress Reaction) and 

existing trait BAS measures (SR, Reward Drive, Reward Responsivity). The findings 

built on evidence presented in Chapter 5, supporting the use of Control, I7, Fun Seeking 

and Harm Avoidance as indices of trait BIS sensitivity and Stress Reaction as an index 

of trait FFFS sensitivity. They also suggest that former BIS measures (STAI-T, SP, CW-

BIS) now primarily reflect individual differences in trait FFFS sensitivity. 

The primary aim of the current study was to test the distinction observed in 

Study 1 between BIS- and FFFS-loading measures by examining the extent to which 

they each predict individual differences in a proposed neurophysiological marker of the 

BIS, namely, the novelty P300. Specifically, it was was expected that enhanced novelty 

P300 amplitude would be associated with higher trait BIS (so higher Control and Harm 

Avoidance and lower I7 and Fun Seeking scores). As hippocampal/frontal damage as 

well as anxiolytics result in P300 amplitude reductions which are maximal at frontal 

regions, effects in the current study were also expected to be maximal at frontal 

electrode sites. In contrast, no relationship was expected between measures primarily 

reflecting trait FFFS (SP, STAI-T, Stress Reaction, CW-BIS) and novelty P300 

amplitude.

As discussed above, and at greater depth in Chapter 6, the novelty P300 response 

largely results from phase-locking and power increases in frontal theta oscillations. 

Furthermore, the effects of anxiolytics and septo-hippocampal lesions on septo-

hippocampal theta are central to Gray and McNaughton's (2000) model of BIS. Given 

preliminary evidence cited above which links frontal, scalp-recorded theta oscillations 

to septo-hippocampal and medial prefrontal activity (and hence to BIS), it was also of 

interest to explore the relationship between trait BIS and FFFS measures and the theta 

response to novelty. If frontal theta oscillations elicited to novel stimuli are in fact 
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related to theta activity in the septo-hippocampal system, they may exhibit greater 

specificity as a neurophysiological marker of BIS activity than the novelty P300 itself. 

Changes in underlying oscillatory activity, such as frontal theta oscillations, that 

occur in response to an event (e.g., presentation of a novel stimulus) can be either 

phase-locked (evoked) or non-phase-locked (induced) to the stimulus/event onset 

(Kalcher & Pfurtscheller, 1995). Evoked activity occurs at approximately the same time 

after each event of interest, such that negative and positive peaks in the oscillation occur 

in approximately the same position in time for each epoch (e.g., each 1 second period 

following an event of interest). However, the same event can cause amplitude increases 

in underlying oscillatory activity that does not become phase-locked to the stimulus 

(i.e., induced activity; Basar, Schurman, & Sakowitz, 2001; Doppelmayr; Klimesch, 

Schwaiger, Stadler, & Rohm, 2000). When epochs are averaged, evoked activity 

becomes clearer, whilst induced activity is attenuated. ERPs such as the P300 which 

involve averaging of event-related epochs, reflect evoked activity.  However, 

meaningful increases in induced theta may also be elicited to novel stimuli that are not 

captured by evoked measures. Thus the current study explored the relationship between 

both evoked and induced theta elicited to novel stimuli and the trait BIS and FFFS 

measures outlined above. 

On the basis of evidence presented above it was hypothesised that evoked and 

induced frontal theta oscillations elicited to novelty reflect activation in the BIS. 

Accordingly it was expected that higher trait BIS (higher Harm Avoidance and Control 

and Lower I7 and Fun Seeking scores) would result in greater BIS activation to novelty 

and hence enhanced evoked and induced theta. In contrast, no relationship was expected 

between evoked or induced theta elicited to novelty and trait FFFS measures (STAI-T, 

SP, CW-BIS, Stress Reaction). 
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9.2 Method

9.2.1 Participants

Study participants included 103 right-handed females with a mean age of 21.84 

(SD = 4.44) years.  Procedures for recruiting participants were the same as those 

described in Study 1. All participants were free from neurological disorders, including 

stroke, tumour, epilepsy, and encephalitis and had not been unconscious after an injury.  

9.2.2 Materials

9.2.2.1 Questionnaires.  Participants completed the SPSRQ (Torrubia et al., 

2001), the Carver and White (1994) BIS/BAS scales, the Harm Avoidance, Control and 

Stress Reaction scales from the MPQ (Tellegen, 1982), the STAI-T (Spielberger et 

al.,1983) and the I7 (Eysenck et al., 1993). All questionnaires were administered via the 

online procedure described in Study 1. Descriptions, item examples, and psychometric 

properties of each self-report measure are outlined in Chapter 8, section 8.2.2. Due to a 

content problem with the online questionnaire website, the first fourteen participants to 

attend the laboratory sessions did not have valid BIS/BAS data, thus CW-BIS data are 

not reported in the current study. 

9.2.2.2  Visual Oddball Task. A three-stimulus visual oddball task based on that 

described by Demiralp et al. (2001) was administered to all participants. As described in 

Chapter 6, all oddball tasks include a frequently presented standard stimulus which 

participants view but do not respond to and an infrequent target stimulus which requires 

a response. Three-stimulus oddball tasks include a third infrequent stimulus which is 

either a novel (each stimulus is unique) or distractor (each stimulus is the same) 

stimulus, which are distinct from the target and standard stimuli and are to be viewed 

but not responded to. It was decided to base the current task on that employed by 

Demiralp et al. because this group observed increases in evoked theta with increasing 
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stimulus novelty, a finding which is consistent with the notion that frontal scalp-

recorded theta reflects BIS activity. 

The task involved the presentation of three types of stimuli: frequently presented 

standard stimuli, infrequently presented target stimuli and infrequently presented novel 

stimuli. Figure 9-1 displays examples of the stimulus types. The target stimulus differed 

from the standard stimulus in size only. The standard:target size ratio (radius length is 

1:1.3) was based on the difficult standard:target discrimination manipulation employed 

by Demiralp et al.(2001). A difficult visual target/standard discrimination was employed 

as it has been shown to exhibit good discrimination between individuals with normal 

and disinhibited behaviour (Polich et al., 1994). Novel stimuli were a two-tone coloured 

square. Each square exhibited its own unique pattern to ensure that all squares were 

essentially “novel”. Presentation probability was 0.8 (standard), 0.1 (target) and 0.1 

(novel) respectively over 500 trials. 

Stimuli were presented in a pseudo-random order with the limitation that novel 

and target stimuli could never be immediately preceded or followed by another novel or 

target stimuli. Thus novel and target stimuli were always separated by at least one 

standard stimuli. The trials were presented across three blocks interspersed with two rest 

periods. Each stimulus was presented at the centre of the screen for 75 ms duration with 

a 2 s inter-stimulus interval. Participants were instructed to attend to but not respond to 

standard and novel stimuli but to press a green coloured key on a keyboard as fast as 

possible when they saw the target stimuli. Instructions were presented to the participant 

on the computer screen in front of them. A full set of task instructions are presented in 

Appendix B. The task was approximately 18-20 min in duration including a 15 trial 

practice block.  
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9.2.3 EEG Recording and Apparatus

Scalp EEG was recorded from 32 silver/silver-chloride (Ag/AgCl) sintered

electrodes embedded in a lycra stretch Quick-Cap (Neurosoft Inc., Sterling, Virginia). 

All electrodes were referenced to the left mastoid online (and re-referenced to a com-

puter-averaged mastoids reference offline). Electrode locations corresponded to the In-

ternational 10-20 system (see Figure 2-1). Nineteen scalp locations were recorded in-

cluding Fp1, Fp2, F3, F4, F7, F8, Fz, FT7, FT8, FC3, FC4, C3, C4, Cz, CP3, CP4, T7, 

T8, TP7, TP8, P3, P4, P7, P8, Pz, O1, O2, Oz. Vertical and horizontal eye movements 

were also recorded by measuring electrooculogram (EOGs) activity with bipolar 

Ag/AgCl drop electrodes attached to the supra-orbital ridge above the left eye, the 

obicularis oculi muscle below the left eye, and adjacent to the outer canthus of both the 

left and right eye. 

EEG and EOG were recorded continuously throughout the visual oddball task. 

Data were amplified with a 32-channel SynAmps2 Model 5083 amplifier (input imped-

ance: 10 MV; Neuroscan Inc) in AC mode, with a digital band-pass set at 0–100 Hz and 

digitised at a sampling rate of 1000Hz. Digitised data were saved directly to the hard 

drive of a Pentium IV computer. Impedances were maintained below 5KΩ throughout 

each recording session. Participants were seated in a comfortable arm chair located in a 

sound attenuated room surrounded by a Faraday cage. The experimenter and the 

Figure 9-1. Standard, Target and Novel stimuli presented during the visual oddball task. 
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presentation and data acquisition computers were located in an adjacent room where the 

experimenter could monitor the participants' EEG and EOG data through the Neuroscan 

4.3 Acquire software. The visual oddball task was presented with custom-written Py-

thon based stimulus presentation software. Stimuli were presented to participants on a 

Samtron CRT monitor, which was positioned at eye level 90 cm in front of the parti-

cipant. The experimenter controlled task presentation via a separate HP Compaq dc7700 

Pentium desktop computer located in the adjacent room. An intercom enabled parti-

cipants to communicate with the experimenter. A small camera positioned directly 

above the participants' computer screen allowed the experimenter to monitor the parti-

cipant from the adjacent room.

9.2.4 Procedure

Before attending the laboratory session, all participants completed a set of online 

questionnaires. This procedure and the online consent process were described in Section 

8.2.3. On attending the laboratory session participants firstly provided informed con-

sent. The electrode cap and drop electrodes were then attached. Participants were then 

led into an adjacent room and seated in an armchair. Impedances were checked and the 

participants were explicitly asked to try to minimise their blinking and any body and 

head movement during the task. The experimenter then left the room and participants 

were presented with on-screen task instructions and given a 15 trial practice block. After 

the practice block, participants were instructed that the task would begin in 

10 s. There were two rest periods during the task. The length of the rest period was de-

termined by the participant. Participants also completed a resting baseline and an avers-

ive conditioning procedure during this laboratory session, but the findings are not 

presented here. The visual oddball task was always presented first, followed by the rest-

ing baseline, and then the aversive conditioning task. Once participants had completed 
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the tasks they were taken into the adjacent room where the electrodes were detached. 

The current study was approved by a Griffith University Human Research Ethics Com-

mittee (reference number: PSY/18/07/HREC).

9.2.5 Signal Processing

Continuous EEG data were first submitted to a regression based blink-correction 

procedure (Semlitsch, Anderer, Schuster, & Presslich, 1986). Epochs of 1100 ms dura-

tion (-100 to 1000 ms post-stimulus offset) were then obtained for novel and standard 

stimuli. Epoched data were then baseline corrected and band-pass filtered at 0.15-30 Hz 

with a 12dB roll off and zero phase-shift. Additional artifacts were removed through an 

automated artifact rejection procedure which rejected epochs on which EEG or EOG ex-

ceeded +/- 75μV. Artifact-free epochs were then re-referenced to a computer-averaged 

linked mastoids reference. A a criterion of at least 30 trials was set for deriving stimulus 

averages (Handy, 2005). This led to the rejection of three participants who had less than 

30 novel stimulus trials available following artifact rejection. Their data were excluded 

from further analysis. 

9.2.5.1 Novelty P300. To derive the P300 ERP indices, epochs were averaged 

separately for novelty and standard stimuli. For each individual up to 50 standard stimu-

lus trials were randomly selected from the artifact-free standard stimulus epochs.  The 

procedure allowed the number of standard trials selected to approximate the number of 

artifact-free novel trials for that individual. Across participants, an average of 44.54 arti-

fact-free novel trial epochs and 44.70 standard trial epochs were available for averaging. 

Peak P300 amplitude to novel and standard stimuli at Fz, Cz and Pz was obtained 

through an automatic peak-detection procedure which selected the largest positive peak 

amplitude within a 300-500ms window post- stimulus onset. A novelty 
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P300 difference wave was also derived by subtracting the standard average wave from 

the novel average wave (see Figure 9-2). Calculating a difference score controls for in-

dividual differences in skull thickness and volume conduction which could contribute to 

P300 (and theta) amplitude (Handy, 2005). 

Peak P300 amplitude at Fz, Cz and Pz for the difference wave was obtained by 

applying the same peak-detection procedure and parameters. Automatic peak-selections 

were also checked through careful visual inspection and adjusted manually if necessary.

9.2.5.2 Novelty theta. The method for deriving an evoked theta index was based 

on that described by Basar-Eroglu, Basar, Demilrap and Schurmann (1992). Artifact 

free epochs were bandpass filtered at 4-8 Hz with a 48dB roll off and zero phase-shift. 

Filtered novel stimulus epochs were then averaged. Again, an equivalent number of 

filtered standard stimulus epochs were also randomly selected and averaged. Peak-to-

peak amplitude was obtained by detecting the maximum negative peak between 150-

Figure 9-2. Novel (grey) and standard (black) P300 waves at Pz. A P300 difference wave 

(grey broken line) is created by subtracting the standard P300 wave from the novel P300 

wave. 

Time (ms)

A
m

pl
itu

de
 (μ

V)



304

300ms and the maximum positive peak between 300-500ms. Evoked novelty difference 

scores were obtained by subtracting the peak-to-peak amplitude to the standard stimulus 

from the peak-to-peak amplitude to the novel stimulus (see example standard and novel 

evoked theta peaks in Figure 9-3). 

Induced theta activity was derived by calculating the intertrial variance across 

epochs of interest (Kalcher & Pfurtsheller, 1995). Following Kalcher and Pfurtsheller 

(1995), epochs were first band-pass filtered at 4-8 Hz with a 48dB roll off and zero 

phase-shift. That is, for each point in the 1100 ms epoch, the sum of squared deviations 

from the mean, across trials, is calculated. This results in a power (μV2) value. The 

points were then averaged within 50 ms windows and peak power between 300-500 ms 

post stimulus onset was then obtained for novel and standard stimuli via an automated 

peak-detection procedure. An induced theta difference score was also created by sub-

tracting peak induced power to standard stimuli from peak induced power to novel stim-

uli (see standard and novel induced theta peaks in Figure 9-4). All peak power 

Figure 9-3. Novel (black) and standard (grey) evoked theta waves at Cz.
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indices were then submitted to a square root transformation to obtain an amplitude 

value. Note that as calculation of variance removes the mean evoked theta activity, the 

two indices, evoked and induced theta, are completely independent and complimentary 

(Kalcher & Pfurtsheller, 1995).

9.2.6 Data Analysis

9.2.6.1 Manipulation and topography check. Three 2 x 3 within-subjects 

ANOVAs were conducted to compare responses to novel and standard stimuli for P300, 

induced theta and evoked theta. Stimuli (novel, standard) and electrode site (Fz, Cz, Pz) 

served as the independent variables in each analysis. The dependent variable was 

amplitude (μV) or power (μV2). Significant electrode site main effects (indicating 

general topographic effects) were followed up with Bonferroni corrected pairwise 

comparisons. Significant interactions were examined with follow-up pairwise 

comparisons with alpha set p < .01 to adjust for multiple comparisons. 

9.2.6.2 Bivariate correlations. To test hypothesised relationships between 

novelty P300/theta and trait BIS, a series of Pearson's correlation coefficients were 
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Figure 9-4. Novel (black) and standard (grey) induced theta waves at Fz.



306

computed between P300/theta variables (peak amplitude of P300 difference wave, 

induced theta difference scores and evoked theta difference scores at Fz, Cz and Pz) and 

self-report trait BIS measures (Harm Avoidance, Control, I7). Trait FFFS measures (SP, 

STAI-T, Stress Reaction) were also included to test the hypothesis that relationships 

seen between trait BIS measures and P300/theta variables would not be evident for trait 

FFFS measures. Fun Seeking and CW-BIS were not analysed in the current study due to 

a large proportion of missing data (described previously in Chapter 8) on these 

measures.

9.3 Results

9.3.1 Data Screening

9.3.1.1 Within-subjects ANOVAs. The data set on which ANOVAs were 

conducted included no missing values. The assumption of sphericity was violated for all 

three-way main effects and interactions within each of the three analyses (all ps < .001). 

As such, all ANOVA findings are reported with a Greenhouse-Geisser correction 

(Greenhouse & Geisser, 1959).  

Distributions of all novelty and standard P300 variables met the assumptions of 

normality. One univariate outlier was identified. ANOVAs were run with and without 

this outlier. No difference in the significance or direction of results was found, thus this 

outlier was retained in the analysis and results reported below.

Significant positive skewness and kurtosis were detected for evoked theta to 

novel stimuli at Fz, Cz and Pz. Natural log transformation did not correct this. Six 

univariate outliers were identified. Removal of these cases corrected for both skewness 

and kurtosis. Results were run with and without outliers. This did not affect the 

direction or significance of any results, thus ANOVA results for evoked theta are 

reported with these outliers included. 
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Finally, positive skewness and kurtosis were apparent for the induced theta to 

standard stimuli at Pz. Two univariate outliers were identified. Removal of these cases 

normalised the distribution. However, these two cases were retained in the analysis and 

reported findings as no difference was observed in the significance or direction of 

ANOVA results when the analysis was run with and without the outliers included. 

9.3.1.2 Bivariate correlations. The data set included in the correlational analyses 

contained no missing values. Checks for normality indicated that distributions for 

induced theta difference scores at Fz and evoked theta difference scores at Fz and Cz 

were positively skewed. Significant kurtosis was also evident for all three variables 

exhibiting skewed distributions.  All variables were examined for univariate outliers. All 

three variables were submitted to a natural log transformation which corrected for 

kurtosis in all three and for skewness in all but evoked theta at Cz. All untransformed 

and transformed variables were checked for univariate outliers. The same two cases 

were outliers on induced theta at Fz, evoked theta at Cz and Fz both before and after 

transformation (p < .001). Removal of these outliers corrected for the remaining 

skewness in evoked theta at Cz after transformation and induced and evoked theta at Fz 

both before and after transformation. Analyses were run with and without these outliers. 

Inclusion of the outliers had no impact on the significance or direction of findings thus 

they were retained in the analysis and results reported here. As well, evoked and 

induced theta at Fz are reported as untransformed variables and evoked theta at Cz is 

reported after a natural log transformation.

9.3.2 Novelty P300

 Prior to examining the relationship between novelty P300 and trait BIS/FFFS 

measures, it was first necessary to establish that novel stimuli had produced a significant 

overall increase in P300 amplitude and to determine whether this effect was maximal at 
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frontal locations. A 2 x 3 within-subjects ANOVA was conducted with stimulus (novel, 

standard) and electrode (Fz, Cz, Pz) as independent variables and peak P300 amplitude 

(μV) as the dependent variable. Main effects for electrode, F(1.535, 151.944) = 87.542, 

p < .001, and stimulus, F (1.00, 99.00) = 104.187, p < .001 were observed. As illustrated 

in Figure 9-5a-c, the main effect for stimulus was due to a larger P300 response elicited 

to novel relative to standard stimuli. Bonferroni corrected pairwise comparisons 

indicated that the main effect for electrode was due to greater overall 

activity at Pz and Cz relative to Fz, (ps < .001). No difference was found between 

activity at Pz and Cz (p = .068). A significant electrode by stimulus interaction was also 

observed F(1.656, 163.904) = 21.666, p < .001. To establish the basis of the stimulus

by electrode interaction, difference scores were created by subtracting the peak 

amplitude to standard stimuli from the peak amplitude to novel stimuli at Pz, Cz and Fz. 

These three difference scores were then compared to one another with a series of 

Bonferroni corrected pairwise comparisons. Results indicated that the difference 

between novel and standard stimuli was significantly larger at Pz and Cz relative to Fz 

(ps <.001), but was similar at Pz and Cz (p = .747). Thus novelty P300 effects were 

maximal at Cz and Pz.

Relationships between self-report measures and peak amplitude of P300 

difference waves were examined with a series of Pearson's correlation coefficients. 

Table 9-1 presents the results of correlations between Harm Avoidance, Control, Stress 

Reaction, SP, and I7, and peak P300 amplitude at Fz, Cz, and Pz.  No significant 

relationships were observed.

9.3.3 Novelty theta: evoked

Prior to examining the relationship between novelty theta and trait BIS/FFFS 

measures, it was first necessary to establish that novel stimuli produced a significant 
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Table 9-1.

Correlations between Peak Novelty P300 Amplitude at Fz, Cz and Pz and Self-Report  

BIS and FFFS Measures.

Self-report measures

Novelty 

P300

Harm 

Avoidance Control I7

Stress 

Reaction SP STAI

Fz -.036 .120 -.070 -.035 -.008 -.004

Cz .107 .026 -.011 .032 .038 .029

Pz -.177 .036 -.068 -.013 -.017 0.01

increase in theta amplitude and to determine whether this effect was maximal at frontal 

locations. A 2 x 3 within-subjects ANOVA was conducted with stimulus (novel, 

standard) and electrode (Fz, Cz, Pz) as independent variables and evoked theta peak-to-

peak amplitude (μV) as the dependent variable. A main effect for electrode, F(1.666, 

164.963) = 27.293, p < .001, and stimulus, F (1.00, 99.00) = 111.284, p < .001 was 

observed. As illustrated in Figures 9-6a-c the main effect for stimuli was due to larger 

evoked theta  for novel stimuli overall. Post-hoc Bonferroni corrected pairwise 

comparisons indicated that the main effect for electrode was due to greater evoked theta 

at Fz and Cz relative to Pz, (ps < .001), but no difference between evoked theta at Cz 

and Fz (p = .119).  A significant electrode by stimulus interaction was also observed, 

F(1.601, 158.457) = 7.730, p = .001. To examine this further, difference scores were 

created by subtracting the peak-to-peak evoked theta amplitude to standard stimuli from 

the peak-to-peak evoked theta amplitude to novel stimuli at Pz, Cz and Fz. These three 

difference scores were then compared with a series of Bonferroni corrected pairwise 

comparisons.  Results indicated that standard-novel differences were significantly 



311

Time (ms)

A
m

pl
itu

de
 (μ

V)

Time (ms)

Time (ms)

A
m

pl
itu

de
 (μ

V)
A

m
pl

itu
de

 (μ
V)

b.

a.

Figure 9-6. Evoked theta  waves elicited to novel (black) and standard (grey) stimuli at: (a) 

Fz, (b)  Cz, and (c) Pz.

c.



312

greater at Cz relative to Pz (p < .001), but did not significantly differ  between Cz and 

Fz (p =.187) or between Fz and Pz (p =.135). Thus novelty evoked theta effects appear 

to be maximal at Cz and Fz. 

Relationships between self-report measures and evoked theta were examined 

with a series of Pearson's correlations. Table 9-2 presents the results of correlations 

between Harm Avoidance, Control, Stress Reaction, SP, I7 and evoked theta differences 

scores at Fz, Cz and Pz.  Evoked theta at Fz was negatively correlated with Harm 

Avoidance and Control only.  Control was also negatively correlated with evoked theta 

at Cz.  No other significant relationships were observed.

9.3.4 Novelty theta: Induced 

To firstly establish an effect of novel stimuli on induced theta, a 2 x 3 within-

subjects ANOVA was conducted with stimulus (novel, standard) and electrode (Fz, Cz, 

Pz) as the independent variables and peak induced theta power (μV2) as the dependent 

variable. Main effects for electrode, F(1.545, 152.977) = 61.129, p < .001, and stimulus, 

F (1.00, 99.00) = 66.955, p < .001 were observed.  As illustrated in Figures 9-7a-c the 

main effect for stimulus was due to larger induced theta for novel stimuli overall. 

Bonferroni corrected pairwise comparisons indicated that the main effect for electrode 

was due to greater induced theta at Fz and Cz relative to Pz, (ps < .001), but no 

difference between induced theta at Cz and Fz (p = .240)  A significant electrode by 

stimulus interaction was also observed  F(1.703, 168.639) = 24.271, p < .001. To 

examine this further, difference scores were created by subtracting the peak induced 

theta amplitude to standard stimuli from the peak induced theta amplitude to novel 

stimuli at Pz, Cz and Fz. These three difference scores were then compared with a series 

of Bonferroni corrected pairwise comparisons. Results indicated that standard-novel 

differences were significantly greater at Cz and Fz relative to Pz (ps < .001), but did not 
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Table 9-2.

Correlations between Peak-to-peak Novelty Evoked Theta Amplitude at Fz, Cz and Pz 

and Self-Report BIS and FFFS Measures.

Self-report measures

Novelty 

theta: 

Evoked

Harm 

Avoidance Control I7

Stress 

Reaction SP STAI

Fz -.322** -.296** .155 .011 -.094 .065

Cz -.219* -.263** .124 -.019 -.078 .036

Pz -.071 -.073 -.073 -.006 -.107 .004
* p <.05, two-tailed., ** p < .01, two-tailed.

significantly differ between Cz and Fz (p =.698). Thus novelty induced theta effects

appear to be maximal at Cz and Fz. 

Relationships between self-report measures and induced theta difference scores 

were examined with a series of Pearson's correlations. Table 9-3 presents the results of 

correlations between Harm Avoidance, Control, Stress Reaction, SP, and I7, and induced 

theta difference scores at Fz, Cz, and Pz.  Induced theta at Cz was negatively correlated 

with Harm Avoidance and Control. No other significant relationships were observed. 

9.3.5 Post-Hoc Exploratory Analyses

The correlational analyses conducted between self-report measures and theta 

/P300 amplitude measures produced an unexpected pattern of findings. Firstly, no 

relationship was observed between BIS measures (Harm Avoidance/Control/I7) and 

novelty P300 amplitude at any of the midline sites.  At the same time, significant 
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Table 9-3

Correlations between Peak Novelty Induced Theta Amplitude at Fz, Cz and Pz and Self-

Report BIS and FFFS Measures.

Self-report measures
Novelty 

theta: 

Induced

Harm 

Avoidance

Control I7 Stress 

Reaction

SP STAI

Fz -.167 -.189 .116 .003 .055 -.028

Cz -.369*** -.261** .101 -.083 -.063 -.084

Pz -.099 -.091 .037 -.124 -.131 -.093

negative relationships were observed between BIS measures and induced and evoked 

theta at frontal and central midline regions.  Although not reported here, P300 and theta 

measures at Cz and Fz were also positively correlated (pearson's r ranging from .330 to .

428, ps < .01).  Considered together, this pattern of correlations suggests that 

suppression may account for the failure to observe a positive relationship between P300 

amplitude and self-report BIS measures.  Specifically, because P300 shares variance 

with both theta measures, the negative relationship between Harm Avoidance/Control 

and evoked and induced theta is obscuring an otherwise positive relationship which may 

exist between P300 and Harm Avoidance/Control. If a suppression effect exists, entering 

the suppressor variables (induced/evoked theta) into a regression analysis with P300 

amplitude predicting Harm Avoidance/Control will increase the predictive validity 

of P300 amplitude, with P300 amplitude predicting higher Harm Avoidance/Control 

scores. 

In addition, the use of difference scores (novelty amplitude – standard 

* p <.05, two-tailed, ** p < .01, two-tailed, *** p < .001



316

amplitude) in the correlational analyses introduces the possibility that negative 

correlations between self-report BIS measures and induced and evoked theta may reflect 

higher baseline theta among high trait BIS individuals. This is hypothetically 

represented in Figure 9-8. That is, the correlations observed suggest that individuals 

high on trait BIS produce smaller increases in theta in response to novelty.

However, because increases are relative to baseline levels of theta elicited to standard 

stimuli, smaller difference scores may in fact reflect greater baseline theta among high 

trait BIS individuals.  

Figure 9-8. Hypothetical representation of the negative relationship between novelty 

theta difference scores and trait BIS as a function of a hypothesised positive relationship 

between trait BIS and baseline theta to standard stimuli. The lines represent 

hypothesised relationships between trait BIS and raw theta amplitude to novel and 

standard stimuli.  The arrows represent the potential difference scores at increasing 

levels of trait BIS. 
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It was decided to examine both of these potential explanations for the 

unexpected pattern of findings within consecutive stages of a hierarchical multiple 

regression model2. As both Harm Avoidance and Control demonstrated significant 

relationships with evoked and induced theta, scores on these measures were 

standardised (z transform) and summed to form a composite trait BIS scale which acted 

as the dependent variable in the model.  P300 difference scores at Fz were entered at the 

first stage. At the second stage, evoked theta difference scores at Fz and induced theta 

difference scores at Cz were entered to examine the suppression hypothesis. These two 

locations were selected because this is where induced and evoked theta exhibited the 

strongest relationships with Harm Avoidance and Control.  At the third stage, evoked 

theta to standard stimuli at Fz and induced theta to standard stimuli at Cz were entered 

to examine the hypothesis that negative difference scores may reflect higher baseline 

theta to standard stimuli among individuals with high trait BIS. Prior to running the 

analysis, additional screening for univariate outliers and violations of normality was 

undertaken for all variables to be entered into the model. All distributions exhibited 

adequate normality but two univariate outliers were apparent for standard and novel 

evoked theta at Fz. A natural log transformation on these variables produced moderate 

negative skewing. Analyses were run with and without both outliers. Inclusion of one of 

these outliers significantly altered the beta weight of the variable for which that case 

was an outlier. This case was thus excluded from further analysis. Screening for 

multivariate outliers and collinearity was also undertaken for all variables entered into 

the model. Based on a Mahalanobis Distance cut off of p < .001, no multivariate outliers 

were detected.

Collinearity diagnostics following the criteria outlined by Belsely et al. (1980) 

2 There was no reason to conduct follow-up post-hoc analyses for Stress Reaction, SP, STAI-T or I7 

because none of these measures were significantly related to either induced or evoked theta. 
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also confirmed the absence of multicollinearity. Table 9-4 presents the unstandardised 

and standardised regression coefficients. As expected at Step 1, novelty P300 

amplitudeat Fz alone failed to predict significant variance in trait BIS scores, R = .061, 

F(1, 97) = .361, p = .549. However, once variance associated with novelty induced and 

evoked theta at Fz and Cz was accounted for at Step 2, novelty P300 amplitude at Fz 

emerged as a significant unique predictor of variance in trait BIS scores, with higher 

amplitude predicting higher trait BIS scores, pr =  .247, t(96) = 2.465, p = .016, sr2 = .

047.  As indicated from the beta weights in Table 9-4, both novelty induced and evoked 

theta predicted unique variance in trait BIS scores, and both remained negatively related 

to trait BIS scores. The adjusted R2 at Step 2 indicated that the three predictors together 

accounted for 23.2 % of the variance in trait BIS scores, R = .486, F(2, 95) = 9.772, p 

<.001.

At Step 3, standard evoked theta at Fz and standard induced theta at Cz were 

entered into the model. Only standard evoked theta at Fz predicted unique variance in 

trait BIS scores, with greater baseline evoked theta to standard stimuli predicting higher 

trait BIS scores, pr = .215 t(94) = 2.122, p =.036, sr2 = .035. In addition, once standard 

evoked and induced theta were entered into the model, novelty evoked theta at Fz no 

longer accounted for a significant portion of variance in trait BIS scores. This suggests 

that the negative relationship between evoked theta difference scores at Fz and trait BIS 

scores may be attributable to higher baseline evoked theta among high trait BIS scorers. 

Finally, the multiple regression reported in Table 9-4 was re-run controlling for 

scores on a trait FFFS variable created by standardising and summing scores on the SP, 

Stress Reaction and STAI-T scales.  When trait FFFS scores were entered at step 3 they 

were unrelated to trait BIS scores (ß =.032, p = .803) and had no impact on the 

significant and nonsignificant relationships reported in Table 9-4.
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Table 9-4

Hierarchical Multiple Regression with trait BIS as the criterion and P300, Evoked and 

Induced Theta Amplitude to Novel and Standard Stimuli at Fz and Cz as the predictors.

Variable B SE B ß

Step 1

Novelty P300 at Fz .024 .039 .061

Step 2

Novelty P300 at Fz .092 .037 .235*

Novelty evoked theta at Fz -5.632 2.073 -.286**

Novelty induced theta at Cz -.728 .247 -.307**

Step 3

Novelty P300 at Fz .092 .038 .237*

Novelty evoked theta at Fz -3.821 2.175 -.194

Novelty induced theta at Cz -.981 .265 -.414***

Standard evoked theta at Fz .360 .169 .209*

Standard induced theta at Cz -.268 .163 -.159

Note. R2 =  .004, p = .549; for Step 1; ΔR2 = .232, p < .001, for Step 2;  ΔR2 = .044, p = .
062, for Step 3.

* p <.05, two-tailed, ** p < .01, two-tailed, *** p < .001, two-tailed.

9.4 Discussion

The primary purpose of the current study was to test the construct and 

discriminant validity of measures considered indices of trait BIS sensitivity (Harm 

Avoidance/Control/I7) by examining the extent to which scores on these measures are 
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predicted by novelty P300 amplitude relative to scores on measures considered indices 

of trait FFFS (Stress Reaction/SP/STAI-T).  It was expected that higher trait BIS (so 

high Control and Harm Avoidance and low I7 scores) would be associated with 

enhanced novelty P300 amplitude. In contrast, no relationships were expected between 

measures of trait FFFS and novelty P300 amplitude.

Overall, the results of study 2 provide further support for the distinction between 

trait FFFS and trait BIS measures observed in Study 1. More specifically, individual 

differences in P300 and theta amplitude to novelty were associated with scores on trait 

BIS (Control and Harm Avoidance) but not trait FFFS (STAI-T, SP, and Stress Reaction) 

measures. Although this general pattern of findings supports the hypothesised 

distinction between trait BIS and FFFS measures, the direction and nature of the 

observed relationships was more complex and, in some cases, opposite, to what was 

originally expected.

Although, as expected, higher scores on Control and Harm Avoidance were 

associated with enhanced P300 to novelty, this relationship was not apparent at the zero-

order correlation level, but was instead observed for the residual P300 variance 

remaining once variance associated with induced and evoked theta was removed. The 

implications of this finding are two-fold. Firstly, it suggests that individual differences 

in trait BIS may partially arise from a component of the P300 which is  independent of 

induced and evoked theta amplitude changes. As discussed in Chapter 6, the P300 is 

largely the result of phase-locking and power increases in underlying theta and delta 

oscillations. Whilst induced and evoked delta amplitude changes were not the focus of 

the current study, there is evidence to suggest that they too may reflect BIS activity. 

Firstly, in humans, target and novel stimuli produce delta power increases and phase-
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locking in the hippocampus (Fell et al.,2004). Secondly, delta amplitude elicited to 

target and no-go stimuli is reduced in populations characterised by disinhibition 

(Kamarajan et al., 2004; 2006; Rangaswamy et al. 2007). Thus although delta frequency 

changes were not examined here, it is  possible that the residual variance in P300 

amplitude that was positively related to trait BIS scores in the current study reflected 

changes in underlying delta oscillations, which may, in turn, reflect activity in the BIS. 

It must be highlighted that this explanation is speculative and requires attention within 

future research examining the neural source of both delta and theta components of the 

P300 and their relation to trait BIS measures. 

Unexpectedly, no relationship between I7 and either P300 or theta responses to 

novelty were observed in the current sample. This finding, along with absence of  zero-

order correlations between Harm Avoidance/Control and P300 amplitude, build on 

earlier findings of Justus et al. (2001) which suggest that the relationship between 

Constraint/Rash Impulsiveness and P300 amplitude may vary between males and 

females. Previously, Justus et al. demonstrated a strong positive zero-order correlation 

between Control and target P300 among males in their sample, but failed to observe this 

relationship among females. Other studies have typically either relied on a 

predominantly male sample (e.g., Chen et al., 2007; Moeller et al.,2004) or otherwise 

failed to examine gender differences (e.g., Ratsma et al., 2001; Wang & Wang, 2001; 

Nijs et al., 2007). Moreover, the three studies  in Table 6.1 which reported findings in 

conflict with the proposed trait BIS/P300 relationship all employed predominantly 

female samples (Hansenne et al., 1999; Nijs et al., 2007; Vedeniapin et al., 2001). In 

sum, the current study and previous findings suggest that the neurophysiological basis 

of individual differences in measures aligned here with trait BIS may vary between 

males and females. The possible basis of this gender difference will be discussed further 



322

below.

Perhaps the most unexpected finding in the current study was the negative 

relationship observed between evoked and induced theta to novelty.  For evoked theta 

this effect may be partially attributable to enhanced baseline evoked theta elicited to 

standard stimuli among high trait BIS scorers. By including evoked theta to standard 

stimuli in the regression model, the previously negative relationship between evoked 

theta to novelty and trait BIS scores was reduced to non-significance. In contrast, 

induced theta to standard stimuli was unrelated to trait BIS scores and inclusions of 

baseline theta measures in the regression model appeared to strengthen the negative 

relationship between trait BIS scores and induced theta to novelty.  

Although a relationship between trait BIS scores and evoked theta to standard 

stimuli was unexpected, it is consistent with some previous findings. Using intracranial 

recordings of medial temporal locations (including the hippocampus), Fell et al. (2004) 

observed a phase-locking in the delta frequency range to target stimuli and within the 

theta frequency range to standard stimuli. In contrast, they found an increase in theta 

and delta power to target stimuli but no power change for standard stimuli. Recall that 

induced theta is a change in theta power that occurs in response to a stimulus but is not 

phase-locked to stimulus onset, whereas evoked theta is an increase in theta power that 

is phase-locked to stimulus onset (Kalcher & Pfurtscheller, 1995). With this in mind, 

Fell et al.'s (2004) observation of enhanced medial temporal theta phase-locking, but 

otherwise no change in theta power to standard stimuli, is consistent with the 

relationship between trait BIS scores and enhanced evoked (phase-locked), but not 

induced (non-phase-locked), theta to standard stimuli observed here. Russo et al. (2008) 

also recently found that P300 amplitude to standard stimuli at Fz was the strongest 

predictor of Barratt-11 scores (recalling that the Barratt-11 is a measure of Rash 
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Impulsiveness; see Table 5-2). In their study, reduced P300 amplitude to standard 

stimuli predicted higher Barratt-11 scores. Although this group did not examine theta, 

their findings are consistent with the relationship between evoked activity elicited to 

standard stimuli and trait BIS scores observed within the current study.  

As standard stimulus presentations during an oddball task do not involve any 

explicit conflict, they appear to present a context under which BIS activation would not 

be expected.  However, as previously described, the BIS functions in both a checking 

(conflict-monitoring) and a control (conflict detection/resolution) mode, with both 

modes involving recursive cycling of information between the septo-hippocampal 

system and its cortical and subcortical targets (Gray & McNaughton, 2000). In both 

modes this recursive cycling is accompanied by a recordable extracellular theta rhythm 

(Gray & McNaughton, 2000), thus Fell et al.'s (2004) observation of evoked medial 

temporal theta, and the current study's finding of evoked frontal theta elicited to 

standard stimuli, may reflect activity of the BIS in its checking mode. Moreover, the 

current findings suggest that individual differences in trait BIS may exist at the level of 

the conflict-monitoring (checking). This fits with the notion of trait BIS sensitivity 

manifesting itself as enhanced sensitivity to conflict when goals are disproportionately 

activated, as discussed in Chapter 5. Future studies could be undertaken to examine the 

extent to which trait levels of BIS activity relate to conflict monitoring versus degree of 

BIS output once conflict is detected. It is stressed, however, that as the current findings 

are based on post-hoc exploratory analyses, they first require replication within an 

independent sample of both males and females. 

Although enhanced baseline theta may explain the negative relationship 

observed between evoked theta to novel stimuli and trait BIS scores in the current study, 

it does not account for the negative relationship trait BIS scores share with induced theta 
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to novelty. This finding was unexpected due to previous reports of reduced theta 

(typically a combination of induced and evoked theta) to oddball stimuli among alcohol 

dependent individuals and their high-risk offspring (Jones et al., 2006; Kamarajan et 

al.,2004; Kamarajan et al., 2006; Rangaswamy et al. 2005) and among individuals with 

high trait impulsivity (Kamarajan et al., 2008). It suggests that the theta effects observed 

here are in fact tapping into a neural mechanism that is distinct from that observed in 

these previous studies, also possibly from the septo-hippocampal basis originally 

proposed. However, there exist several alternative explanations that could account for 

this unexpected effect.  

Firstly, the negative relationship between trait BIS and theta activity is 

consistent with a body of research showing enhanced resting baseline theta among 

children/adolescents and adults with Attention Deficit Hyperactivity Disorder (ADHD; 

Bresnahan et al., 1999; Bresnahan & Barry, 2002; Chabot & Serfontein, 1996; Clarke, 

Barry, McCarthy, & Selikowitz, 1998; 2001a, b,  2002a, b; Clarke, Barry, McCarthy, 

Selikowitz, & Johnstone, 2007; Lazzaro et al., 1998). Like effects seen in the current 

study, in most cases enhanced theta is observed to be maximal at frontal regions 

(Chabot & Serfontein, 1996; Clarke et al., 1998 Lazzaro et al., 1998). Alcohol-

dependent individuals also tend to exhibit a general increase in absolute and relative 

theta power (Johannesson, Berglund, & Ingvar, 1982; Michel, Lehmann, Henggeler, & 

Brandeis, 1992; Rangaswamy et al., 2003). 

However, whether the relationship between trait BIS and induced theta to 

novelty observed here, and resting baseline theta abnormalities among clinically 

disinhibited groups, reflect the same underlying processes, is questionable. Firstly, EEG 

characteristics observed among individuals with ADHD or alcohol dependence are not 

isolated to the theta band (Barry, 2003; Rangaswamy et al., 2003). For instance, 
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increased delta (1-4 Hz) and reduced alpha (8-12 Hz) and beta (12-25 Hz) power are 

often observed in individuals with ADHD (see Barry, 2003 for a review). The fact that 

enhanced resting theta activity occurs in the context of more global EEG abnormalities 

suggests a common, broad neural basis such as cortical hypoarousal (Satterfield & 

Cantwell, 1974) or altered cholinergic functioning (Rangaswamy et al., 2003).   

Secondly, findings from the laboratory of Klimesch and colleagues (see 

Klimesch, 1999; Klimesch, Sauseng, Hanslmayr, Gruber, & Freunberger, 2007 for 

reviews) show that levels of pre-stimulus theta correlate negatively with post-stimulus 

theta. As such, groups exhibiting higher pre-stimulus/baseline theta (i.e., individuals 

with ADHD or alcohol dependence) would be expected to exhibit lower post-stimulus 

theta, which is the opposite effect to that observed here in relation to trait BIS scores. 

That is, lower trait BIS (characteristic of individuals with ADHD or alcohol 

dependence) was associated with higher induced (post-stimulus) theta.

As mentioned in Chapter 6, only two studies to date have investigated the neural 

basis of scalp-recorded frontal theta oscillations generated during goal-conflict (Cohen 

et al., 2008; Gallinat et al., 2006), with hippocampal and medial frontal regions being 

implicated. A larger number of studies have sought to identify the source of frontal 

midline theta elicited during tasks that do not involve explicit conflict, such as working 

memory or vigilance tasks.  Most of these studies have identified sources within 

anterior cingulate and surrounding medial prefrontal regions (see Mitchell, 

McNaughton, Flanagan, & Kirk, 2008 for a review). In humans, these regions are 

known to be involved in action-monitoring and decision-making under conflict (e.g., 

Gehring & Fenscik, 2001;Gehring & Knight, 2000;  van Veen & Carter, 2002; 2006), 

functions, which as discussed in Chapters 3 and 4, are conceptually similar to those 

described for the BIS. If these regions do underlie scalp-recorded frontal midline theta, 
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then a negative association between induced theta elicited to novel stimuli and trait BIS 

sores could imply that high trait BIS individuals in the current sample require less 

recruitment of these regions than low trait BIS individuals, potentially because other 

regions of the BIS, such as the hippocampus, are already dealing with conflict-

detection/resolution. Although this theory is speculative, it is consistent with the notion 

of reciprocal inhibition described for the FFFS, whereby regions that are currently 

dealing with a threatening situation/stimulus inhibit higher and lower levels of the 

neuroanatomical hierarchy that would otherwise generate competing responses to the 

same stimulus/situation (Gray & McNaughton, 2000). Consistent with an extension of 

this view to the BIS, Bunge et al. (2003) found that increases in activity in the anterior 

cingulate cortex during recollection of weakly-encoded visual pairs (theoretically 

thought to reflect higher response conflict) was accompanied by less activity in 

hippocampal regions. 

If we view the BIS as a system composed of different levels (e.g., anterior 

cingulate/medial prefrontal and hippocampal regions) which function independently in a 

reciprocal-inhibitory fashion, we must also consider, as McNaughton and Corr (2004) 

do with respect to psychopathology, that individual differences in trait BIS may arise 

from each of these independent components. As such, where individual differences in 

trait BIS are primarily mediated by anterior-cingulate/medial prefrontal regions, a 

positive relationship between trait BIS measures and scalp-recorded theta activity to 

conflict may be expected. In contrast, where individual differences in trait BIS are 

primarily mediated by hippocampal regions, a negative relationship between trait BIS 

and scalp-recorded theta activity to conflict may be expected.  This explanation, whilst 

speculative may also underlie the gender differences discussed previously, with 

individual differences in trait BIS related more to anterior-cingluate/medial prefrontal 
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regions in males and to hippocampal regions in females. Future studies utilising source 

localisation techniques could investigate the extent to which individual differences in 

trait BIS relate to medial prefrontal/anterior cingulate and hippocampal activity 

underlying induced theta responses to novelty and goal-conflict more generally.

An alternative explanation of the negative relationship between trait BIS 

measures and induced theta in the current study can be derived from the effect of 

anxiolytics on theta activity within the septo-hippocampal system. Although anxiolytics 

produce a reduction in BIS sensitivity, their effects on theta are related to frequency, not 

amplitude (Gray & McNaughton, 2000). One of the primary effects of anxiolytics is to 

reduce the overall frequency of septo-hippocampal elicited theta (Gray & McNaughton, 

2000). If anxiolytic effects are considered a homologue of trait BIS sensitivity (as 

suggested by McNaughton & Corr, 2004), then lower trait BIS should be associated 

with lower frequency theta activity. Importantly, frequency and amplitude in the EEG 

are known to exhibit an inverse relationship, such that lower frequency activity is 

generally of a higher amplitude (Lopes da Silva et al., 1976; Pfurtscheller & Lopes da 

Silva, 1999).  For instance, recently Koch, Koendgen, Bourayou, Steinbrink, and Obrig 

(2008) observed a strong negative correlation between individual alpha frequency and 

amplitude at rest. Accordingly, lower trait BIS scorers may exhibit higher amplitude 

theta as a function of lower frequency theta activity. This idea could be easily tested 

within future research by examining the relationship between trait BIS scores and 

individual differences in both frequency and amplitude of theta elicited to novelty.

Overall, despite the unanticipated complexity of the current findings, the 

primary aim of study 2, which was to demonstrate a distinction between trait BIS and 

FFFS measures at a neurophysiological level that is consistent with their factor loadings 

in study 1, and more generally with evidence presented in chapter 5, was achieved. The 
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findings of study 2 also raise various directions for future research. Firstly, in 

conjunction with previous studies (e.g., Justus et al., 2001), the current findings point to 

a gender difference in the neurophysiological/neuroanatomical basis of trait individual 

differences in the BIS. It was speculated that individual differences in trait BIS among 

males may be primarily related to anterior cingulate/medial prefrontal levels of the BIS, 

and among females, to hippocampal levels of the BIS. This view was derived from the 

finding that in humans, frontal scalp-recorded theta is primarily linked to anterior-

cingulate/medial prefrontal regions which are in turn known to mediate BIS-related 

processes such as action monitoring and decision making under conflict. It was 

suggested that if frontal scalp-recorded theta reflects activity in the anterior-

cingulate/medial prefrontal, then where trait BIS is primarily mediated by anterior-

cingulate/medial prefrontal, a positive relationship with with frontal scalp-recorded 

theta would be expected, and where trait BIS is primarily mediated by hippocampal 

regions, a negative relationship with frontal scalp-recorded theta would be expected. 

The explanation presented here for both the negative relationship between theta 

and trait BIS as well as the gender difference which appears to exist in the 

neurophysiological /neuroanatomical basis of trait BIS is highly speculative and is 

based largely on post-hoc exploratory analyses. Thus the current findings require 

replication with an a priori design, followed by extensive future investigation utilising 

source localisation and event-related functional neuroimaging techniques. Moreover, the 

explanation offered above implies that higher cortical areas, such as anterior-

cingulate/medial prefrontal regions, may play a more central role in BIS mediated 

behaviour in humans than originally proposed by Gray and McNaughton (2000), in 

some cases perhaps over-riding septo-hippocampal involvement.

The current findings also suggest that components of the P300 that are 
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independent of theta activity are also linked to trait individual differences in the BIS. 

Power increases and phase-locking in the delta frequency range were suggested as a 

likely candidate. As delta oscillations were not examined in the current study, this 

explanation requires attention within future research.  

Several limitations of the current study should be noted.  Firstly, the heavy 

reliance on exploratory post-hoc findings in deriving conclusions and directions for 

future research is a major limitation of the current study. As noted previously, the 

findings thus needed to be replicated before any of the hypotheses derived from these 

post-hoc findings are addressed. Secondly, as in Study 1, the use of an all female sample 

limits our ability to examine gender differences and to generalise any of the above 

findings to males. Thirdly, although the novelty P300 is linked to activity in 

hippocampal and frontal regions, it is possible that stronger effects are obscured by 

habituation in these critical regions to the oddball stimuli. For instance, Marinkovic et 

al. (2001) found that ethanol produced a reduction in novelty P300 amplitude only on 

those trials which were accompanied by a skin conductance response. This fits with 

evidence that hippocampal responses to novel stimuli appear to habituate over repeated 

presentations (Strange & Dolan, 2001). As BIS activation elicits arousal which could be 

reflected in a skin conductance response to novel stimuli, future studies which limit 

analyses to those trials accompanied by a skin conductance (arousal) response may 

observe stronger effects. 

Finally, due to practical limitations associated with testing a large number of 

participants  in a limited amount of time, laboratory sessions were conducted between 

8am to 8pm. Background EEG activity,  including theta activity localised to the anterior 

cingulate and medial frontal regions, has been found to vary significantly throughout the 

course of a day (e.g., Toth, Kiss, Kosztolanyi, & Kondakor, 2007). Again, such variation 
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could create variance in P300 and theta measures which are unrelated to, and thus 

obscure individual differences related to trait BIS. 

9.5 Conclusions

Although the preceding discussion focused primarily on the unexpected negative 

relationships observed between trait BIS and evoked and induced theta to novel stimuli, 

it should be reiterated that the primary aim of the current study was to test, at a 

neurophysiological level, the distinction observed between trait BIS (Harm Avoidance, 

Control) and trait FFFS (Stress Reaction, STAI-T and SP) measures in Study 1. This 

was accomplished by demonstrating that trait BIS measures but not trait FFFS measures 

were associated with individual differences in proposed neurophysiological markers of 

BIS activity; namely, P300 and theta amplitude to novelty. Consequently, the current 

findings provide further support for the discriminant validity of Harm Avoidance and 

Control as measures of trait BIS.3 

The strongest effect observed in the current study was a negative relationship 

between induced theta to novel stimuli and trait BIS measures. The presence of this 

relationship raised several questions for future research. Firstly, does induced frontal 

scalp-recorded theta primarily reflect activity in anterior cingulate/medial prefrontal 

regions? Secondly, is anterior cingulate/medial prefrontal involvement in conflict 

detection/resolution inversely related to septo-hippocampal involvement in these 

3 The unexpected negative relationship between trait BIS and induced theta activity could be 
considered, at first glance, as evidence against the validity of Harm Avoidance/Control as indices of 
trait BIS. However, it should be stressed that the primary aim of Study 2 was to test the distinction 
observed between trait BIS and FFFS measures in Study 1 by examining the extent to which they 
differentially predict individual differences in proposed neurophysiological indices of the BIS. Despite 
the unexpected direction of the relationship between trait BIS and theta activity, this distinction was in 
fact achieved. Furthermore, the findings of Study 2 build on a much larger body of literature reviewed 
in Chapter 5 which support the validity the Harm Avoidance and Control as measures of trait BIS. As 
well, numerous previous studies have demonstrated a relationship between Constraint and Rash 
Impulsiveness measures and P300 and theta amplitude to target/novel stimuli (see table 6.1). 
Consequently, it is argued that the unexpected direction of the current findings is far more reasonably 
interpreted as a reflection of gender differences in the neurophysiological basis of individual 
differences in BIS sensitivity, than evidence against the validity of these measures as indices of trait 
BIS.
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processes? Furthermore, is trait BIS primarily mediated by anterior-cingulate/medial-

prefrontal regions in some people and by septo-hippocampal regions in others? 

Alternatively, are trait individual differences in the BIS related to theta frequency, and 

not amplitude, such that higher trait BIS relates to higher frequency theta, hence 

reduced amplitude theta due to the inverse relationship between frequency and 

amplitude?  

In sum, the current study supports the construct and discriminant validity of 

Harm Avoidance and Control as trait measures of BIS sensitivity. It is also the first 

study to draw direct attention to the overlap between novelty P300 and the 

neuroanatomy, neurophysiology, pharmacology and behavioural aspects of Gray's BIS. 

One of the barriers to the application of Gray's revised RST within a human 

experimental setting has been the lack of valid measures of the BIS and FFFS in their 

revised form. The current study thus represents a significant step towards to resolving 

this issue. Finally, although the primary aim of the current study was met; that is, 

support for the construct and discriminant validity of the proposed trait BIS measures, 

the unexpected complexity of the relationship between trait BIS measures, P300 and 

evoked and induced theta to novel stimuli raises several questions and topics for future 

investigation.
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 CHAPTER 10

Study 3

10.1 Introduction

In the early 1980s, Davidson (1984) formalised a series of clinical 

neuropsychological and psychophysiological observations into a biological theory of 

emotion (viz., the AAE model) which attributes distinct roles to the left and right 

prefrontal cortices.  The AAE model proposes that the right prefrontal cortex mediates 

affective processes and behaviour associated with withdrawal, whilst the left prefrontal 

cortex mediates affective processes and behaviours associated with approach. The 

model has received extensive empirical attention to date, much of which was critically 

reviewed in Chapters 2 and 3 of this thesis. Although interest in and influence of the 

model has endured for almost three decades, a review of the empirical data reveals very 

mixed support. This is more evident in relation to the withdrawal system account of 

right prefrontal activity.  Much of the inconsistency between previous studies might 

have resulted from variance in methodological factors such as reference schemes, 

baseline lengths or participant factors such as gender and handedness or comorbidity in 

clinical samples. Conceptual factors might also have contributed to past inconsistency. 

For instance, the extent to which studies employ measures of motivational direction 

versus emotional valence appears to be a critical factor underlying the reliability of 

observed effects. Mixed support for the withdrawal system model of right prefrontal 

activity was also considered within the context of revisions to Gray's BIS and FFFS 

(Gray & McNaughton, 2000). 

At a behavioural level, the BIS and FFFS are distinguished on the basis of 

defensive direction. The BIS mediates approach to threat whilst the FFFS mediates 

avoidance/withdrawal from threat. Currently, the AAE model does not distinguish 
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between BIS mediated responses to threat (behavioural inhibition/rumination/risk 

assessment) and those responses mediated by the FFFS (avoidance/escape from 

threat/panic). As illustrated in Table 5-1, Davidson (1984; 1998; 2002; 2004) attributes 

both FFFS (e.g., avoidance of threat) and BIS mediated functions (e.g., behavioural 

inhibition) to the one, withdrawal system. However, if, as convincingly demonstrated by 

the work of Harmon-Jones and colleagues (e.g., Harmon-Jones et al., 2002; 2006), 

anterior asymmetry does indeed reflect motivational direction, then the distinction 

drawn between BIS and FFFS is of clear conceptual relevance to tests of this model. Of 

the two systems, it is activity in the FFFS which would be expected to give rise to right 

frontal activity. The BIS, on the other hand, is aligned with orbitofrontal/ventromedial 

regions. This position is based both on Gray's own observations of functional parallels 

between orbitofrontal/ventromedial prefrontal regions and the septo-hippocampal 

system (Gray, 1970; Gray & McNaughton, 2000), as well as findings emerging from the 

burgeoning research literature dedicated to explicating the functional role of human 

orbitofrontal/ventromedial prefrontal regions (e.g., Bechara et al., 1997; 2000a,b; 2002; 

2004;Fellows & Farah, 2003; Gottfried & Dolan, 2004; Hornak et al., 2004; Kalisch et 

al., 2006;  Kringelbach & Rolls, 2003; Milad & Quirk, 2002; Milad et al., 2005; 2008; 

Morgan & LeDoux, 1995; Phelps et al., 2004; Tremblay & Schultz, 1999).

The focus of the two preceding studies has been identification and validation of 

putative self-report measures of trait BIS and FFFS. The current study builds on these 

findings to test a revised conceptualisation of the approach-withdrawal model of 

anterior asymmetry based on Gray's distinction between the BIS and FFFS. This model 

will be tested by examining the extent to which self-report indices of trait FFFS (in 

contrast with those of trait BIS) are associated with right frontal activity. It was also of 

interest to further test this model by examining the extent to which self-report indices of 
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trait FFFS and right frontal activity predict responses on a third measure (e.g., a 

behavioural measure) which should be theoretically associated with trait FFFS and, 

importantly, distinguishable from trait BIS. 

One of the problems in distinguishing between BIS and FFFS is that activity in 

each system produces similar outputs (e.g., arousal, vigilance to threat) and trait level 

sensitivity/reactivity in each system often results in the same effect on observable 

behaviour (e.g., propensity to inhibit approach to reward in the presence of 

punishment). As discussed at length in Chapter 5, it is also difficult to induce activity in 

one system without inadvertently activating the other system. McNaughton and Corr 

(2004) suggest that this may be overcome by subtly challenging particular nodes of each 

system (e.g., spatial memory tests of hippocampal functioning) without inducing 

anxiety/fear per se. In Chapter 5 it was argued that an alternative way of addressing this 

issue is to employ a manipulation (viz., fear extinction/retention) where activity in both 

systems would be expected, but where individual differences in BIS and FFFS 

sensitivity/reactivity should, theoretically, be associated with distinct (indeed opposite) 

response patterns. In the current study, extinction learning and retention, within a 

classical aversive conditioning paradigm, were be employed for this purpose. 

As outlined in Chapter 5, extinction involves the process of learning a new 

CS+/noUCS association which competes with the acquired CS+/UCS association and 

ultimately inhibits the expression of the conditioned response. This constitutes a form of 

goal conflict (recalling that goals are a conflation of stimulus, CS, and response, 

expression or inhibition of the conditioned response; Gray & McNaughton, 2000) which 

would be expected to elicit BIS activation. Theoretically then, higher levels of trait BIS 

should result in enhanced detection of conflict between the old CS+/UCS and new 

CS+/noUCS association and, consequently, faster extinction and greater extinction 
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retention.  In contrast, higher levels of trait FFFS should result in enhanced sensitivity 

to the CS+/UCS association relative to the CS+/noUCS association, and consequently 

result in slower extinction and less extinction retention. 

Extinction learning and retention are not only linked to the BIS at a theoretical 

level, but also at the level of neural substrates. In humans, extinction learning has been 

linked to activity in the ventromedial prefrontal cortex (Gottfried & Dolan, 2004; 

Kalisch et al., 2006; Milad & Quirk, 2002; Milad et al., 2005, 2008; Morgan & LeDoux, 

1995; Phelps et al.,  2004). Extinction retention in humans has been associated with 

activity in a ventromedial prefrontal and hippocampal network (Kalisch et al., 2006; 

Milad et al., 2008). The role of hippocampal regions in extinction retention has also 

been well-documented at an animal level (e.g., Anagnostaras et al., 2001; Corcoran & 

Maren, 2001; Ji & Maren, 2005).  As described previously, both ventromedial and 

hippocampal regions are considered part of the neural basis for the BIS. 

In the current study, extinction learning and retention were examined within a 

differential aversive conditioning paradigm with a partial reinforcement schedule. 

Stimuli were the same as those employed by Rauch et al. (2005) and Milad et al. (2005; 

2008). As in previous studies (e.g., Kalisch et al., 2006; Milad et al., 2008; Rauch et al., 

2005; Phelps et al., 2004), acquisition and extinction were conducted in one session and 

the test of extinction retention was conducted 24 hours later. The purpose of employing 

a partial reinforcement schedule was to extend the extinction phase and enhance the 

degree of individual variability in rate of extinction learning (e.g., Phelps et al., 2004). 

Unlike Rauch et al. (2005) and Milad et al. (2008), acquisition, extinction and the test of 

extinction retention were all conducted in the same context. 

Although a large proportion of studies reviewed in Chapters 2 and 3 examined 

individual differences in baseline anterior asymmetry, it was found that more robust and 
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theory consistent findings emerge when studies examine individual differences in 

left/right frontal activity based on reactivity to stimuli/circumstances designed elicit 

approach or withdrawal system activity (e.g.,Crost et al., 2008; Harmon-Jones et al., 

2002; 2006; Miller & Tomarken, 2001). Harmon-Jones et al. (2002; 2006) have also 

demonstrated that, within the same sample, individual differences in approach system 

sensitivity are detectable in the reactivity of left frontal activity when they are not 

present at baseline. On this basis, individual differences in right frontal activity within 

the current study were quantified in terms of reactivity to the CS+ during the acquisition 

phase of an aversive conditioning task.  A CS+ which predicts an aversive outcome 

should result in FFFS activation.  Accordingly, presentation of the CS+ during 

acquisition should result in right frontal activation and the degree of right frontal 

activation can be taken as an index of individual differences in trait FFFS 

sensitivity/reactivity. 

Based on the revised conceptualisation of anterior asymmetry presented here, 

several hypotheses were derived. Firstly, it was expected that the presentation of the 

CS+ during acquisition would result in an increase in right frontal activity relative to its 

preceding context across all individuals. It was further expected that the degree of right 

frontal activity elicited to the CS+ during acquisition would be greatest for individuals 

scoring high on a self-report measure of trait FFFS but will be unrelated to individual 

differences on a self-report measure of trait BIS. It was also expected that higher scores 

on the self-report measure of trait BIS will be associated with faster extinction learning 

on day 1 and greater extinction retention (less renewal of the conditioned response) on 

day 2. In contrast, higher scores on the self-report measure of trait FFFS, as well as 

greater right frontal activity to the CS+ during acquisition are expected to predict slower 

extinction on day 1 and less extinction retention (greater renewal of the conditioned 
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response) on day 2. Finally, it was expected that the relationship between trait FFFS and 

extinction learning and recall would be mediated by right frontal activity to the CS+ 

during acquisition. 

10.2 Method

10.2.1 Participants 

Participants in the study were 95 right-handed females with a mean age of 21.67 

years (SD = 4.35 years). Procedures for recruiting participants were the same as those 

described in Study 1. All participants were free from neurological disorders including 

stroke, tumour, epilepsy and encephalitis and had not been unconscious after an injury. 

10.2.2 Materials and Apparatus

10.2.2.1 Questionnaires. Participants completed the SPSRQ (Torrubia et al., 

2001), the Harm Avoidance, Control and Stress Reaction scales from the MPQ 

(Tellegen, 1982), the STAI-T (Spielberger et al.,1983), the I7 (Eysenck et al., 1993) and 

the BIS/BAS (Carver & White, 1994) scales. Data from the I7 and BIS/BAS scales were 

not examined in the current study. Unlike the Harm Avoidance and Control scales, 

Study 2 found no relationship between I7 and novelty P300 or theta amplitude. The 

results of Study 2 thus failed to support the construct validity of I7 as an index of trait 

BIS sensitivity. Accordingly, only Harm Avoidance and Control were included in the 

current study as self-report indices of trait BIS sensitivity. The CW-BIS/BAS scales 

were not included in the current study as the first 14 individuals to attend the laboratory 

session did not have valid CW-BIS/BAS data. All questionnaires were administered via 

the online procedure described in Study 1. Descriptions, item examples and 

psychometric properties of each self-report measure are outlined in Chapter 8, section 

8.2.2.

10.2.2.2. Stimuli and presentation apparatus. All stimuli were presented on a HP 
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Compaq Pentium computer with custom-written, Python-based stimulus presentation 

software. The context-only, CS+ and CS- stimuli were the same as those employed by 

Milad et al. (2005). As seen in Figure 10-1 each stimulus displayed a digital photograph 

of an office space featuring a lamp shade which changed colour according to the 

stimulus type. The office space formed the context and the different colours of the lamp 

shade constituted the CS+ (red lampshade), CS- (blue lampshade) and context alone (no 

colour, lamp shade inverted). The images were presented full screen (32cm by 24cm) on 

a Samtron CRT monitor. A fixation cross was located in the centre of the image at eye-

level with the participant who was seated at a distance of 90cm from the monitor. 

The UCS was a modified recording of a metal rake being dragged across tiles, 

presented for 5000ms at 92dB. Neumann and Waters (2006) found that the self-reported 

aversiveness of a similar unpleasant auditory stimulus was equivalent to that of a 

standard 500ms electrocutaneous shock applied to the forearm. They also successfully 

conditioned skin conductance and startle eyeblink responses to the auditory stimulus 

paired with neutral geometric shapes. The rate of conditioning and extinction was 

comparable to that produced by an electrocutaneous shock (Neumann & Waters, 2006). 

A 103dB burst of white noise was also presented for the purpose of eliciting a startle 

blink reflex. The burst of white noise was 50ms with zero rise-time. Both auditory 

stimuli were presented through a pair of Sony MDR XD100 stereo headphones.

Expectancy ratings were obtained during each trial with a scale which appeared at the 

bottom of the screen superimposed on the CS+ or CS- image. Participants were to 

indicate the degree to which they expected to hear, or not hear, the aversive sound by 

moving a marker up or down the scale. As illustrated in Figure 10-2, the far right of the 

scale displayed the word “Danger” and the far left, the word “Safety”. Movement 

towards danger reflected expectancy that the sound would occur, whilst movement 
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towards safety indicated that the participant expected the sound not to occur. The 

word “Uncertain” was positioned centrally and the marker always started at this point. 

Expectancy ratings were measured on a scale of +100 (Danger) to -100 (Safety) and the 

marker moved at increments of six along this scale.

10.2.2.3 EEG recording apparatus. Scalp EEG was recorded from 32 

silver/silver-chloride (Ag/AgCl) sintered electrodes embedded in a lycra stretch Quick-

Cap (Neurosoft Inc., Sterling, Virginia). All electrodes were referenced to the left 

mastoid online, though data were simultaneously recorded from the right mastoid for re-

referencing to a computer averaged mastoids reference, offline. Electrode locations 

corresponded to the International 10-20 system (see Figure 2-1). Nineteen scalp 

locations were recorded including Fp1, Fp2, F3, F4, F7, F8, Fz, FT7, FT8, FC3, FC4, 

C3, C4, Cz, CP3, CP4, T7, T8, TP7, TP8, P3, P4, P7, P8, Pz, O1, O2, Oz. The ground 

electrode was located on the vertex, anterior to Fz. Vertical and horizontal eye 

movements were also recorded by measuring electrooculogram (EOG) activity with 

bipolar Ag/AgCl drop electrodes attached to the supra-orbital ridge above the left eye, 

the obicularis oculi muscle below the left eye, and adjacent to the outer canthus of both 

the left and right eye. The vertical EOG electrode placements were employed to control 

for vertical eye-movement related artifacts in the EEG recording as well as to measure

Figure 10-1. Stimulus images presented during the conditioning task. No colour, 

inverted lampshade = context-only,  red lamp shade = CS+ and blue lamp shade = CS-.
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 acoustic startle EOG response. Although less common than the traditional measurement 

of startle responses via obicularis oculi EMG activity, the vertical EOG has been found 

to provide an equally sensitive index of startle reflex responses (Blumenthal et al., 2005; 

Gehricke, Ornitz & Sidarth, 2002; Putman & Roth, 1990). 

EEG and EOG were recorded continuously throughout the conditioning task on 

day 1. On day 2, vertical EOG alone was recorded. EEG measures were not taken 

during the day 2 extinction recall session as the number of trials was deemed 

insufficient for deriving a reliable index of right frontal activity  (Coan & Allen, 2004). 

During this session the ground electrode was placed centrally on the forehead, as close 

as possible to the hairline. Data was amplified with a 32-channel SynAmps2 Model 

5083 amplifier (input impedance: 10 MV; Neuroscan Inc) in AC mode, with a digital 

band-pass set at 0–100Hz and digitised at a sampling rate of 1000Hz. Digitised data was 

saved directly to the hard drive of a Pentium III computer. Participants were seated in a 

comfortable arm chair located in a sound attenuated room surrounded by a Faraday 

cage. The experimenter and the presentation and data acquisition computers were 

located in an adjacent room where the experimenter could monitor the participants EEG 

and EOG data through the Neuroscan 4.3 Acquire software. An intercom enabled 

participants to communicate with the experimenter. A small camera positioned directly 

above the participant's computer screen allowed the experimenter to monitor the 

participant from the adjacent room.

Figure 10-2. Slider displayed to participants during CS+ and CS- presentation to indicate 

their expectancy of the UCS presentation. 
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10.2.3 Procedure. 

 Before attending the laboratory session, all participants completed a set of online 

questionnaires. This procedure and the online consent process were described in Section 

8.2.3. On attending the laboratory session participants firstly provided written informed 

consent. The electrode cap and drop electrodes were then attached. Participants were 

then led into an adjacent room and seated in an armchair where impedences were 

checked. Prior to administration of the aversive conditioning task, participants 

completed a visual oddball task (described in Chapter 9) and an 8 min resting baseline 

period (data not reported here). They were given a 5-10 min break after the 8 min 

resting baseline period during which time each participant was provided with juice and 

a biscuit and allowed to stand up and walk around. After the break participants were 

once again seated in the arm chair and impedences were re-checked. The aversive 

conditioning task was then verbally described to the participant with a standardised set 

of instructions (see Appendix C). 

Prior to task commencement participants undertook a supervised practice session 

designed to ensure that they understood how to use the expectancy rating scale. A copy 

of the instructions presented to the participants during this practice session are provided 

in Appendix D. In brief, the practice session involved the verbal presentation of six 

example scenarios describing a degree of expectancy that the sound would or would not 

occur. Participants were asked to indicate with the scale where they would place the 

marker in each case. 

After the practice session, the experimenter reminded the participant that they 

should try to minimise blinking and head and body movements throughout the 

procedure. To reduce the occurrence of saccadic eye movements participants were also 

told to keep their eyes on the fixation cross located at the centre of the image during 
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stimulus presentations. The experimenter then left the room. The startle habituation 

phase commenced after a 30 s rest period. A summary of the trial structure on day 1 and 

2 is presented in Figure 10-3. Six startle probes were presented with a 5 s inter-stimulus 

interval between each presentation. The startle habituation phase was followed by the 

CS habituation phase which involved the presentation of four CS+ and four CS- stimuli, 

presented in an alternating order with the CS+ always presented first. The stimuli were 

presented for 4 s each, interspersed by 10 s inter-stimulus intervals. Once the CS 

habituation phase was completed participants received on-screen instructions to press a 

key when they were ready to continue with the task. During the acquisition phase 

participants were presented with 22 CS+ and 18 CS- trials. Sixteen CS+ trials were 

paired with a UCS. During extinction, participants received 20 CS+ and 19 CS- trials. 

No UCS stimuli were presented during extinction. Extinction recall was conducted 24 

hours after the initial laboratory session. After setting up vertical EOG and ground 

electrodes, participants were again returned to the sound attenuated room where they 

completed the conditioning task on day 1. After a startle habituation phase, five CS+ 

and five CS- trials were presented in a pseudo-random order. 

 As displayed in Figure 10-4, the length of trials varied depending on whether a 

startle probe was presented during the context-only or early CS+/CS- presentation and 

whether a UCS was presented on the late CS+ presentation. The startle probes were 

presented on 38 of the 80 context-only presentations, 23 of the 43 CS+ presentations 

and 22 of the 37 CS- presentations. Context-only presentations without a startle probe 

were 4 s in duration, whilst those presented with a startle probe lasted 8 s, with the 

startle probe presented after 2 s. On CS+ and CS- presentations the startle probe 

occurred after the first 4 s of stimulus presentation during a 1 s lag prior to the
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appearance of the expectancy rating scale. Thus the early phase of the CS+/- 

presentation on trials where no startle probe was presented lasted 4 s, and 5 s, on trials 

when the startle probe was presented. On CS+ trials which were not paired with a UCS, 

the late phase of the CS+ presentation lasted 4 s. On CS+ trials paired with a UCS, the 

UCS was presented after 4 s, when the CS+ would otherwise terminate. However, on 

these trials, the CS+ presentation was extended for 5 s, for the entire duration of the 

UCS presentation. The inter-trial interval varied between 10 and 13 s. The current study 

was approved by a Griffith University Human Research Ethics Committee (reference 

number: PSY/18/07/HREC).

10.2.4 Data processing and quantification.

10.2.4.1 Trait BIS and FFFS. Scores on the STAI-T, SP and Stress Reaction 

scales were standardised and summed to create a composite trait FFFS score. Similarly, 

HA and Control scores were standardised and summed to create a composite trait BIS 

score. 

10.2.4.2 Expectancy Ratings. Expectancy ratings were available for 95 

participants. Of these, four individuals failed to discriminate between the CS+ and CS- 

on the basis of expected outcome (i.e., their expectancy ratings showed no awareness of 

the reinforcement schedule) and were thus excluded from further analysis. A further five 

individuals fell asleep at different points throughout the task so could not provide 

Figure 10-3. Order of trial presentation for the habituation, acquisition and extinction 

phases on day 1 and and the habituation and extinction recall phases on day 2. 



344

valid data.

During acquisition, all individuals reached asymptotic learning by the fifth CS+ 

presentation. Analysis of expectancy ratings during acquisition was thus restricted to the 

first five trials. For extinction, expectancy ratings continued to decline up to the 19th 

CS+ presentation. This was expected due to the use of a differential conditioning 

paradigm. Expectancy ratings for the extinction phase were thus averaged across blocks 

of three trials. As there were fewer CS- trials, this resulted in 6 blocks of three CS+ and 

CS- trials for extinction. 

 Three participants did not return for day 2 of testing so did not provide data for 

extinction retention. For the remaining participants, expectancy ratings on the five CS+ 

and CS- extinction retention trials were averaged across the first and second (early 

block) and third and fourth trials (late block) to create early and late extinction retention 

Figure 10-4. Example CS+ trial type with various stimulus presentation lengths 

indicated. The length of the context-only presentation and early CS+ presentation vary 

according to whether a startle probe is presented. The late CS+ presentation varies 

according to whether the 5 s UCS is presented. Although the different phases of the 

CS+ presentation are presented separately here it should be kept in mind that the the 

trial was viewed as a continuous display, with the background CS+ image remaining 

constant throughout.  
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blocks. 

10.2.4.3 Startle magnitude. Startle magnitude was scored as peak positive 

amplitude between 20 and 200 ms post-stimulus onset relative to the average activity 

during the 200 ms pre-stimulus baseline (Gehricke et al., 2002; Putman & Roth, 1990; 

Neumann & Waters, 2006). An automatic peak detection tool was employed to detect 

peak amplitude, and startles were then visually scored for artifacts during the 200 ms 

prestimulus baseline and the 500 ms period post-stimulus onset. Any noise, spontaneous 

blinks or movement artifact occuring during the 200 ms pre-stimulus baseline resulted 

in trial rejection. Trials were also rejected if blink onset occurred prior to 20 ms post-

stimulus onset or if movement artifact or excessive noise was apparent during the 

500ms post-stimulus period. Startle magnitude values were converted to T score units 

by standardising raw values across trials within each participant (Bradley et al., 2001; 

Levenston et al., 2000) as follows: z score value=(raw magnitude value −Mall raw 

values)/SDall raw values; T score value=(z score value × 10)+50. This resulted in 

standardised blink magnitude scores with a mean of 50 and a SD of 10 for each 

participant. 

Fourteen participants were excluded from further analysis because they either 

had greater than 50 % of their trials rejected due to artifact, or they did not exhibit any 

discernible startle response (Lipp, Sheriden, & Siddle, 1994). The average number of 

missing trials for the remaining participants was 19 %. Analyses were restricted to the 

45 startle probes presented on CS+ or CS- presentations. This yielded 12 CS+ and 12 

CS- startles during acquisition and 11 CS+ and 10 CS- startles during extinction. Startle 

magnitude was thus averaged across blocks of three trials for both acquisition and 

extinction phases, resulting in four blocks of acquisition trials and three blocks of 

extinction trials. The first block of acquisition was discarded as it primarily reflected 
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generalised habituation of the startle response (see Figure 10-8). Acquisition was thus 

examined from blocks 2 to 4. 

10.2.4.4 EEG alpha. The continuous EEG data were first submitted to a 

regression based blink-correction procedure (Semlitsch et al., 1986). The current study 

focused on activity during the last 4 s of the context-only presentation for each trial and 

the first 4 s of each CS+ and CS- presentation during acquisition. To maximise the 

sensitivity of alpha measures to FFFS activation, analysis was restricted to acquisition 

trials after the individual had demonstrated discriminative learning between the CS+ 

and CS-.  The criterion for discriminative learning was a difference of at least 100 

points (in the correct direction) between consecutive CS+ and CS- trials.  For most 

participants this criterion was met by the third CS+ trial. Data from the first three CS+ 

and the first three CS- trials of extinction were also included as participants still highly 

expected a UCS presentation on these CS+ trials.

For each 4 s stimulus presentation, epochs of 1.024 s in duration were first 

extracted. Consecutive epochs were overlapped by 75 %, resulting in 12 overlapping 

epochs of 1.024 s for each stimulus presentation. Additional artifacts were then removed 

through an automated artifact rejection procedure which rejected epochs during which 

EEG or EOG exceeded +/- 75 μV. After re-referencing to a computer-averaged mastoids 

reference (identified as the most reliable reference scheme for anterior asymmetry 

measures (Hagemann et al., 2001), artifact-free epochs were passed through a hamming 

window and submitted to a Fast Fourier Transform to obtain power spectra. Total power 

(μV2) within the lower alpha (8–10Hz) and upper alpha (10-12Hz) frequency range 

were averaged separately for CS+, CS- and context only presentations preceding the 

CS+ and CS- presentations (averaged separately depending on whether context 

preceded CS+ or CS-). All alpha power values were submitted to a natural log 
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transformation to normalise the distributions.

10.2.5 Data analysis. 

10.2.5.1 Conditioning. Before examining the relationship between trait 

FFFS/BIS and extinction learning/recall and CR renewal, the extent to which 

acquisition and extinction learning as well as extinction recall/CR renewal occurred 

within the current sample was first established with a series of planned pairwise 

comparisons and trend analyses. For acquisition and extinction of expectancies, planned 

pairwise comparisons were conducted comparing the CS+ to the CS- at block/trial 1, 3 

and 5 for acquisition and extinction. Alpha was set at p = .01 to control for inflation of 

Type 1 error with multiple comparisons. These three trials were selected to demonstrate 

learning whilst reducing the number of comparisons. A polynomial contrast was also 

conducted to test for a linear trend of increasing difference between the CS+ and CS- 

from trials 1 to 5 at acquisition and of decreasing CS+/CS- differences from blocks 1 to 

5 of extinction.

 For acquisition and extinction of startle responses, planned pairwise 

comparisons were conducted comparing the CS+ to the CS- at each block (blocks 2 – 4 

for acquisition and blocks 1 to 3 for extinction). Alpha was set at p = .01 to control for 

inflation of Type 1 error with multiple comparisons. A polynomial contrast was also 

conducted to test for a linear trend of increasing differences between the CS+ and CS- 

from blocks 2 to 4 of acquisition and of decreasing CS+/CS- differences from blocks 1 

to 3 of extinction. 

10.2.5.2 Extinction recall. Expectancy ratings to the CS- were subtracted from 

those to the CS+ during blocks 1 and 2 of day 2 extinction recall to create extinction 

recall differences scores. These were compared to the difference scores created from an 

average of the final three CS+/CS- expectancy ratings from day 1 extinction with a 
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series of planned comparisons.  Alpha was set at  p = .01 to control for inflated Type 1 

error rate. 

Although preceded by a startle habituation phase, significant habituation to both 

CS+ and CS- presentations was apparent during the recall phase on day 2. This may 

reflect continued habituation of the startle response into the recall phase or habituation 

to the CS+ and CS- stimuli on day 2. As well, given that individual differences in 

extinction recall were of primary interest in the current study, the order of CS+ and CS- 

trial presentations was not counterbalanced during recall. This was the same approach 

adopted by Rauch et al. (2006) and employed here in order to limit individual variability 

due to stimulus presentation order. The lack of counterbalancing, especially in the 

context in marked habituation, would confound any comparison of CS+ and CS- at the 

recall phase. Thus extinction recall was only examined at the group level with 

expectancy ratings. 

10.2.5.3 Trait FFFS and frontal activity during acquisition. The hypothesis that 

the CS+ would be associated with an increase in right frontal activity relative to the 

context and that the degree of this increase would be moderated by trait FFFS, was first 

tested within a five-way mixed-design ANCOVA. Analysis was restricted to alpha 

power at four frontal (F3, F7, F4, F8) electrode sites. Independent variables in the 

model included band (lower alpha, upper alpha), stimulus (CS+, context), hemisphere 

(left, right) and region (midfrontal, lateral frontal), which were varied within-subjects 

and trait FFFS (low trait FFFS, high trait FFFS), which was varied between subjects. 

Age and SR served as covariates in the model. Although hypotheses were specific to 

activity at frontal sites for the CS+, the model was also run at parietal sites (P3, P7, P4, 

P8) sites for the CS+ and at frontal sites for the CS- to confirm that effects were specific 

to frontal activity elicited to the CS+ relative to the context (e.g., Harmon-Jones et al., 
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2006). Only interaction effects involving both stimulus and hemisphere were of 

relevance to the current hypothesis, thus only these were reported and followed up. If of 

interest to the reader, main effects for each analysis can be found in Appendix E. 

Significant interactions were followed up with ANOVAs and Bonferroni corrected 

pairwise comparisons on difference scores created by subtracting the alpha power for 

the CS+ (or CS-) from their preceding context as illustrated Equation 1:

Larger difference scores reflect less alpha (more cortical activity) during the CS+ 

relative to the preceding context. Hypothesised effects were directional and thus tested 

with one-tailed significance tests. 

10.2.5.4 Trait FFFS/BIS, right frontal activity and extinction learning.  

Extinction learning was indexed both in terms of expectancy ratings and change in 

startle magnitude. For expectancy ratings, the slope to asymptotic learning (e.g., 

Zinbarg & Mohlman, 1998) was derived for each individual for the extinction phase. 

Asymptotic learning was defined as the first trial where beyond this trial the learning 

curve flattens out. Extinction learning for startle was examined by calculating the slope 

of startle magnitude from block 4 of acquisition to block 3 of extinction for each 

individual. The relationship between trait BIS and FFFS, extinction learning and right 

frontal activity was examined with a series of partial and zero order correlations. Partial 

correlations were employed to control for shared variance between trait BIS, FFFS and 

SR scores. Zero order correlations were also examined between all indices. 

10.2.5.5 Trait FFFS/BIS, right frontal activity and extinction retention. To derive 

CS+ difference score at F8 = (lnF8 alpha during context) – (lnF8 alpha during CS+) (1)
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an extinction retention index, the average expectancy rating to the CS+ across the final 

3 trials of extinction was subtracted from expectancy ratings to the CS+ during block 1 

and block 2 of day 2 extinction recall. Larger scores reflect greater CR renewal, thus 

poorer extinction recall. 

Relationships between trait BIS and FFFS, extinction recall and right frontal 

activity were explored with a series of partial and zero order correlations. Partial 

correlations were employed to control for shared variance between trait BIS, FFFS and 

SR scores. 

10.2.5.6 Right frontal activity as a mediator of the relationship between trait  

FFFS and extinction learning/recall. Figure 10-5 presents the two hypothesised 

mediation models between trait FFFS, right frontal activity and slope of extinction 

learning/extinction recall. If significant correlations between all three measures were 

detected in the preceding set of analyses, the hypothesised mediation model was then 

tested according to the steps outlined by Baron and Kenny (1986). Trait BIS and SR 

were also included as covariates in the models to confirm that effects were specific to 

trait FFFS. The paths a, b and c were tested with multiple regression in SPSS. The 

significance of the indirect mediation effect was tested with ProdClin, a program 

developed by MacKinnon, Fritz, Williams, and Lockwood (2007) that uses the 

distribution of the product of paths a and b to compute asymmetric confidence intervals 

for the mediated effect. ProdClin is an alternative to the Sobel (1982) method that 

provides a more powerful and accurate test of the mediation effect because it is based 

on an asymmetric distribution which more closely resembles the true distribution of the 

product terms.

10.3 Results

10.3.1 Data Screening: Ungrouped data
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10.3.1.1 Acquisition, extinction and extinction recall: expectancy ratings. For 13 

 

participants, the extinction session was ended early because they exhibited extinction on 

their expectancy ratings (at least four consecutive indications that no UCS was expected 

on presentation of the CS+) and were becoming markedly restless/tired. Thus, these 13 

participants did not have expectancy data for the final one to two blocks of extinction. 

However, because they had already exhibited extinction as indicated, their final four 

expectancy ratings were averaged and this value was used to replace the missing values 

for the final trials of extinction that they had missed. Due to the nature of expectancy 

ratings, most CS- blocks were significantly positively skewed whilst late CS+ 

acquisition and extinction blocks were negatively and positively skewed, respectively. 

Figure 10-5.  Hypothesised mediation models between trait FFFS, right frontal activity 

and slope of extinction learning (top figure) extinction retention (bottom figure). 
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Several univariate outliers were also detected across both CS+ and CS- trials. However, 

given that the distinct transformations required to normalise the oppositely skewed CS+ 

and CS- variables would exclude any comparison between these variables, the results 

are reported here on untransformed variables. In addition, the direction of outliers 

would only act to reduce the observed effect size, thus outliers were also kept in the 

analysis. Mauchley's Test of Sphericity revealed a violation of the assumption of 

homogeneity of covariance between levels of the block variable for extinction and 

extinction recall, and stimulus by trial cells for both acquisition and extinction data and 

extinction recall data. Results for these effects are thus reported with a Greenhouse-

Giesser correction. 

For CS+/CS- difference scores at the final 3 trials of extinction and on blocks 1 

and 2 of the day 2 extinction recall, some kurtosis (z = 4.31) was apparent for difference 

scores at the final 3 trials of extinction. No univariate outliers were apparent on 

examination of standardised scores. Again, based on the reasoning presented above, 

these scores were left untransformed.  

10.3.1.2 Acquisition, extinction: Startle magnitude. As indicated above, the 

extinction session was ended early for 13 participants. These 13 participants therefore 

did not have startle response data for the final block of extinction. Little's MCAR test 

confirmed that data from these thirteen cases was missing at random, χ2 (63) = 65.005, 

p = .407. Startle magnitude at blocks 2,3 and 4 of acquisition and blocks 1, 2 and 3 of 

extinction were checked for normality. Significant positive skewing and kurtosis were 

apparent for startle magnitude to CS+ at extinction block 2 and CS- at extinction block 

3. Examination of standardised scores revealed three univariate outliers. Removal of 

these three cases normalised the two distributions. Analyses run with and without these 

three outliers revealed no significant change in the outcome of results. Results are thus 
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reported with these three cases included. Mauchley's Tests of Sphericity confirmed that 

data met the assumption of homogeneity of covariances. 

10.3.1.3 Trait FFFS/BIS, right frontal activity and extinction learning and 

retention. The distribution of difference scores between context-only and CS+ 

presentations at all four frontal sites (F3, F7, F4, F8) met the assumption of normality. 

Trait BIS, FFFS and SR distributions also met the assumption of normality. The 

distribution of scores for the slope of extinction learning for expectancy ratings was 

significantly negatively skewed. Examination of standardised scores revealed a 

univariate outlier which, once removed, returned the distribution to normality. Analyses 

were run with and without this outlier. Inclusion of the outlier significantly altered the 

results. The outlier was thus excluded from further analysis. The distribution of scores 

for slope of extinction learning of startle magnitude also met the assumption of 

normality. Extinction recall indices for expectancy ratings at block 1 and 2 met the 

assumption of normality as well. Examination of scatter plots for relationships to be 

examined as well as covariates where relevant (i.e., trait BIS and SR for relationships 

involving trait FFFS, and trait FFFS and SR for relationships involving trait BIS) also 

confirmed the presence of linearity and homoscedascity.

10.3.2 Data Screening: Grouped data.

10.3.2.1 Trait FFFS and frontal activity during acquisition. Low and high trait 

FFFS groups were derived from a median split of trait FFFS scores. As indicated in 

Table 10-1 the two groups were indeed significantly different on trait FFFS scores. The 

two groups were also compared on trait BIS, SR and age. As illustrated in Table 10-1, 

they did not differ in trait BIS, but the low trait FFFS group was significantly younger 

and also exhibited higher SR scores than the high trait FFFS group. Age and SR were 

thus included as covariates in the mixed-design four-way ANCOVA.  
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Distributions for grouped data were re-checked for significant skewness and 

Table10-1. 

Means and standard deviations for Age, SR, trait BIS and FFFS scores for the low 

FFFS and high FFFS groups.

Low trait FFFS High trait FFFS t 

Age1 22.95 (4.88) 20.56 (3.06) 2.60*

FFFS -2.3 (1.66) 2.03 (1.62) 11.850***

BIS .06 (1.47) -.06 (1.77) -.326

SR 33.85 (3.86) 36.37 (4.60) -2.691**

1. Levenes test indicated a violation of the assumption of homogeneity of variance, thus the reported t-
value was adjusted to account for this.

*p < .05, ** p < .01, ***p <.001

kurtosis. Some positive skewness was still present at two parietal sites for the high trait 

FFFS group and one parietal site for the low trait FFFS group. An examination of 

standardised scores identified one univariate outlier at parietal sites for the low trait 

FFFS group. Removal of this outlier corrected positive skewness in the low trait FFFS 

group at this parietal site. Analyses were run with and without this outlier. Inclusion of 

this outlier case had no effect on the significance or direction of findings, thus they were 

retained in the analyses. Because positive skewing of the two parietal sites in this group 

was not severe (z = 3.95 and 3.45, relative to a 3.29 criterion; Tabachnik & Fidell, 

2007), these variables remained in the analysis, but findings associated with these sites 

were treated with caution. Age for the low trait FFFS group exhibited a bimodal 

distribution. To address this, age was recoded into a dichotomous variable based on a 

median split.  No multivariate outliers were detected according to a Mahalanobis 

distance criteria of p < .001. There was no multicollinearity apparent between the 
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covariates before age was dichotomised. Scatterplots between SR and alpha variables 

exhibited no evidence of nonlinearity. Levene's tests for equality of error variances did 

not detect any violations of the assumption of homogeneity of variance between groups 

for each cell in the model. 

10.3.3 Conditioning

Prior to examining the relationship between frontal alpha during acquisition, 

self-report measures and extinction learning/recall; it was first necessary to establish 

that the aversive conditioning manipulation had been successful. The following set of 

analyses addresses this by examining expectancy ratings and startle magnitude elicited 

to the CS+ and CS- during acquisition and extinction on day 1 and extinction recall on 

day 2. 

10.3.3.1 Expectancy ratings. Figure 10-6 displays the mean expectancy ratings 

to the CS+ and CS- over trials 1 to 18 of acquisition. Planned pairwise comparisons 

between the CS+ and CS- during acquisition revealed significant differences at trial 1, 

F(1,84) = 17.182, p <.001, η2 = .170  trial 3, F(1,84) = 438.280, p <.001, η2 = .839 and 

trial 5, F(1,84) = 618.447, p < .001, η2 = .880. A trends analysis on the stimulus by trial 

interaction revealed a significant linear trend, F(1,84) = 263.193, p <.001, η2 = .758, 

with CS+/CS–  differences increasing from trials 1 to 5. As indicated in Figure 10-6 the 

difference between CS+ and CS- at trial 1 reflected a tendency for participants to expect 

no UCS on the first CS- presentation, possibly because it always followed the first 

pairing of the CS+ and UCS. 

Figure 10-7 displays mean expectancy ratings to the CS+ and CS- over trials 1 to 

19 of extinction with blocks 1 to 5 also indicated. Planned pairwise comparisons on 

blocks 1, 3 and 5 of extinction revealed significant differences between the CS+ and

CS- at block 1, F(1,84) = 622.968, p < .001, η2 = .881, block 3, F(1,84) = 273.742, p 
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<.001, η2 = .765, and block 5, F(1, 84) = 35.129, p <.001, η2 = .295. A trends analysis 

on the stimulus by block interaction revealed a significant linear trend, F(1,84) = 

255.756, p < .001, η2 = .753, with the difference between CS+ and CS- decreasing from 

blocks 1 to 5 of extinction. Thus although the difference between CS+ and CS- declined 

over the extinction blocks, a difference was still apparent in the 5th block of extinction. 

10.3.3.2 Startle magnitude. Startle magnitude to the CS+ and CS- across the four 

blocks of acquisition (including block 1) and the three blocks of extinction are presented 

in Figure 29. For acquisition, planned pairwise comparisons between the CS+ and CS- 

revealed a significant difference at blocks 3, F(1, 69) = 7.780, p = .007, η2 = .101 and 4, 

F(1.69) = 16.957, p <.001, η2 = .197, but only approaching significance at block 2, F(1, 

69) = 5.748, p = .019, η2 = .077.  A polynomial contrast examining the increasing 

difference between the CS+ and CS- over the acquisition blocks failed to reveal a he 

significant linear trend, F(1,69) = 2.828, p = .097, η2 = .039.  

Figure 10-6.  Means expectancy ratings for 18 CS+ (black) and CS- (grey) trials 

during acquisition. Error bars represent +/- 1 SEM.
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For extinction, planned pairwise comparisons revealed a significant difference

 between CS+ and CS- at extinction block 1, F(1,65) = 21.540, p <.001, η2 = .249, and 

block 2, F(1,67) = 7.248, p = .009, η2 = .098, but not block 3, F(1,58) = 3.173, p = 080, 

η2 = .052. A polynomial contrast on the difference between CS+ and CS- across the 

three blocks of extinction again revealed a linear trend which only approached 

significance, F(1, 53) = 3.831, p = .056, η2 = .067.

10.3.4 Extinction recall.

10.3.4.1 Expectancy ratings. Figure 10-9 displays the mean expectancy ratings 

for the CS+ and CS- during extinction recall on day 2 and the final three trials of 

extinction on day 1.  Planned pairwise comparisons indicated that CS+/CS- difference 

scores were larger during block 1, F(1,79) = 221.708, p <.001, η2 = .737, and block 2, 

F(1,79) = 98.859, p<.001, η2 = .556, of extinction recall than CS+/CS- differences 

Figure 10-7. Mean expectancy ratings for 19 CS+ (black) and CS- (grey) trials during 

extinction. Error bars represent +/- 1 SEM. 
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present during the final 3 trials of extinction on day 1.

Figure 10-8.  Mean startle magnitude elicited to the CS+ (black) and CS- (grey) across 

acquisition (acq) blocks 1 to 4 and extinction (ext) blocks 1 to3. Error bars represent +/- 

1 SEM.
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Figure 10-9. Mean difference between CS+ and CS- expectancy ratings during the final 

3 trials of extinction, extinction recall block 1 and extinction recall block 2. Errors bars 

represent +/- 1 SEM.
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10.3.5 EEG alpha and trait FFFS – ANOVA

10.3.5.1 CS+ at frontal sites. As indicated, a five-way mixed design ANCOVA 

was undertaken on natural log transformed alpha power at frontal regions with stimulus 

(CS+, context), hemisphere (left, right), region (mid-frontal, lateral frontal) and band 

(lower alpha, upper alpha) varied within-subjects, trait FFFS varied between-subjects 

and age group and SR as covariates. This was conducted to examine the hypotheses that 

presentation of the CS+ during acquisition would produce a general increase in right 

(relative to left) frontal activity across the group and that those individuals high in trait 

FFFS would exhibit a greater increase in right frontal activity than those low in trait 

FFFS. 

An initial run indicated that neither age group nor SR were significant covariates 

in the model (ps >.423) and their inclusion had no effect on the significance of 

interactions involving trait FFFS. All findings for frontal regions were thus reported 

without the covariates of age group and SR.

The stimulus by hemisphere, stimulus by hemisphere by band and stimulus by 

hemisphere by region interactions were all nonsignficant, (all ps > .649). A significant 

four-way interaction did, however, emerge between band, stimulus, region and 

hemisphere, F(1,79) = 6.003, p = .016, η2 = .071. Follow-up analyses of the interaction 

between stimulus, region and hemisphere at each alpha band separately, failed to 

produce any significant interactions for either band, ps > .118. Nor did any significant 

interactions involving stimulus and hemisphere emerge when lateral and midfrontal 

sites were examined separately (ps >.082)4. These results indicate that there was no 

4 When hemispheres were analysed separately, a significant interaction between band, stimulus and region  emerged for the right 

hemisphere, F(1,80) = 8.991, p = .004.  To follow this up, Bonferroni corrected pairwise comparisons were then conducted between 

CS+/context difference scores at middle and lateral frontal sites for lower and upper alpha bands separately.  This indicated that the 
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relative increase in right frontal activity to the CS+ during acquisition. 

However, when trait FFFS was examined, a significant five-way interaction 

emerged between band, stimulus, region, hemisphere and trait FFFS, F(1,79) = 9.804, p 

= .002, η2 = .110. Follow-up analyses of the interaction between stimulus, region, 

hemisphere and trait FFFS were conducted for lower and upper alpha bands separately. 

A significant stimulus, region, hemisphere and trait FFFS interaction emerged for the 

lower alpha, F(1,79) = 4.923, p =.029, η2 = .059, but only approached significance for 

upper alpha, F(1,79) = 3.625, p = .061, η2 = .044.

The interaction between trait FFFS and stimulus was then examined separately at 

all four frontal electrodes for lower alpha. A significant trait FFFS by stimulus 

interaction emerged only at the lateral right frontal site (F8), F(1,79) = 5.348, p = .023, 

η2 = .044 (all other ps > .775). An independent groups t-test on difference scores 

indicated that the high trait FFFS group exhibited significantly greater right lateral 

frontal activity to the CS+ versus the context than the low trait FFFS group, t (79) = 

2.313, p = .012, d = .516.  This group difference is illustrated in Figure 10-10.  

Thus, overall, these results indicate that the expected increase in right frontal activity to 

the CS+ during acquisition was only apparent for individuals high on trait FFFS. 

 10.3.5.2 CS+ at parietal sites and CS- at frontal sites.  The same five-way 

mixed design ANCOVA was run at parietal sites for CS+ and at frontal sites for CS- to 

confirm that effects reported above were specific to frontal sites for CS+. Again, the 

covariates of age group and SR were not significant in either model (ps > .425) and their 

inclusion had no effect on the significance of interactions involving trait FFFS.  Results 

four-way omnibus interaction resulted from a larger increase in activity at right lateral frontal sites compared to right midfrontal 

sites for the upper alpha band, F(1,80) = 19.941, p < .001.  However, in the absence of hemispheric differences at lateral or 

midfrontal sites  (i.e., no stimulus by hemisphere interaction when alpha bands or mid/lateral frontal sites were examined separately) 

this effect does not meaningfully relate to the current hypothesis.
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are thus reported without the covariates of age group and SR.

For CS+ at parietal sites, a significant interaction between stimulus and 

hemisphere also emerged F(1,78) = 4.083, p = .047, η2 = .050. To follow-up the 

hemisphere by stimulus interaction, the effect of hemisphere on difference scores 

(context minus CS+) was examined, collapsing across region and band. There was a 

nonsignificant trend for a larger increase in activity to the CS+ at the left hemisphere for 

parietal sites, F(1,79) = 3.477, p = .066, η2 = .042. No other interactions involving 

stimulus and hemisphere were significant (ps >.244 for CS+ at parietal sites and ps > .

077 for CS- at frontal sites). In particular, it should be noted that the five-way 

interaction observed for CS+ at frontal sites did not approach significance at parietal 

sites (p =.982) or frontal sites for CS- (p = .243). In sum, these findings confirm that the 

effect of trait FFFS reported above, was specific to lateral right frontal regions for the 

Figure 10-10. Mean increase in activity at F8 (lateral right frontal site) during CS+ 

presentations relative to the preceding context for individuals high versus low on trait 

FFFS. Errors bars represent +/- 1 SEM.
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CS+.

10.3.6 Trait FFFS, BIS, right frontal activity and extinction learning

The preceding ANOVA results (section 10.2.5.1) showed that trait FFFS was 

significantly related to the degree of lateral right frontal activity elicited to the CS+ 

during acquisition. The next question to address was whether this effect was specific to 

trait FFFS, or whether it also emerged for trait BIS. In addition, it was of interest to see 

whether trait FFFS and BIS predicted opposing patterns of extinction learning (trait BIS 

faster and trait FFFS slower), and whether enhanced lateral right frontal activity to the 

CS+ during acquisition predicted slower extinction learning.

 The expectancy ratings for the CS+ and CS- during the extinction phase are 

illustrated in Figure 10-2. Ratings are presented for each individual trial. Figure 10-8 

presents the extinction phase for startle response data. The zero-order correlations 

between slope of extinction learning for both expectancy ratings and startle magnitude, 

trait BIS, trait FFFS and right frontal activity to the CS+ during acquisition are 

presented in Table 10-2. Relationships involving trait BIS and FFFS are also presented 

as partial correlations controlling for variance associated with trait BIS and SR when 

addressing trait FFFS; and trait FFFS and SR when addressing trait BIS. 

For expectancy ratings, trait BIS was associated with faster extinction learning 

whilst trait FFFS was associated with slower extinction learning. The relationship 

between trait BIS and extinction of expectancy ratings was apparent at both the zero-

order and partial correlation level. In contrast, the relationship between trait FFFS and 

extinction of expectancy ratings only reached significance after controlling for variance 

associated with trait BIS and SR. Higher trait FFFS was also associated with greater 

right frontal activation to the CS+ during acquisition where as trait BIS was unrelated to 

right frontal activation to the CS+ during acquisition. Individually, scores on the STAI-T 
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were also significantly and positively related to right frontal activation to the CS+ 

FFFS

Slope of 
Extinction 
learning: 
Startle

Slope of 
Extinction 
learning:

Expectancies F8 CS+

BIS -.008
.021

-.027
-.222*
-.278**

.196

.174

FFFS
.054
.116

.147

.222*
.326**
.313**

Extinction rate: 
Expectancies .266* -.022

Slope of extinction learning:
Startle .113

* p <.05, ** p <.01. 

during acquisition, r (78) = .287, p = .005, as were scores on Stress Reaction, r(78) = .

310,  p =.003, and SP, r(78) = .303, p = .003. Right frontal activation to the CS+ during 

acquisition was not, however, associated with extinction learning indexed by 

expectancy ratings.

Unlike findings for expectancy ratings, when extinction rate of startle magnitude

was examined, no significant relationships emerged at either the zero-order or partial 

correlation level.

In sum,.the findings provide evidence that right frontal activity is related to trait 

FFFS but not trait BIS and furthermore, that trait BIS and FFFS mediate opposing 

note. Partial correlations are presented in italics below zero-order correlations for relationships involving trait 
BIS and FFFS with SR/trait FFFS and SR/trait BIS removed respectively. More negative slope scores = faster 
extinction learning. 

Table 10-2.  

Correlations between trait BIS, trait FFFS, right frontal activity to the CS+ during 

acquisition and slope of extinction learning for  expectancy ratings and startle  

magnitude.
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processes with respect to extinction learning. Again the direction of this effect was 

consistent with expectations. In contrast, the degree of right frontal activity elicited to a 

CS+ during acquisition was unrelated to extinction learning. 

10.3.7 Trait FFFS, BIS, right frontal activity and extinction recall. 

The relationship between right frontal activation to the CS+ during acquisition, 

trait BIS and FFFS and renewal of expectancy ratings during blocks 1 and 2 of day 2 

extinction recall were examined with zero order and partial correlations. These are 

presented in Table 10-3, with partial correlations presented only relationships involving 

trait BIS and FFFS, controlling for variance associated with trait FFFS and SR when 

examining trait BIS; and variance associated with trait BIS and SR when examining 

trait FFFS. 

Firstly addressing extinction recall in relation to expectancy ratings. Trait BIS 

failed to predict extinction recall in either block 1 or 2. In contrast, trait FFFS predicted 

greater CR renewal (poor extinction recall – so larger expectancies in on day 2 recall 

relative to day 1 extinction), with effects stronger in the second block. Right frontal 

activity to the the CS+ during acquisition also predicted greater CR renewal (poorer 

extinction recall) on day 2.

When extinction recall was examined in relation to startle magnitude, no 

significant effects emerged as indicated in Table 10-3.

10.3.8 Right frontal activity as a mediator of the relationship between trait  

FFFS and extinction retention. Figure 10-5 illustrates a proposed mediation model 

where the relationship between trait FFFS and extinction retention is mediated by the 

degree of right frontal activation to the CS+ during acquisition. It should be mentioned 

that the trait FFFS/right frontal activity/extinction learning mediation model could not 

be tested (see top model in Figure 10-5) as path b, the relationship between right frontal 
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activity to the CS+ and extinction learning, was not established (see section 10.2.6).

CR renewal on day 2: Expectancy 
ratings

CR renewal on day 
2: Startle  
magnitude

Block1 Block 2 Block 1

BIS 
.098
.101

.139

.152
-.066
-.063

FFFS
.209*
.185

.276**

.255**
-.035
-.025

F8 CS+ .229* .346*** -.073

Note. Partial correlations are presented in italics below zero-order correlations for relationships involving 
trait BIS and FFFS with SR/trait FFFS and SR/trait BIS removed respectively.

 * p <.05, ** p <.01, *** p <.001.

The aforementioned extinction retention mediation model was tested according 

to the steps of mediation outlined by Baron and Kenny (1986). Lateral right frontal 

activity (F8) within the lower alpha band was selected as the index of right frontal 

activity as this was where significant group differences were observed above. 

Difference scores were used (CS+ relative to its preceding context) to control for 

individual differences in skull thickness and conductivity which affect alpha power. 

Extinction recall at block 2 was employed as the index of extinction recall as both trait 

FFFS and right frontal activation to the CS+ during acquisition were correlated with this 

index at the zero-order correlation level. 

To determine if the conditions for mediation were met, a series of regression 

Table 10-3.. 

Zero-order and partial correlations between trait BIS, trait FFFS, lateral right frontal  

activity (F8) to the CS+ during acquisition and CR renewal on day 2 for both 

expectancy ratings and startle magnitude.  
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analyses were conducted. Trait BIS and SR were entered as covariates within each 

regression model. Step 1 tests path c, that the initial predictor variable (trait FFFS) 

predicts significant variance in the outcome variable (extinction recall).  As indicated 

below in Table 10-4, this step was supported, with trait FFFS predicting poorer 

extinction recall, so greater renewal of the conditioned response (b = .674, CI = .082 – 

1.266). Step 2 tests path a, that the initial variable (trait FFFS) predicts variance in the 

mediator (lateral right frontal activation to the CS+ during activity). As indicated in 

Table 10-4 this step was also supported, with higher trait FFFS predicting enhanced 

right frontal activation to the CS+ during acquisition (b = .001, CI = .001 - .005). Step 3 

tests path b, that the mediator (lateral right frontal activation to the CS+ during 

acquisition) predicts variance in the outcome variable (extinction recall).  As indicated 

in Table 10-4 this was tested by entering both trait FFFS and right frontal activation to 

the CS+ during acquisition into a regression model predicting extinction recall at block 

2.  This step was also supported, with right frontal activity to the CS+ during 

acquisition predicting poorer extinction recall, so greater renewal of the conditioned 

response on day 2 (b = 80.114, CI = 10.079 – 150.149).  

The final step of mediation requires that the product of paths a and b is 

significantly different from zero.  This was accomplished by entering regression 

coefficients and standard errors for paths a and b into Prodclin (McKinnon et al., 2007) 

to compute the asymmetric 95 % confidence limits for the ab product. The resultant 

confidence limits did not contain zero (upper limit = .524737, lower limit = .026519), 

indicating that the indirect, mediated effect was in fact statistically significant. 

Furthermore, as can be seen in Table 10-4, once the mediator (right frontal activation to 

the CS+ during acquisition) was entered into the model, trait FFFS no longer predicted 

significant variance in extinction recall, indicating full mediation of this relationship by 
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right frontal activation to the CS+ during acquisition. 

Variables ß t Total R2 F

Dependent variable : CR renewal - expectancy ratings at block 2. 

FFFS .268* 2.265 2.638 2.87

BIS .144 1.238

SR .021 .165

Dependent variable: Lateral right frontal activation to the CS+ during acquisition (F8-

CS+)
FFFS .330** 2.874 .140 4.118**

BIS .171 1.541

SR -.036 -.302

Dependent variable : CR renewal expectancy ratings at block 2. 

FFFS .163 1.326 .161 3.348*

F8-CS+ .268* 2.281

BIS .133 1.136

SR .006 .051

* p <.05, ** p <.01. 

10.4 Discussion

Three main findings emerged from the current study. Firstly, as predicted, higher 

Table 10-4.  

Steps 1 to 3 of the mediation analysis between extinction recall, right frontal activation 

to the CS+ during acquisition and trait FFFS.
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trait FFFS was associated with greater right frontal activity elicited to an aversive 

CS+during acquisition. In contrast, no relationship between trait BIS and right frontal 

activity to the CS+ during acquisition was observed. By including SR and trait BIS as 

covariates it was further confirmed that trait FFFS predicts unique variance in right 

frontal activity elicited to the CS+. This finding thus supports the revised 

conceptualisation of anterior asymmetry which aligns the FFFS, but not the BIS, with 

right prefrontal regions. In contrast, the earlier model, originally posited by Davidson 

(1984; 1998; 2002; 2004), ascribes both FFFS and BIS mediated functions to the one,

withdrawal system, and this, in turn, to right frontal activity. According to this model 

trait BIS and FFFS measures are tapping individual differences in the one, withdrawal 

system, so both should predict enhanced right frontal activity to an aversive CS+. Thus 

the current findings clearly support the revised conceptualisation over the earlier model 

proposed by Davidson (1984; 1998; 2002; 2004). To the author's knowledge, this is the 

first study to attempt to distinguish between trait BIS and FFFS with respect to existing 

self-report measures and relate this distinction to individual differences in right frontal 

activity.

Individually, the SP, STAI-T and Stress Reaction scales also predicted enhanced 

right frontal activity to the CS+ during acquisition. This is the first study to examine the 

relationship between scores on the SP and Stress Reaction scales in relation to right 

frontal activity. Also, with the exception of the current study and Crost et al. (2008), 

previous attempts to observe a relationship between scores on the STAI-T and right 

frontal activity have been unsuccessful (Heller et al., 1997; Lewis et al., 2006; 

McCarthy, 1992; Tomarken & Davidson, 1994). Three of these studies obtained resting 

baseline measures of anterior asymmetry. Baseline measures appear to be less sensitive 

to individual differences in approach/withdrawal motivation than manipulations 
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designed to elicit state activation in the underlying systems (Crost et al., 2008; Harmon-

Jones et al., 2002; 2006). Such methods were employed in the current study and also by 

Crost et al. (2008). Heller et al. (1997) also examined the relationship between STAI-T 

scores and right frontal activity during a fearful narrative but found no relationship. 

However, the extent to which a narrative alone would induce FFFS activation is 

questionable. In addition, as raised in Chapter 3, their use of a verbal manipulation may 

have resulted in enhanced left frontal activity (Hoffman et al., 2005) and obscured right 

frontal asymmetry effects. 

The second major finding pertains to the patterns of extinction learning observed 

in relation to trait BIS and FFFS. As expected, higher trait BIS was associated with 

faster extinction learning and trait FFFS, slower extinction learning. This effect was 

apparent for expectancy ratings but not startle magnitude. The observed effect of trait 

BIS and FFFS on extinction learning is consistent both with Gray and McNaugton's 

(2000) behavioural findings in animals with septo-hippcampal lesions or following 

administration of anxiolytics, as well as human structural and functional neuroimaging 

studies which implicate ventromedial prefrontal regions in extinction learning (Gottfried 

& Dolan, 2004; Kalisch et al., 2006; Milad & Quirk, 2002; Milad et al., 2005; 2008; 

Morgan & LeDoux, 1995). Also, to the author's knowledge, this is the first study to 

demonstrate distinct effects of trait FFFS and BIS on extinction learning in humans. 

This finding is of particular relevance to current views regarding the effect of trait-level 

factors on aversive conditioning processes, and in turn the aetiology and treatment of 

anxiety disorders. 

The role of classical and instrumental conditioning in the development and 

maintenance of anxiety disorders, and the impact of trait-level factors on these 

processes has been the focus of decades of research (for a review of this literature see 
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Mineka & Zinbarg, 2006). In relation to fear extinction/renewal, there is evidence that 

individuals scoring higher on measures linked here to trait FFFS sensitivity (STAI-T; 

SP) exhibit greater resistance to extinction (e.g., Davey & Matchett, 1994; Torrubia, 

Avila, Molto, & Grande, 1995), enhanced renewal of fear (e.g., Rodriguez, Craske, 

Mineka & Hladek, 1999), enhanced amygdala activation to CS+ stimuli during 

extinction (Barrett & Armony, 2009) and poorer ability to associate previously aversive 

cues with future positive outcomes (counter-conditioning; Avila, Parcet, Ibanez & Ortet, 

1999). The current findings support and extend on this previous work by demonstrating 

that whilst high trait FFFS sensitivity may confer risk for anxiety disorders through 

enhanced resistance to fear extinction, this is not the case for trait BIS. Instead, high 

trait BIS sensitivity confers risk through enhanced sensitivity to goal-conflict, which, as 

demonstrated here, somewhat paradoxically, facilitates the extinction of fear. Moreover, 

these findings highlight the need for future research to address the distinct role that trait 

BIS and FFFS may play in the development and treatment of anxiety disorders. This 

point will be considered further in Chapter 11.

The final major finding to emerge from the current study was the mediation 

effect observed between trait FFFS, right frontal activity and the extinction retention 

indexed by expectancy ratings. As predicted, higher trait FFFS was associated with 

enhanced CR renewal (poorer extinction retention) 24 hours after the initial acquisition 

and extinction phases. Furthermore, this effect was mediated by the degree of right 

frontal activity elicited to the aversive CS+ during day 1 acquisition. Findings thus 

support the mediation model presented at the outset of this study which proposed that 

higher trait FFFS would lead to greater FFFS activation to the CS+ during acquisition 

(reflected in enhanced right frontal activity), a stronger/more highly activated CS-UCS 

association and hence enhanced renewal of the conditioned response during later 



371

extinction recall. This is the first study to demonstrate that right frontal activity can act 

as a mediator between measures purportedly indexing trait FFFS (or withdrawal system) 

sensitivity and behaviour. 

Although the above findings provide strong support for the revised 

conceptualisation of anterior asymmetry, as well as support for the predictions of the 

revised RST in relation to extinction learning, the study also produced several 

unexpected results. Firstly, when examined independently of trait FFFS, no group-wide 

relative increase in right frontal activity to the CS+ was observed. As such, the findings 

fail to support one of the hypotheses, that presentation of the CS+ would produce a 

general increase in right frontal activity across the entire group. However, while group-

wide effects were absent, the presence of this effect among high trait FFFS individuals 

suggests that the strength of the aversive conditioning manipulation may not have been 

sufficient to elicit significant activation in the FFFS, except in those individuals with 

heightened FFFS sensitivity/reactivity. 

 Another consideration when interpreting the lack of group-wide enhancement in 

right frontal activation is that presentation of the startle probe may have interfered with 

the perceived aversiveness of the CS+. As startle probes were presented on 

approximately 50 % of CS+, CS- and context-only presentations, all stimuli were 

associated with the potential presentation of a startle probe. This may have enhanced the 

aversiveness of stimuli generally and potentially decreased the relative aversiveness of 

the CS+. 

Expectancy of action may also moderate FFFS-related increases in right frontal 

activity.  Harmon-Jones et al. (2006) would argue that significant right frontal activation 

would be more likely to emerge if avoidance/withdrawal from the aversive event/stimuli 

is possible and anticipated. However, given the nature and limitations of the aversive 
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conditioning paradigm, this level of manipulation was not possible within the current 

study. 

The current study also found that the predicted effects were isolated to the lower 

alpha band (8-10Hz). This finding is consistent with Crost et al. (2008) who observed 

that effects in their study were also specific to the lower alpha band. It is also consistent 

with Oakes et al. (2004), who show that activity in the lower alpha band exhibits greater 

validity as an inverse index of cortical activity than activity in the upper alpha band. 

Given that the lower alpha band has been linked to attentional processes (Klimesch, 

1996;1999), the current findings (and those of Crost et al., 2008) suggest that FFFS 

engagement of right prefrontal regions may relate to the allocation of frontal attentional 

resources to the source of potential threat. This conjecture, and the relationship between 

anterior asymmetry and frontal attentional processes generally, should be explored 

within future research. 

Another unexpected finding was the lack of trait FFFS/BIS effects on extinction 

learning/retention indexed by startle magnitude. Firstly turning to extinction learning. 

Although extinction of startle magnitude was apparent at a group level, the rate of 

extinction was unrelated to trait BIS or FFFS. The absence of an effect for startle 

magnitude in the context of significant effects for expectancy ratings may relate to the 

relative sensitivity of these measures to individual differences in extinction learning. 

The slope of extinction learning for expectancy ratings was calculated over 10 to 19 

trials (depending on the individual) in contrast to two or three blocks for startle 

magnitude (individual startle trials are averaged across blocks to). A larger number of 

trials would allow for greater individual variability in slope values and hence a 

potentially more sensitive index of extinction learning. In addition, neither trait FFFS 

nor right frontal activity to the CS+ during acquisition were related to renewal of startle 



373

magnitude on day 2. Although this was unexpected, the large degree of habituation 

observed throughout the entire extinction recall session most likely accounts for the 

absence of effects here. This was apparent for both the CS+ and CS- and is likely to 

have obscured any individual differences in extinction recall which may have otherwise 

emerged when comparing startle magnitude to the CS+ during extinction recall relative 

to the final three trials of extinction. 

An additional aspect of the results which should be considered is the failure to 

observe a relationship between right frontal activity to the CS+ during acquisition and 

rate of extinction learning. This finding appears at odds with effects otherwise observed 

between trait FFFS and right frontal activity and trait FFFS and extinction learning. One 

possible explanation is that sensitivity/reactivity at other levels of the FFFS hierarchy, 

such as the amygdala or cingulate regions (Gray & McNaughton, 2000), manifest as 

individual differences in self-report trait FFFS which are more relevant to continued 

conditioned responding throughout the extinction phase. This conjecture seems 

plausible when considering that in the current study right frontal activation to the CS+ 

accounted for only 10 % of the variance in self-report trait FFFS. Future studies should 

attempt to examine whether sensitivity/reactivity at different levels of the FFFS 

hierarchy can explain unique variance in self-report and behavioural indices of trait 

FFFS sensitivity.

A final finding which deserves attention is the failure to observe a relationship 

between trait BIS and extinction retention on day 2 in relation to both expectancy 

ratings and startle magnitude. Although this finding was unexpected, especially given 

effects observed for trait FFFS, it may be accounted for by consideration of differences 

in the physical and temporal contextual features of the testing environment between the 

day 1 and day 2 sessions. Most notably, participants were not required to wear an EEG 
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cap during the day 2 session. The session also differed in the order of tasks, with the 

conditioning task being presented last on the day 1 session, usually one hour into the 

testing session, and after only a five minute setting up period on the day 2. Changes in 

contextual factors typically result in renewal of the extinguished conditioned response 

(for review see Bouton, 2006).

In Chapter 5 a model of extinction recall was proposed based on Gray's theory of 

the BIS (cf Figure 5-2, chapter 5). During extinction recall, the conflict produced by co-

occuring CS+-noUCS-noCR and CS+-UCS-CR goals activates the BIS, hence the 

observed engagement of a ventromedial prefrontal and hippocampal network (Kalisch et 

al., 2006; Milad et al., 2008). It was argued that renewal of the conditioned response 

occurs when the CS+-UCS-CR goal is more highly activated than the CS+-noUCS-

noCR goal, such as when extinction recall is conducted in the acquisition context. It was 

suggested that this would also result in reduced BIS involvement, due to diminished 

conflict, and thus less engagement of ventromedial prefrontal and hippocampal 

ventromedial regions (e.g., Kalisch et al., 2006; Milad et al., 2008). In general, trait BIS 

should be associated with enhanced detection of conflict between the competing goals 

and greater inhibition of the conditioned response. 

In the current study, although the background context image remained stable 

across the testing sessions, the change in physical and contextual features produced 

novelty in the testing environment. As discussed previously, novelty inherently elicits an 

approach-avoidance conflict, resulting in BIS activation. However, in the absence of 

relevant information to resolve conflict created by these novel contextual features, the 

BIS is likely to favour the FFFS goal (Gray & McNaughton, 2000), hence the CS+-

UCS-CR goal. Thus trait BIS is associated with two opposing processes, enhanced 

conflict detection and inhibition of the CS+UCS-CR goal and enhanced sensitivity to 
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novel contextual features, resulting in favouring of the CS+UCS-CR goal. BIS mediated 

favouring of the FFFS goal in the presence of novelty may underlie the overall 

enhanced conditioned response observed across the group. It could also underlie the 

absence of an overall effect between trait BIS and renewal of the extinguished 

conditioned response on recall. 

Although the findings of the current study hold important theoretical 

implications,.the study also suffers from several methodological and conceptual 

limitations. The change in contextual features is an obvious limitation which may have 

confounded the test of trait BIS effects on extinction recall. The relationship between 

trait BIS and extinction recall thus requires attention in future studies where contextual 

factors are held stable between sessions. Another limitation associated with the 

extinction recall phase was the lack of counterbalancing in CS+ and CS- presentations. 

As explained in the methodology section, the order was kept consistent between 

individuals to avoid individual variance associated with order effects. However, this 

meant that recall could not be evaluated by simply comparing the CS+ to the CS-. 

Counterbalancing the CS+ and CS- presentations would have removed the issue of 

startle habituation encountered in comparing startle magnitude to the CS+ during recall 

relative to the final three CS+ startle trials of extinction. To address this issue, future 

studies could select extreme groups (i.e., high versus low trait BIS) and counterbalance 

the CS+ and CS- presentations during extinction recall within each group. 

In addition, although the observed effect of trait BIS on extinction learning was 

interpreted in terms of individual differences in ventromedial-prefrontal functioning, 

this was not directly tested within the current study. As well, in the absence of source 

localisation techniques, it cannot be determined whether effects observed at the lateral 

right prefrontal electrode sites do indeed reflect lateral right prefrontal activity. Future 
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studies utilising higher density electrode arrays enabling reliable source localisation or 

functional neuroimaging techniques should be conducted to test whether effects 

associated with trait BIS and trait FFFS are indeed related to ventromedial and right 

prefrontal regions. 

Another limitation of the current study relates to the significant difference 

observed between expectancy ratings to the CS+ and CS- at trial 1. No startle measures 

or expectancy ratings were taken during habituation, thus it is not possible to determine 

whether CS+ and CS- differences existed prior to conditioning. However, the fact that 

significant differences in startle magnitude to the CS+ and CS- were only apparent at 

blocks 3 and 4, in conjunction with the significant linear trend observed in CS+ and CS- 

difference scores for expectancy ratings across the first 5 trials of acquisition, indicates 

that differential responding to the CS+ and CS- was indeed related to the acquisition 

process. In addition, differences between CS+ and CS- expectancy ratings remained 

significant on the final block of extinction. Even after repeated presentations of the CS+ 

in the absence of a UCS, a number of participants were still not confident that the CS+ 

was completely safe. This may reflect the use of a partial reinforcement schedule in the 

current study. Importantly, the lack of complete extinction on day 1 may have increased 

the likelihood of renewed conditioned responding on day 2. 

10.5 Conclusions

The findings of the current study support the revised conceptualisation of 

anterior asymmetry based on Gray's RST (Gray & McNaughton, 2000) over the original 

AAE model posed by Davidson (1984; 1998; 2002; 2004). Right frontal activation to 

the CS+ during extinction was associated with self-reported trait FFFS but not trait BIS. 

Furthermore, self-reported trait FFFS predicted enhanced renewal of the conditioned 

response during extinction recall on day 2 and this relationship was mediated by the 
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degree of right frontal activation to the CS+ during acquisition on day 1. Trait BIS and 

FFFS also predicted opposite patterns of extinction learning, with trait BIS predicting 

faster and trait FFFS predicting slower extinction learning. These findings are consistent 

with RST based predictions and provide further validation of the trait BIS and FFFS 

self-report measures employed here.

Although a number of limitations are apparent within the current study, the 

findings present a significant step towards clarifying the role of right frontal regions in 

emotion and motivation. They also support the application of the Gray's RST (Gray & 

McNaughton, 2000) to models of human anxiety and fear whilst at the same time 

clarifying the role of cortical regions in the neurological models proposed for the FFFS 

and BIS. Future research can build on these findings in a number of ways. The findings 

themselves need to be replicated with the limitations outlined above addressed. In 

particular, neuroimaging and source localisation studies will be integral to explicating 

the role of specific cortical regions in the BIS and FFFS and to future tests of the 

revised anterior asymmetry model. 
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 CHAPTER 11

General Discussion

The current research commenced with the aim of testing a revised 

conceptualisation of anterior asymmetry based on Gray's revised RST, focusing on the 

relationship between right frontal activity and withdrawal motivation (FFFS). Whilst the 

right frontal activity/FFFS hypothesis was indeed supported, testing this relationship 

was contingent on first identifying valid measures of the revised models of BIS and 

FFFS. Consequently, the most important contribution of the present research has been 

the validation of self-report indices of trait BIS and FFFS and the identification of 

behavioural and neurophysiological paradigms which can be applied to tests of the 

revised theory at a human level. 

In Chapter 5, an extensive body of evidence was presented supporting the 

validity of MPQ Constraint and Negative Emotionality (in particular the Control, Harm 

Avoidance and Stress Reaction scales) as indices of the revised BIS and FFFS 

constructs. This evidence spanned behavioural, pharmacological and neurobiological 

levels, with studies such as Silbersweig et al.(2006) and Hill et al. (2009) demonstrating 

convergence between the neural correlates of Constraint and Negative Emotionality and 

the neurobiological models of BIS and FFFS posed by Gray and McNaughton's (2000). 

Given the centrality of anxiolytics to Gray and McNaughton's distinction between FFFS 

and BIS, a critical source of validation would be evidence that anxiolytics have a greater 

impact on measures such as MPQ Harm Avoidance/Control than measures such as 

Negative Emotionality and former BIS measures such as the STAI-T or CW-BIS. Whilst 

no study has yet directly tested this with the MPQ or former BIS scales, Cowley et al. 

(1994) demonstrated that sensitivity to anxiolytics was related to individual differences 

in TPQ Novelty Seeking - a scale which is psychometrically related to MPQ Control 
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and Harm Avoidance (Depue and Collins, 1999; Waller et al., 1991) and not to TPQ 

Harm Avoidance – which is psychometrically related to MPQ Negative Emotionality, 

CW-BIS and STAI-T (Waller et al., 1991; Caseras et al., 2003). Thus the findings of 

Cowley et al. (1994), along with other evidence reviewed in Chapter 5, present 

compelling support for the view that the Constraint and Negative Emotionality 

dimensions (dimensions which are common to most three factor models of 

temperament/personality) are indeed reflections of trait individual differences  in Gray 

and McNaughton's (2000) BIS and FFFS.

On the basis of evidence reviewed in Chapter 5, Study 1 further tested the 

construct validity of Control and Harm Avoidance as self-report indices of trait BIS 

sensitivity, and Stress Reaction as a self-report index of trait FFFS sensitivity. As 

expected, these measures exhibited strong and exclusive loadings on orthogonal BIS 

(Harm Avoidance and Control) and FFFS (Stress Reaction) factors. The manner in 

which former BIS measures (SP, STAI-T, CW-BIS) loaded across these factors was also 

examined. Whilst it was not anticipated that these measures would all load exclusively 

on the FFFS factor, this finding is consistent with some previous neuroimaging (Barros-

Loscertales et al., 2006; Dickie & Armory, 2008; Etkin et al., 2004; Gray et al., 2005) 

and experimental research (Perkins & Corr, 2006). 

Chapter 6 presented a compelling set of evidence which points to the P300, in 

particular theta and P300 responses to novelty, as neurophysiological markers of the 

BIS. In Study 2 (Chapter 9), this paradigm was utilised to further test the distinction 

between BIS (Harm Avoidance and Control) and FFFS (Stress Reaction, SP, STAI-T) 

measures observed, at a psychometric level, in Study 1. Consistent with the 

aforementioned factor loadings, P300 and theta responses to novelty were predicted by 

scores on trait BIS (Harm Avoidance, Control) but not trait FFFS (SP, STAI-T, Stress 
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Reaction) measures. 

Having identified valid indices of trait BIS and FFFS sensitivity in Studies 1 and 

2, Study 3 was conducted to test the revised conceptualisation of anterior asymmetry 

based on Gray's RST (Gray & McNaughton, 2000). As expected, higher scores on a 

composite measure of trait FFFS (SP/STAI-T/Stress Reaction) predicted enhanced right 

frontal activity to an aversive CS+ during acquisition. In contrast, scores on a composite 

measure of trait BIS (Harm Avoidance/Control) were unrelated to right frontal activity 

to the CS+. In addition, trait FFFS scores predicted enhanced CR renewal during day 2 

extinction recall, and this relationship was mediated by the degree of right frontal 

activity to the CS+ during day 1 acquisition. To the author's knowledge, this is the first 

study to provide evidence of right frontal activity acting as a mediator of trait-level 

factors (FFFS sensitivity) on behaviour. The findings of Study 3 thus provide strong 

evidence that activity in right frontal regions reflects trait FFFS sensitivity (fear). 

Moreover, they support a revised conceptualisation of anterior asymmetry based on 

Gray's fear (FFFS)/anxiety (BIS) distinction, over Davidson's view, which aligns both 

fear and anxiety with the one, withdrawal system, and thus both, in turn, with right 

frontal regions. 

Whilst the current findings contribute significantly to existing knowledge 

regarding the role of right frontal regions in emotion and motivation, they also, 

critically, provide evidence consistent with Gray's fear (FFFS)/anxiety (BIS) distinction 

at a human level. In demonstrating this distinction, the findings of Studies 1 to 3 hold 

implications for both the aetiology and treatment of anxiety-related disorders. Firstly, 

returning to a point raised in Chapter 8. Given that former BIS measures, in particular 

the STAI-T, have been designed to measure trait levels of worry (a BIS characteristic 

retained in the revised model), it was expected that these measures would, at least 
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partially, index trait BIS sensitivity. However, the pattern of findings observed here 

suggest that trait levels of worry gauged by measures such as the STAI-T reflect a 

purely FFFS mediated process. This consequently raises the possibility that the BIS and 

FFFS mediate qualitatively distinct forms of worry . Interestingly, this position is 

consistent with studies demonstrating that common “anxiety” measures, such as the 

STAI-T or Beck Anxiety Inventory, and intolerance of uncertainty measures such as 

Freeston et al.'s (1994) Intolerance of Uncertainty or the Need for Closure Scale, predict 

unique variance in measures of worry such as the PSWQ (Dugas et al., 1997; Freeston, 

1994) and also load on distinct factors (Mancini et al., 2002). A distinction between 

BIS- and FFFS-mediated worry may also underlie the observed independence of 

“anxiety” (STAI-T, Hamiltion Anxiety Rating Scale) and “worry” related (PSWQ, 

Intolerance of Uncertainty) measures among generalised anxiety disordered samples 

(Brown et al., 1992; Meyer et al., 1990). The identification of distinct forms of worry 

derived from separable, biologically based systems, is of clear importance to the 

aetiology, diagnosis and treatment of anxiety-related disorders. Future studies need to 

address this further.

The distinction observed here between trait BIS and FFFS also has more general 

implications for current views regarding trait-level vulnerability in the aetiology and 

treatment of clinical anxiety/fear. The role of trait level factors in the development of 

psychopathology is well acknowledged (e.g., Krueger, Caspi, Moffitt, & McGee, 1996 

and for a review see Zinbarg, Uliaszek, & Adler, 2008). If a BIS/FFFS derived trait 

vulnerability is applied to Gray and McNaughton's (2000) typology of anxiety-

disorders, one might expect high trait BIS (here aligned with Constraint-related scales) 

to confer specific risk for generalised anxiety disorder and some cases of social anxiety 

disorder. In contrast, high trait FFFS (here aligned with Negative Emotionality related 
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scales) would instead be expected to confer risk for panic disorder, specific phobia and 

also some cases of social phobia. However, the evidence to date appears to tell a 

different story. Firstly, high Negative Emotionality/Neuroticism is known to be a 

general risk factor for all anxiety-related disorders, including generalised anxiety 

disorder (for reviews see Clark, Watson & Mineka, 1994 and Zinbarg et al., 2008). 

Secondly, whilst Constraint has been consistently linked to risk for substance use 

disorders (e.g., Elkins et al., 2006; Hanson, et al., 2008; Krueger et al.,1996; Moffitt et 

al., 2001; Taylor & Iacono, 2007;Taylor et al., 2000; Tremblay et al., 1994; Verona et 

al., 2001) only one study to date has examined the relationship between Constraint and 

clinical anxiety (Krueger et al., 1996). Using birth-cohort data from the Dunedin 

Longitudinal Study, Krueger et al.(1996) found no relationship between Constraint and 

anxiety disorder diagnosis at age 18.

At face value, these findings suggest a unidimensional (trait FFFS/Negative 

Emotionality) model of trait vulnerability for anxiety-related disorders. Gray and 

McNaughton (2000) themselves suggest that Negative Emotionality/Neuroticism 

(without relating this at the time to trait FFFS) may present a single trait-level risk 

dimension akin to that advocated by Zinbarg and Barlow (1996) in their proposed 

hierarchical structure of anxiety-related disorders. However, a role for Constraint, and in 

turn, a two-dimensional BIS/FFFS model of trait vulnerability should not be so hastily 

disbanded, particularly in light of recent findings reported by Kashdan and Hofmann 

(2008) which may account for Krueger et al.'s (1996) failure to observe a relationship 

between Constraint and anxiety disorder diagnosis. 

Kashdan and Hofmann (2008) identified two qualitatively distinct subtypes of 

individuals diagnosed with generalised social anxiety disorder (social phobia). These 

groups differed primarily on the TPQ Novelty Seeking scale, with one group exhibiting 
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very high novelty seeking and the other group, very low novelty seeking. As outlined in 

Chapter 5, Novelty Seeking is closely aligned with Constraint and can thus be 

considered an inverse index of trait BIS sensitivity. In contrast to TPQ Novelty Seeking, 

both groups exhibited high and similar scores across most TPQ Harm Avoidance scales5 

(aligned with Negative Emotionality and hence trait FFFS sensitivity). Thus Kashdan 

and Hofmann's (2008) findings suggest that generalised social anxiety disorder is 

always associated with high trait FFFS, but that two distinct subgroups can be identified 

based on whether this is accompanied by low trait BIS or high trait BIS.

The combination of high trait FFFS and low trait BIS as a marker of risk is in 

fact quite plausible. This pattern of trait level vulnerability is likely to result in 

behaviour/affect characterised by a high degree of distress/avoidance motivation in 

response to perceived threat (e.g., negative social evaluation) coupled with poor 

inhibitory control. Reduced inhibitory control may exacerbate social anxiety symptoms 

through a failure to control/inhibit the expression of dysfunctional avoidance-related 

behaviour/affect when it conflicts with adaptive approach-related goals (e.g., presenting 

a paper at a conference). The pairing of high trait FFFS and low trait BIS sensitivity is 

also consistent with observed septo-hippocampal damage among individuals with panic-

disorder (e.g., Dantendofer et al.,1996; Massana et al., 2003). In contrast, social anxiety 

resulting from a combination of high trait BIS and high trait FFFS sensitivity most 

likely reflects heightened sensitivity to the approach-avoidance conflict inherent to 

social situations (eliciting BIS mediated defensive approach or passive avoidance and 

arousal). Enhanced trait FFFS sensitivity here is likely to intensify this approach-

5 The one exception was the “Fear of Uncertainty”subscale with the low novelty seeking group 
exhibiting significantly higher scores here. This is  consistent with the idea presented above that fear 
of/aversion to uncertainty presents a potential marker of BIS sensitivity/ reactivity. Although TPQ 
Harm Avoidance scale is psychometrically aligned with Negative Emotionality (hence trait FFFS 
sensitivity) the “Fear of Uncertainty” subscale actually correlates moderately (.462) with MPQ Harm 
Avoidance subscale (Waller et al., 1991). In contrast, all of the other TPQ Harm Avoidance scales 
exhibit moderate to strong correlations (.397 to .609) with the MPQ Stress Reaction subscale but no 
relationship with any Constraint subscales (Waller et al.,1991).
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avoidance conflict but tip the scale in favour of avoidance.

Kashdan and Hofmann's (2008) findings suggest that studies, like Krueger et al. 

(1996), which test for a linear relationship between clinical anxiety and markers of trait 

BIS sensitivity (i.e., Constraint) may overlook a potentially more complex (curvilinear) 

relationship that is moderated by the presence of moderate to high trait FFFS sensitivity. 

This latter point is primarily based on the large and convincing body of evidence linking 

Negative Emotionality/ Neuroticism to all anxiety-related disorders, in particular 

generalised anxiety disorder (Clark et al., 1994; Zinbarg et al., 2008). Thus, for 

example, it is suggested that high trait BIS sensitivity may confer risk for generalised 

anxiety disorder when it is coupled with a moderate to high degree of trait FFFS 

sensitivity, but not when trait FFFS sensitivity is low. Although these tentative 

conjectures diverge from Gray and McNaughton's (2000) typology, they provide a 

plausible link between evidence supporting Constraint and Negative Emotionality as 

trait-level markers of BIS/FFFS sensitivity and the current evidence linking these 

measures (and related trait measures) to clinical anxiety. Moreover, this view implies 

that high levels of trait BIS alone may not confer risk for human clinical anxiety and 

that consequently the application of Gray and McNaughton's (2000) model of BIS and 

FFFS to human anxiety may need to be revised to account for the observed role of trait 

level factors in vulnerability for anxiety-related disorders. 

Although the identification of trait-level processes which confer risk for anxiety-

related disorders is important at a prevention level, the extent to which clinically 

anxious/fearful individuals report high trait BIS (Constraint) or FFFS (Negative 

Emotionality) may also provide insight into the processes underlying their clinical 

symptoms and, in turn, hold important implications for treatment. The BIS and FFFS 

derive not only from neurologically separable systems but, as demonstrated by Gray and 
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McNaughton (2000), and in the current research, they also mediate fundamentally 

distinct processes which have distinct effects on behaviour (and possibly on cognitions 

as well). This was most evident in Study 3, which demonstrated that trait BIS and FFFS 

mediate opposing processes with respect to extinction learning.  

This raises a critical point regarding current conceptualisations of clinical 

anxiety,  particularly the view of resistance to fear extinction as central to all forms of 

clinical anxiety (e.g., Mineka & Zinbarg, 2006). A key point of the revised RST is that 

BIS-mediated clinical anxiety results from hypersensitivity to goal-conflict, often 

independent of any potential “threat” per se and independent of processes associated 

with fear learning and/or extinction. So, for example, a high trait BIS individual will be 

sensitive to almost all scenarios involving inherent goal-conflict (i.e., these scenarios 

will elicit “anxiety”); even those that hold no explicit “threat” (e.g., Do I buy a blue or a 

green shirt? Do I have my dinner on Friday night when Michael can't attend or Saturday 

night when Susan can't attend? Where should I take my vacation?). It should be clear 

from these examples, and consideration of one's own daily decision making tasks, that 

almost all decisions involve some degree of conflict – conflict which is distressing for 

an individual high on trait BIS. Thus, according to the revised RST, it is the sensitivity 

to this conflict and the distress associated with the BIS outputs produced to deal with 

such conflict that primarily underlies the state of anxiety experienced by individuals 

with pure Generalised Anxiety Disorder. 

The revised RST view of clinical anxiety also implies that an individual whose 

anxiety symptoms arise primarily from excessive BIS sensitivity (hence heightened 

sensitivity to goal-conflict) is likely to respond differently to a given treatment (e.g., 

cognitive-behaviour therapy) than someone who's symptoms arise primarily from 

excessive FFFS sensitivity (heightened sensitivity to/motivation to avoid threat). This 
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conjecture derives some support from a recent meta-analysis  by Siev and Chambless 

(2007) who compared cognitive-behaviour therapy to relaxation therapy among 

individuals with generalised anxiety disorder or panic disorder (without agoraphobia). 

For panic disorder, they reported clinically significant change in 72% of individuals 

receiving cognitive-behaviour therapy, relative to 50% of individuals receiving 

relaxation therapy. In contrast, for individuals with generalised anxiety disorder, 

cognitive-behaviour therapy was no more effective than relaxation therapy, producing 

clinically significant change in only 44% of cases (relative to 45% of cases for 

relaxation therapy). Importantly, Siev and Chambless (2007) ensured that the type of 

cognitive-behaviour therapy administered to individuals with panic disorder and 

generalised anxiety disorder in the studies they reviewed was comparable. 

Whilst panic disorder and generalised anxiety disorder are already distinguished 

as unique clinical phenomena (DSM-IV, 1994), the findings of Kashdan and Hofmann 

(2008) demonstrate that the same cluster of symptoms (hence diagnosis) can derive 

from a distinct pattern of trait level factors (and hence potentially aetiological 

processes). Identifying underlying trait BIS and FFFS derived vulnerability may thus be 

of particular benefit in these cases, as the current findings, in conjunction with Gray and 

McNaughton's (2000) work, suggest that the subtypes observed by Kashdan and 

Hofmann (2008) may derive from distinct aetiological processes and hence respond to 

distinct treatment approaches. In addition to potential effects on psychotherapeutic 

processes, the extent to which anxiety symptoms derive from BIS or FFFS sensitivity is 

also likely to affect the efficacy of anxiolytic treatments. Measures which enable 

clinicians to screen for underlying trait BIS/FFFS vulnerability could thus be of benefit 

in predicting treatment response. 

Moving away from the focus on aetiology and treatment for clinical anxiety/fear, 
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the current findings hold additional methodological and conceptual implications which 

deserve attention. Firstly, by providing support for Gray's BIS/FFFS distinction at a 

human level, the findings implicitly support consideration of their model when 

interpreting the results of previous research, and conducting future research into the 

biological basis of human anxiety/fear. In particular, the revised model of BIS presents a 

parsimonious account for the findings which are emerging regarding the role of 

ventromedial prefrontal and hippocampal regions in extinction learning and recall 

(Gottfried & Dolan, 2004; Kalisch et al., 2006; Milad & Quirk, 2002; Milad, Vidal-

Gonzaelz & Quirk, 2005; Milad et al., 2008; Morgan & LeDoux, 1995;  Phelps et al., 

2004). 

Aside from the obvious implications for withdrawal system interpretations of 

right frontal activity, the findings of Study 3 also highlight the need to consider 

lower/upper alpha and state reactivity (versus baseline resting activity) in future anterior 

asymmetry research. Firstly, consistent with Crost et al. (2008) and Oakes et al. (2004), 

the current findings suggest that anterior asymmetry effects may be isolated to the lower 

alpha band. Drawing on the work of Klimesch (1996; 1999) this suggests that anterior 

asymmetry effects may primarily reflect frontal attentional processes. Although these 

conjectures are based on a small number number of studies, they highlight the need for 

future anterior asymmetry studies to consider the lower and upper alpha band 

distinction in their design and analysis. The current findings also contribute to previous 

evidence suggesting that anterior asymmetry effects may be most evident when 

individual differences in left/right frontal activity are operationalised in terms of state 

reactivity versus resting baseline activity (e.g., Crost et al., 2008; Harmon-Jones et al., 

2002; 2006). 

Finally, the results of Study 2, in particular the unexpected negative relationship 
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between induced and evoked theta and Control/Harm Avoidance, raise several important 

questions for future research. Firstly, this pattern of findings may reflect a state in which 

septo-hippocampal regions and anterior-cingulate/medial prefrontal regions 

independently deal with conflict detection/resolution, with greater involvement of one 

region reducing the need for involvement of the other. In this case, if trait BIS 

sensitivity is primarily reflected in septo-hippocampal involvement in conflict, and, in 

turn, if frontal theta responses to novelty primarily reflect activity in anterior-

cingulate/medial prefrontal regions, then it is possible that high trait BIS sensitivity 

would result in reduced anterior cingulte/medial prefrontal involvement in conflict 

detection/resolution and hence reduced frontal theta responses to novelty. Alternatively, 

the inverse relationship observed between EEG amplitude and frequency (Lopes da 

Silva et al., 1976; Pfurtscheller & Lopes da Silva, 1999) suggests that trait individual 

differences in the BIS may relate to theta frequency and not amplitude as originally 

proposed. This suggestion is consistent with the effect of anxiolytics, which act to 

reduce the frequency of septo-hippocampal theta (Gray & McNaughton, 2000). Future 

research should attempt to address both of these alternative interpretations. Taken 

together, the findings of the three studies presented here provide a significant 

contribution to development of valid measures of the revised BIS and FFFS at a human 

trait level as well as a significant step towards clarifying the role of right frontal regions 

in emotion and motivation. At the same time the findings raise several important 

questions and directions for future research. Firstly, having been based exclusively on 

females, findings of the current studies require replication in a male sample to permit 

generalisation to the wider population. As well, the BIS/FFFS/BAS factor structure 

observed in Study 1 should be tested with confirmatory factor analytic procedures. This 

would provide additional construct validation of the measures proposed here as trait 
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indices of the revised BIS and FFFS. Furthermore, by utilising neuroimaging and/or 

source localisation techniques, the neural basis of the induced and evoked theta effects 

observed in Study 2 could be elucidated. In general, the conceptual, neuroanatomical, 

neurophysiological, behavioural and pharmacological continuity between Gray's BIS 

and the P300 event-related potential is striking and deserves attention within future 

research. Source localisation and neuroimaging techniques could also be utilised to 

confirm the neural source of right frontal activity effects observed in Study 3. Although 

it is assumed that effects arise from dorsolateral prefrontal regions, this has only been 

explicitly examined in one study to date (Pizzagalli et al., 2005). The extent to which 

the BIS and FFFS mediate qualitatively distinct forms of “worry” also deserves further 

attention. Such findings hold important implications not only for the conceptualisation 

of BIS and FFFS at a human trait level but also for the aetiology and treatment of 

anxiety-related disorders. Furthermore, future research should test a two-dimensional 

BIS/FFFS (Constraint/Negative Emotionality) model of trait vulnerability for anxiety-

related disorders. In conclusion, the current research supports the revised 

conceptualisation of anterior asymmetry which aligns right frontal activity with the 

FFFS whilst at the same time contributing significantly to the development of valid 

measures and paradigms for testing the revised RST at a human level.
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Frontal Brain Asymmetry and Approach-Withdrawal Motivation: A Revised 
Conceptualisation Based on Gray's Reinforcement Sensitivity Theory

 

Information sheet
 

 

Names                   ........       Dr Penelope Davis, Prof David Shum, Dr Tim Cutmore, 
Meredith McHugh

 

School                    ........       School of Psychology (Mt Gravatt)

 

Contact Phone        ........       (07) 373 53315, (07) 373 53370, (07) 373 53358, (07) 373 
53456

 

Email                      ........      p.davis@griffith.edu.au; d.shum@griffith.edu.au; 
t.cutmore@griffith.edu.au m.mchugh@griffith.edu.au

Why is the research being conducted?
This research aims to investigate the neuropsychological basis of individual differences 
in emotion and motivation. This research is being conducted by Meredith McHugh as 
partial requirement for the degree of Doctor of Philosophy.

What you will be asked to do
This study will be conducted in two parts. 

Part 1
The first part involves completion of a series of questionnaires via a secure website and 
can be completed on any computer connected to the internet. You will be provided with 
the web address, a login, user name and password to access this website. This part of the 
study takes approximately 20 minutes to complete and needs to be undertaken in your 
own time prior to attending the second part of this study. 

mailto:p.davis@griffith.edu.au
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The information you provide is completely confidential and will be stored securely and 
separately from any information which would enable a third party to identify you. 

Part 2
During the second part of the study you will be asked to complete three tasks. In the 
first task you will be presented with a series of photos with neutral content such as an 
empty office or lounge room. At times throughout this period you will also be presented 
with a sound which may be perceived as unpleasant in quality. You will be required 
throughout the task to make certain decisions about the photos and sound by pressing 
some keys on a keyboard.

During the second task you will again be presented with some neutral images (e.g., a 
circle or square) on a computer monitor and asked to respond to certain images as 
quickly as possible by pressing a key on the keyboard. During the final task you will be 
shown images of two decks of playing cards presented face down on the computer 
monitor. You will be asked throughout this task to choose from one of either of the 
decks. You will be able to earn money by maximising the number of points gained. You 
can earn a maximum of $10 on this task which you will receive at the conclusion of this 
second session.

While you are completing the three tasks, brain activity will be recorded using the 
electroencephalograph (EEG).  The EEG has been used by Doctors and researchers for 
decades to record electrical activity of the brain.  During this procedure, electrical 
activity is conducted from the scalp to electrodes in an Electrode Cap.  A small amount 
of saline gel is placed into each electrode chamber, forming a medium between the 
electrode and the scalp.  Signals are then amplified and digitised and saved to a 
computer hard drive.  

The EEG is commercially designed and meets regulated safety standards.  It definitely 
cannot transmit electrical current back to you as all of the EEG equipment is protected 
by an isolation transformer. Therefore, EEG tests are completely safe and non-invasive.  
The experimenter will follow published guidelines for safety. During the recording, 
participants are able to speak to the experimenter via an intercom.  

It takes about 30 minutes to set up the cap and apply the gel, and a further five to 10 
minutes to ensure that it is possible to record good quality EEG data.  The tasks will 
take a further 70 minutes.  Therefore the experiment will take approximately 2 hours to 
complete.

During the first task only we will also measure your skin conductance. To do this, 
electrodes will be placed on your index and adjacent finger of your left hand. This 
procedure allows us to measure your physiological arousal by recording increases and 
decreases in the activity of the sweat glands of your hands. Again, the procedures and 
equipment used to measure skin conductance meet regulated safety standards.

The experiment will be conducted in the Cognitive Psychophysiology Laboratory at 
Griffith University, at the Mt Gravatt Campus (Building: M24; Room 4.45).  

You can assist in preparing for the experiment by observing the following points.  First, 
you will be asked to remove any facial jewellery (i.e., earrings, nose rings, etc) as these 
can interfere with the recording.  Second, please relax, keep as still as possible, and try 
your best to minimise eye blinks and movements during the EEG recording.  This is 
because the EEG is very sensitive to interference from movement.  The researcher can 
instruct you about the best times to blink/move during the test.
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The basis by which participants will be selected or screened
To be involved in this experiment, participants must meet all of the following criteria:

1. Female

2. Right handed

3. Aged between 18 and 35 years

4. Have not experienced the following neurological disorders:

• Stroke

•  Tumour

• Epilepsy

• Encephalitis

5. Have not been unconscious after an injury

The expected benefits of the research
It is anticipated that this research will enhance current understanding of the biological 
basis of emotion and trait individual differences which mediate both emotional 
responses and motivation as well as vulnerability to the development of certain mood 
disorders. 

Risks to you
This experiment involves no risk to the participant.  The EEG and skin conductance 
equipment is commercially designed to isolate participants from electrical systems.  Our 
procedures for recording EEG follow published safety guidelines.

 

The behavioural tasks and questionnaires used in this experiment have been used in 
other laboratories, and involve no risk to participants.

 
Your confidentiality
Participants will remain anonymous in this project.  Data will not include your name, or 
any information that could identify you.  You will be referred to using a code number, 
and your data and your identifying code will be stored separately.  At no time will any 
data be used by anyone except the Chief or assistant investigator.

 

Your participation is voluntary
Your involvement in this experiment is entirely voluntary and you are under no 
obligation to participate in this study.  You retain the right, at any time, to discontinue 
participation without penalty or without providing an explanation.  If you decide to 
discontinue participation, and are a student of Griffith University, it can be assured that 
this decision will not impact upon your relationship with the university.
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Questions / further information
After the experiment is over your experimenter  (Meredith McHugh) will explain the 
purpose of the experiment to you.  If you want further information about the experiment 
you are also able to contact Dr Penelope Davis.  

 
The ethical conduct of this research
Griffith University conducts research in accordance with the National Statement on 
Ethical Conduct in Research Involving Humans.  If potential participants have any 
concerns or complaints about the ethical conduct of the project they should contact the 
Manager, Research Ethics on 3875 5585 or research-ethics@griffith.edu.au.

 

Feedback to you

A summary of the overall outcomes of the research will be made available to you at the 
completion of the research project.

Consent Form

I agree to participate in Part 1 of  the research project “Frontal Brain Asymmetry and 
Approach-Withdrawal Motivation: A Revised Conceptualisation Based on Gray's  
Reinforcement Sensitivity Theory” being conducted by Dr Penelope Davis, Prof David 
Shum, Dr Tim Cutmore and Ms Meredith McHugh. In particular:

• I understand that this study is being conducted to investigate the neuropsychological 
basis of individual differences in emotion and motivation;

• I have read and understood the information package provided on the previous page; 

• I understand that Part 1 of the study will involve completion of a series of 
questionnaires designed to assess personality characteristics;

• I understand that my participation in this research is voluntary; 

• I understand that if I have any additional questions I can contact the research 
team;

• I understand that I am free to withdraw at any time, without comment or penalty; 
and

• I understand that I can contact the Manager, Research Ethics, at Griffith 
University Human Research Ethics Committee on 3735 5585 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project.

By clicking on this button I hereby 

give my consent to participate in 

Part 1 of this research project.

mailto:research.ethics@griffith.edu.au
mailto:research.ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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Appendix B

On-screen instructions displayed to participants prior to completing the visual 
oddball task.
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Appendix C

Verbal Instructions presented to participants prior to commencing the aversive 

conditioning task (results reported in Study 3).

“During the next task you will be presented with a series of images. Some of 

these images will be followed by a sound which has been designed to be unpleasant to 

listen to. It is the recording of a metal rake being dragged across slate. At a point  

during each image presentation a bar will appear at the bottom of the screen. I want 

you to use this bar to indicate whether you think the sound is going to occur in the next  

few moments. At one end of the bar is the word “danger” and at the other end the word 

“safety”. You can use the key board to move a cursor up and down this bar. If you think 

the unpleasant sound is going to occur in the next few moments then you move the 

cursor towards the word “danger”. If you think it isn't going to occur in the next few 

moments, move the cursor towards “safety”. 

During the task you will also hear a second noise. This is a very brief, loud burst  

of noise. It is easy to tell apart from the unpleasant noise I was just talking about which 

is much longer.” 

I then check that the participant understood the general nature of the task by 

having them repeat the task instructions back to me – if they exhibit an understanding of 

the task, we then move into the UCS expectancy bar practice (see instructions Appendix 

D). 
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Appendix D

Instructions for the UCS expectancy bar practice session are presented below. 

“This is the bar that I was talking about before that will appear at a point  

during each image presentation. The bar is actually a continuous scale, so I would like 

you to use it to indicate the degree  to which you expect the unpleasant sound to occur 

or not. For instance, if you were 100 % certain the sound was going to occur in the next  

few moments you would move the bar all the way to the danger end. If, however, you 

had a slight feeling the sound wasn't going to occur then you would move the bar just a 

small way towards the safety end. If you have no idea whether the sound is going to 

occur or not you can leave the bar in the middle on “uncertain”. 

Now, the bar only appears for a few seconds each time, so I would like to make 

sure you are comfortable using it before we start. So, let's have a bit of a practice. I'm 

going to give you a few scenarios and each time I would like you to show me where you 

would place the bar each time.” 

“Ok.. ready?” (then read each scenario in turn and watch where the participant 

places the cursor on the bar).

– “On the next trial you think the sound is definitely not going to occur”

– “On the next trial you have a slight feeling the sound is going to occur”

– “On the next trial you are pretty sure the sound is going to occur but not 100 % 

sure”

– “On the next trial you are 100 % sure the sound is going to occur”
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Appendix E

Supplementary Results: Main Effects for the five-way ANOVAs reported in Chapter 10.

E1. CS+ at frontal sites. 

A significant main effect of band F(1,79) = 67.433, p < .001, η2 = .461, emerged, 

with more activity (less alpha) in the upper alpha band (10-12Hz) than the lower alpha 

band (8-10 Hz). There was also a main effect of stimulus, F(1,79) = 55.355, p < .001, η2 

= .412, with the CS+ producing an increase in activity (reduced alpha) relative to the 

context.  A significant main effect was also observed for region, F(1,77) = 420.315, p 

< .001, η2 = .842, with greater activity (less alpha) at lateral (F8, F7) versus medial (F3, 

F4) frontal electrodes. Hemisphere also produced a significant main effect, F(1,79) = 

27.095, p < .001, η2 = .225, with overall more activity (less alpha) in right relative to the 

left frontal regions. 

E2. CS+ at parietal sites and CS- at frontal sites.

At parietal sites for CS+ there was a main effect for stimulus F(1,78) = 63.379, p 

< .001, η2 = .448, region, F(1,78) = 276.497, p <.001, η2 = .780  and hemisphere, 

F(1,78) = 7.211, p = .009, η2 = .085. As seen at frontal regions,  the CS+ was associated 

with more overall activity (less alpha) than the context and overall more lateral relative 

to mid frontal activity. However, in contrast to the relative right frontal activity observed 

at frontal sites, parietal sites were associated with enhanced left relative to right 

hemisphere activity. 

For CS- at frontal sites, significant main effects were observed for band F(1, 79) 

= 64.146, p  <.001, η2 = .448, stimulus, F(1,79) = 49.723, p <.001, η2 = .386, region, 

F(1,79) = 404.837, p <.001, η2 = .837, and hemisphere, F(1,79) = 32.867, p < .001, η2 = 
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.294.  All significant main effects observed for the CS- at frontal sites resembled those 

seen for the CS+ at frontal sites. More frontal activity was apparent in the upper relative 

to the lower alpha band. The CS- was also associated with greater frontal activity than 

the context. Lateral frontal sites exhibited greater activity than midfrontal sites, whilst 

overall there was also greater right relative to left frontal activity. 
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