












Gray's Motivational Systems, Inhibitory Control and Attention Allocation: Behavioral

and Electrophysiological Correlates of Behavioral Inhibition and Activation

by

Helene Chevalier

A thesis

submitted in partial fulfillment

of the requirements for the degree

Master of Arts

Department of Psychology

BROCK UNIVERSITY
St.Catharines, Ontario

September 1997

©Helene Chevalier, 1997





Abstract

The present study investigated behavioral inhibition in adults within the

framework of a model developed by Jeffrey Gray (1972, 1982, 1987). He postulated the

existence of motivational systems: the Behavioral Inhibition System (BIS) and the

Behavioral Activation System (BAS). The BIS is activated by signals of novelty and

punishment, and reacts by inhibiting behaviors and by increasing attention and arousal.

The BAS is activated by signals of reward and responds by promoting approach

behaviors. Gray proposes that the BIS is related to Introversion and that the BAS is

related to Extraversion. Reactivities of those systems will depend on the level of

Neuroticism.

The present thesis explored the relationships among Gray's systems and standard

personality dimensions, inhibitory systems and attention allocation. The reactivity of

Gray's systems were assessed with Carver and White's BIS/BAS Scales (1994). Thirty-

six females were selected from an initial group of 644 to represent fiill continua on both

scales. Several personality measures were administered to assess neuroticism and

extraversion. The Situational Questionnaire, developed by Linda Rose-Krasnor (1993),

was used to evaluate inhibition to familiar, nonfamiliar, social and nonsocial situations.

Measures of motor inhibitory control, cognitive inhibition and cognitive failures were

taken. Event-related potentials (ERPs) were gathered to assess attention allocation and

arousal, reflected in P3b and Nl amplitude, respectively. Individuals with a more

reactive BIS system were hypothesized to have better inhibitory systems and to allocate

more attention to stimuli. Both BIS- and BAS-reactive individuals should display

greater arousal if they are also neurotic.





Factor analysis of the personality measures yielded three major factors:

Neuroticism, Extraversion and Situational Questionnaire (SQ). The Neuroticism factor

represented BIS reactivity and the Extraversion factor represented BAS reactivity. I

found that extraverts had less efficient cognitive inhibition and motor inhibitory control

than introverts. Extraverts also had smaller P3b amplitude at Cz and Pz sites to the

presentation of target faces, reflecting less attention allocation, than introverts. More

neurotic individuals had greater Nl amplitudes at all sites in the visual oddball task,

reflecting greater levels of arousal. The SQ factor was related to smaller P3b amplitude

at Fz and Cz sites in some ERP tasks, perhaps due to the anxiety generated by the testing

situation, dispersing attention. The SQ may measure a kind of inhibition that is not well

captured by neuroticism and extraversion measures: inhibition to situations that are

familiar.

I found that the BIS Scale was related to Neuroticism, and not to Introversion as

Gray's model would predict. However, consistent with Gray's model, neurotics showed

greater levels of arousal. Furthermore, introverts may have more efficient inhibitory

systems than extraverts. Consistent with the ERP literature but not with Gray's model,

introverts may allocate more attention to socially-relevant stimuli. I relate these

differences in arousal and attention allocation to differences in automatic versus

controlled processes.

In general, this study presents only limited support for Gray's model of

personality and inhibitory processes, and stresses the possible sensitivity of personality

to task and stimulus characteristics .
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INTRODUCTION

The concept of dimensions for a stable temperament in all individuals has been

around since Hippocrates' and Galen's theories of bodily humors. The balance of the

four humors, blood, phlegm, black bile and yellow bile, were thought to determine the

type of personality: sanguine, phlegmatic, melancholic and choleric, respectively.

Centuries later, Eysenck's (1967) personality dimensions of Extraversion-Introversion

and of Neuroticism-Stability can be mapped onto the ancient temperament types: The

melancholic is introverted and neurotic, the choleric is extraverted and neurotic, the

phlegmatic is introverted and stable and the sanguine is extraverted and stable.

Personality dimensions are numerous in the personality field but those of Extraversion

and Neuroticism have been more widely accepted.

The concept of stability of temperament has been widely acknowledged, along

with the idea that aspects of temperament are determined biologically or that a

predisposition exists, although the environment plays an important part in shaping

personality (Kagan, 1989). Individuals bom with a stronger tendency or preparedness to

react to the environment in a certain manner, especially to unfamiliar events, may not

perceive and react physiologically to events in the same manner as other individuals

(Kagan, 1989). This difference may lie in neurophysiological reactivity and affect the

more reactive individuals in ways that still warrant further investigation. Understanding

this difference in reactivity may bring about a new perspective on how the mind and

body perceive and react to events and how biology ties in with personality. Social

withdrawal and anxiety disorders may be consequences of a fearful temperament.
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whether the latter was determined at birth or shaped by the environment. The effect of

social withdrawal on mental health are obvious, and the root of the problem may lie in a

biological disposition of the individuals to react more intensively to novel, threatening,

socially-relevant stimuli or even to neutral stimuli. Furthermore, a difference in

neurophysiological reactivity may bring about differences in the direction and intensity

of attention allocation. The present thesis explores the relationships between

temperament, inhibition and attention based on Gray's (1972, 1982, 1987) model of

behavioral inhibition and activation and on research by Kagan's group (Kagan, 1989;

Kagan & Snidman, 1991; Kagan, Reznick & Snidman, 1988) on physiological reactivity

and behavioral inhibition.

Behavioral Inhibition and Non-Inhibition

Kagan and his colleagues' work stem from findings of animal studies. Cats

(Adamec & Stark-Adamec, 1989) who avoided novelty and were more defensive (15%

of cats) had greater neural activity in the basomedial amygdala and larger evoked

potentials in the ventromedial hypothalamus after stimulation of the basomedial

amygdala than non-defensive cats. This may reflect greater reactivity of the limbic

system. Findings of studies done with monkeys (Suomi, 1987 cited in Kagan et al.,

1988) have shovm that monkeys that were slower to explore the environment had a

higher heart rate than more curious monkeys when placed in an unfamiliar setting.

Physiologically, they also had larger plasma Cortisol increases when separated from their

mother or peers than less fearftil monkeys.
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Limbic System and Physiological Reactivity

Kagan and Snidman (1991) suggest that this phenomenon of increased limbic

and physiological reactivity in the face of novelty is also apparent with human infants.

The limbic system is implicated in behavioral reactivity, more specifically in motor

reactivity and crying in infants (Kagan & Snidman, 1991). Kagan and Snidman (1991)

conducted studies with children that they classified as either high or low on motor

reactivity and high or low on crying frequency at 4 months-old. Level of fear to an

unfamiliar event was assessed in those children at 9, 14 and 21 months. That assessment

included their reactions to the placement of electrodes, facial disapproval from the

mother or experimenter, the placement of a blood pressure cuff, a noisy rotating wheel,

and a request to taste liquid from a dropper. Infants who were high on both motor

reactivity and crying frequency at 4 months-old showed significantly more fear reactions

at 9 and 14 months than those who were low on both criteria at 4 months-old. The

difference between the two groups was maintained at 21 months when the children were

exposed to novelty: most of the same children showed the same fear reactions. Kagan

and Snidman (1991) have implicated the amygdala in crying frequency and motor

reactivity. Those reactions are mediated through two efferent pathways. One pathway

originates in the basal amygdala, projects to the ventromedial striatum, and then projects

to the skeletal motor system. This pathway mediates motor reactivity. The other

pathway originates in the central nucleus of the amygdala and projects to the cingulate

cortex and periaqueductal central gray. The target of this pathway is the vocal chords.

This system mediates the production of distress calls or crying. Lower amygdala
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thresholds may trigger more easily the heightened motor reactions and crying frequency

that Kagan and Snidman have found in distressed infants.

Sympathetic Nervous System (SNS) Activation in Inhibited Children

The SNS chain of ganglia arises from the amygdala and the hypothalamus. The

chain of ganglia runs all along the spinal cord and synapses to nerve cells which in turn

synapse with various organs. More specifically, the hypothalamus-pituitary-adrenal axis,

the SNS chain, as well as the reticular formation and its projections to the skeletal

muscles all originate from the limbic system (Kagan, 1989). The limbic system is

closely related to the functioning of the sympathetic nervous system and their target

organs.

Kagan and colleagues (1988) classified children at 21 or 31 months old as

behaviorally inhibited if they consistently showed signs of withdrawal (prolonged

clinging, remaining proximal to the mother, cessation of vocalization, reluctant to

approach or retreat) to the introduction of unfamiliar adults, objects and settings and as

behaviorally uninhibited if they showed consistent signs of approach (sociable, talkative,

affectively spontaneous). These children were reassessed on several occasions, between

the ages of 3.5 and 7.5 years old. Various measures of SNS activity (heart rate, pupillary

dilatation, vocal perturbation, norepinephrine levels and salivary Cortisol levels) were

taken in inhibited and uninhibited children.

Heightened reactivity of the limbic system as well as heightened reactivity of the

SNS, may be apparent in inhibited children. Kagan and colleagues (1988) found that

inhibited children had heightened sympathetic activation compared with children

categorized as uninhibited (Kagan et al., 1988). Inhibited children had a higher and less
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variable heart rate (HR), reached their maximum HR earUer in time in the testing

situation, had larger pupil diameter during and between testing sessions, higher muscle

tension under cognitive stress and less variability in the frequency of word utterances.

Kagan and colleagues (1988) also found a modest positive correlation between

behavioral inhibition and level of urinary noradrenaline (NE) and a modest positive

correlation between behavioral inhibition and the level of salivary Cortisol. The latter

indexes the level of activity in the hypothalamus-pituitary-adrenal axis while NE is the

main neurotransmitter in the postganglionic synapses of the peripheral SNS. Lower

amygdala thresholds may be related to higher levels ofNE (Bandura, Taylor, Williams et

al., 1985; Rogeness, Javors, Maas et al., 1990). Researchers (Abercrombie & Jacobs,

1987) have found a relationship between the activity of the locus coeruleus, which is one

of the main sources of NE, and HR acceleration to stress in cats. Furthermore, a high

level of arousal and associated high level of NE may result in an hypersensitivity to

signals of punishment, overanxious behavior and behavioral inhibition (Rogeness et al.,

1990).

Stability of Temperament Over Time

In the Harvard group's study (Kagan et al., 1988), children who were inhibited

initially (at 21 or 31 months, to an unfamiliar object, adult or setting) were more quiet

with a stranger at 4 years old, and they were isolated and spoke less often at 7.5 years old

than uninhibited children. Consistently inhibited and uninhibited children at every age

assessed had highest and lowest HR respectively. Furthermore, inhibited children were

more likely to have unusual fears at 5.5 and 7.5 years old if their HR was high on the

first evaluation.
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Stability in the classification for 75% of the children from 21 months to 7.5 years

old was found for the extremes of the inhibition continuum only, i.e., for the very

inhibited and very uninhibited. In an unselected sample (i.e., taking the whole

distribution into account), stability was found for inhibited children only (Kagan, 1989).

Therefore, the prediction (from infancy to 4 years old) can be made for the extremes of

the continuum (top and bottom 20%) but it does not hold if the whole distribution is

taken into account.

The personality dimensions of Introversion-Extraversion (I-E) in adults are

related to the inhibition and non-inhibition dimensions assessed in children, although

they are not identical (Kagan, 1989). The I-E dimension represent a difference in the

initial tendency to approach towards or withdraw from novelty, where the adult introvert,

as the inhibited child, will exhibit an initial period of silence in a unfamiliar situation

(Kagan, 1989). Inhibited children are more likely to become introverted as adults and

uninhibited children are more likely to become extraverted as adults (Kagan, 1989).

Inhibition in childhood shows better stability from childhood to adulthood than non-

inhibition, although the latter also shows stability.

Behavioral Inhibition and Neurophysiological Reactivity in Adults

The P300 (or P3) component of the event-related potentials (ERPs) is a positivity

generated at the scalp at least 300 milliseconds after stimulus onset. The P300 can be

divided into two distinct subtypes: the P3a, and the P3b. The P3a is thought to occur

between 250 and 350 ms and represents an orientation response to a novel stimulus

(Squires, Squires & Hillyard, 1975). It may be generated in the dorsolateral prefrontal

cortex and larger P3a are recorded at the frontal sites (Squires et al., 1975). The P3b
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occurs after 300 ms and is thought to represent the evaluation of the stimulus and the

allocation of attention to a salient stimulus (Polich, 1986). It appears to be generated at

the parietal-temporal junction (Molnar, 1994) and is largest at parietal sites to target

stimuli. According to Halgren and colleagues (Halgren, Squires, Wilson, Rohrbaugh,

Babb et al., 1980), the P3b is generated in the hippocampus and amygdala, indicative of

limbic reactivity. Halgren and his colleagues suggest that large field-potentials and unit

responses are evoked in the human hippocampal formation and amygdala by infrequent

but attended events in the oddball paradigm. Halgren and associates (1980) found that

by putting electrodes in the hippocampus and amygdala of epileptic patients: limbic

potentials were always larger to rare tones or rare visual stimuli but attenuated if

participants were instructed to ignore them. However, the P3b may be more

superficially generated, from a broad area of the cortex. Thus, the hippocampus may not

be the source of the P3b but the latter may be driving the hippocampus (Miller, 1996).

According to Kagan and his colleagues' work with children (Kagan et al., 1988),

behaviorally inhibited children had heightened limbic and physiological reactivity. From

this, I predict that behaviorally inhibited individuals may also show greater cortical

reactivity. This would be apparent in greater P3a and P3b amplitudes for behaviorally

inhibited individuals.

Segalowitz, Rose-Krasnor and Rae (1995) investigated the relationship between

temperament inhibition and the P3b component of the ERPs. They assessed the P3b

component in university women, representing the full continuum of inhibition as

assessed with the Situational Questionnaire (SQ) (Rose-Krasnor, 1993). This

questionnaire assesses emotional responses (anxious, embarrassed, fearful, happy,
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excited and calm) encountered in unfamiliar or familiar settings, and in social or

nonsocial situations. Negative emotions (anxious, embarrassed and fearful) would

presumably be related to withholding of behavior in those settings or situations: The

term inhibition will be used to refer to this negative emotionality. The questionnaires

were administered to 76 university undergraduate women. For this group of

respondents, the authors found significant correlations between self-reports of negative

emotions in social situations and in nonsocial situations, as well as significant

correlations between negative emotions in familiar and in unfamiliar settings. Greater

inhibition correlated significantly and positively with Trait Anxiety, measured with

Spielberger's State and Trait Anxiety Liventory (Spielberger, 1983).

Sixteen of the 76 respondents were chosen to represent the full continuum of

inhibition and came to the lab for ERP testing. Electrodes were attached to the scalp at

the following sites: F3, F4, P3, P4, Cz and Pz. Negative emotionality on the SQ was

positively correlated with the ERP responses, measured with the P3b component area

under the curve, to social stimuli and non-social stimuli presented in an oddball

paradigm. Social stimuli were slides of faces displaying positive or negative emotions,

and nonsocial stimuli were circles with arc removed or not. The targets, representing

20% of the trials in both conditions (i.e., the stimuli that the participants had to respond

to) were the positive emotions (joy and surprise) in the faces condition and circles with

an arc missing in the geometric condition. Segalowitz and his colleagues found that self-

reports of greater inhibition in social and nonsocial familiar situations were positively

related to P3b amplitude produced by both social (faces) and non-social stimulus

(circles). Surprisingly the relationship was specifically for the inhibition reported in
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familiar situations, not in unfamiliar situations. They concluded that this higher

incidence of negative arousal in familiar settings for some individuals may reflect a

higher vigilance towards novelty, or that the latter may trigger more negative emotions.

Overall, they found significant correlations between P3b and self-reported emotional

arousal as measured with the Situational Questionnaire. One of the objectives of the

present study was to attempt to replicate findings reported by Segalowitz and colleagues.

Another goal of the present study was to relate ERP components to Gray's model of

behavioral inhibition and activation.

Gray's Motivational Systems of Activation and Inhibition

Jeffrey Gray has formulated a model that describes how motivational systems

may govern behavioral inhibition and activation (Gray, 1972, 1982, 1987). Gray (1972)

found that the ingestion of small doses of anti-anxiety drugs, such as sodium amobarbital

or alcohol, changed rats' behaviors in that it made them less fearful and more

approaching. The behaviors of animals who were administered sodium amobarbital

were affected in a very selective manner: only behaviors regulated by conditioned

stimuli associated with punishment or non-reward signals were affected (i.e., decrease in

passive avoidance/extinction and partial reinforcement acquisition were delayed).

Behaviors regulated by reward or non-punishment cues were left unaffected (i.e.,

approach, active avoidance).

The Behavioral Inhibition System

Gray (1972) concluded from those results that anxiolitic drugs are antagonists to

a punishment system. He labeled this system the Behavioral Inhibition System (BIS)

(Gray, 1972). The activity of the BIS may constitute anxiety because the antagonizing
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action of anxiolitics on this system have reheving effects on feeUngs of anxiety, in

humans at least. Gray's theory assumes that the mechanisms underlying human anxiety

and the animal's reaction to anti-anxiety drugs are comparable. Gray's theory postulates

that the BIS acts in response to stimuli signaling punishment, non-reward, threat or

novelty by increasing attention, arousal and behavioral inhibition (Gray, 1972; 1982;

1987).

The BIS relies on neural structures that include the ascending reticular activating

system (ARAS) and limbic structures: the medial septal area, the Papez circuit and the

hippocampal formation (Gray, 1972). In Gray's model, the hippocampus is the structure

responsible for the inhibition of behaviors. Activity in this system leads to behavioral

inhibition by comparison of the incoming stimuli with stored representations. If a match

is found, the system functions in the checking mode. However, if the stimulus is novel

or aversive (signals of punishment or non-reward), activity in the BIS will interrupt the

ongoing motor program to allow the organism to further evaluate the stimulus, leading to

behavioral inhibition. The medial septal area has connections to the orbital firontal

cortex giving access to motor programs and language mediation (Gray, 1972).

The Behavioral Activation Svstem

Gray (1972, 1987) has also postulated the existence of an approach system that

is sensitive to signals of reward and non-punishment: the Behavioral Activation System

(BAS). This system includes structures such as the septal lateral bundle and the medial

forebrain and responds to signals of conditioned reward or non-punishement. Activity

in this system encourages approach behaviors that lead to increased exposure to desired

stimuli in the future. The BAS may also be linked to the ARAS (Gray and
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Smith, 1969 cited in Fowles, 1980). Although the reactivity of the BAS will be taken

into account, the role of the BIS in adults' personality is of primary concern in the

present study.

The Ascending Reticular Activating System (ARAS)

The reticular activating system receives projections from higher limbic structures

for coordinating motivated behaviors (Wallace, Magnuson & Gray, 1992). It innervates

the limbic system and includes NE projections from the locus coeruleus, cholinergic

projections from the nucleus basalis and laterodorsal tegmental nucleus, dopamine

projections from the ventral tegmental area and serotonine projections from the raphe

nuclei. The NE and cholinergic systems may be involved in selective attention

(Derryberry & Reed, 1994; Smith & Nutt, 1996).

The ARAS controls the general level of arousal or alertness and feeds into the

medial septal area, which has excitatory connections to the hippocampus (Gray, 1987).

The ARAS is responsible for increases in arousal and attention, preparing the organism

for approach or withdrawal. In Gray's model the ARAS is linked to both the BIS and

BAS. The sensitivities of the two motivational systems will determine which one will be

most reactive to the input from the ARAS. The BIS and BAS are presumed to be

distinct or independent systems; both could be in a state of high reactivity, low reactivity

or at any point in the balance.

Emergence of the BIS and BAS Systems and Attentional Abilities

Individuals may differ in their self-regulation and attentional abilities and

temperament may play a role in those differences (Rothbart & Posner, 1985).

Attentional abilities contribute to the selection of stimuli, the selection and production of
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responses, and reflect the self-regulation related to information processing.

Developmentally, the child gradually acquires self-regulation, or the possibility to inhibit

the activation of patterns and corresponding responses. Before 2 months of age, the

withdrawal-approach tendencies of the infants are dependent upon the intensity of the

stimulus. Stimuli of high intensity will create unpleasant feelings and may cause the

child to look away from the stimulus. Looking toward a given stimulus will depend on

an optimal level of intensity necessary to capture interest without causing displeasure

(Lawson & Tuckewitz, 1980; Lewkowicz & Tuckewitz, 1981 cited in Rothbart &

Posner, 1985).

At 2-3 months, the infant is able to control his or her motor activity and prepare

his or her responses before orienting (Rothbart & Posner, 1985). At this age, there is

also a decrease in distress due to overstimulation. At 6 months, infants can distinguish

between novel and familiar objects (Schaffer, 1975) but they reach equally toward novel

and familiar objects. At 7-9 months, there is an increase in self-regulation and

sensitivity to signs of punishment. More fears appear at that age, like a fear of strangers,

a fear of the visual cliff and separation anxiety (Emde, Gaensbauer & Harmon, 1976

cited in Rothbart & Posner, 1985). There is also more inhibition of approach responses:

infants will hesitate more than before to reach for the novel object, preferring the

familiar one. This stage in the child's development may reflect the emergence of the

BIS: It seems that behavioral inhibition and vigilance to possible sources of threat may

be developing at this age (Rothbart & Posner, 1985), along with the serotonergic system

and noradrenergic system, important for triggering behavioral inhibition (Gray, 1982).
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Infants' proneness to distress may reflect early temperamental differences among

infants (Rothbart, Posner,& Rosicky, 1994; Rothbart, Ziaie &0'Boyle, 1992). Attention

can be utilized to regulate negative affect. The regulation of distress consists of an

ability to shift attention from an internal state to an external stimulus. Infants who are

more susceptible to high levels of distress may possess less ability to move their

attention away from their internal sense of distress to an external source, as well as from

central to peripheral stimuli. They may also be particularly reactive to negative emotions

(Rothbart et al., 1994). Infants who seem to be more prone to distress, as assessed in the

laboratory, are less likely to look away from stimuli presented to them in the lab

(Rothbart et al., 1992). Also, Rothbart and her colleagues (1994) found that infants who

looked longer at new toys in the lab were rated as more fearftil in general by the mothers.

Looking away was positively related to frequency of smiling and laughter in the lab and

as rated by mothers. At 7 years of age, the children who looked longer when infants

were described by their mothers as displaying more sadness, discomfort and shyness.

Temperamental differences in attention seen at an early age may form the basis of

differential attentional processes in adulthood. It can be hypothesized that the allocation

of attention from individuals who are of the introverted-neurotic type (who may have

been children more prone to distress) will be influenced by attentional strategies linked

to temperament. Attention allocation to stimuli may be more focused and more intense,

reflected in greater attention allocation. These individuals are presumed to have a

greater BIS which promotes and focuses attention to threatening or novel stimuli. It is

possible that an oversensitive BIS is operating in anxious individuals, and interferes with

their need to redirect attention to a peripheral, less distressing stimulus. Highly anxious
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adults show ERP responses of greater amplitudes (Nl and P300) to threatening

information (Weinstein, 1995). It is possible that these individuals would also show

greater attention allocation in general, to other types of stimuli (e.g., neutral, socially-

relevant, novel).

Gray's Motivational Systems and Personality Dimensions

Gray has related the activity in the BIS and BAS to personality dimensions such

as Extraversion-Introversion (E-I), Neuroticism-Stability (N-S) and Psychotism

(Eysenck, 1967). Gray has also rotated the E-I and N-S dimensions 45 degrees giving

rise to dimensions of Anxiety and Impulsivity. Individuals high on the Anxiety

dimension are individuals who are high in Introversion and in Neuroticism. In Gray's

system, this is reflected in a greater BIS reactivity. Individuals high on the dimension of

Impulsivity are high in Extraversion and in Neurotiscism. The BAS is presumed to be

highly reactive in this case. Globally, the N dimension represents the overall

emotionality or the sum of the BIS and BAS reactivities while the E dimension reflects

the balance between the BAS and BIS sensitivities (Gray, 1987). Neuroticism reflects

the level of arousal of the ARAS feeding into the motivational systems (BIS and BAS).

For Eysenck (1967), the difference in behavior and reactivity between extraverts

and introverts comes from a difference in their optimal level of arousal in the brain stem

reticular formation (BSRP), which is part of the ARAS. According to his model, that

level is chronically lower in extraverts and higher in introverts. Therefore, extraverts

will tend to seek more stimulation to reach the optimal level of arousal because they are

underaroused, while introverts will avoid stimulation due to their arousal level that is

chronically too high i.e., they are overaroused. EEG studies assessing the level of
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arousal in introverted and extraverted individuals have found varied and inconsistent

results (Gale & Edwards, 1986). Sutton and Davidson (1997), using the BIS/BAS

Scales (Carver & White, 1994), found that greater left prefrontal EEG activation was

related to higher HAS score and greater right prefrontal activation related to greater BIS

scores. Left prefrontal asymmetry may be related to approach motivation while right

asymmetry may be related to withdrawal motivation (Davidson, 1994).

Gray's Motivational Systems and Event-Related Potentials

The present study investigated the effect of heightened or lowered reactivity of

the BIS on event-related potentials (ERP) and concentrated on a continuum of behavioral

inhibition where the BIS and BAS were evenly represented. Findings from the literature

are described and the hypotheses are formulated below.

The P3 Component and Personality Dimensions

Findings from studies relating ERPs to personality dimensions of Extraversion

and Neuroticism are varied and often inconsistent. Much of the variation may come

from the fact that the task characteristics are different thus the results of different studies

may not be directly comparable. In order to illustrate the characteristics of this literature,

I will mention only a few studies here.

In a two-tone auditory oddball task, Ditraglia and Polich (1991) found that P3

amplitude habituated faster for extraverts than for introverts. The amplitude of the P3 to

the targets decreased between block 1 and block 2 for extraverted but not for introverted

individuals. Cahill and Polich (1992) again in a two-tone auditory oddball task, varied

the probability of the target and found that: P3 amplitude was smaller for introverts in

general and latency was not affected by personality. Ortiz and Maojo (1993) found
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greater P3 amplitude for introverts than for extraverts and no differences in latencies in

an auditory oddball task.

Stenberg (1994) conducted a picture classification task requiring responses based

on color, semantic category or both. This type of task induces less habituation (that can

lead to gradual decay of attentional resources) and is less monotonous than oddball tasks.

Extraverts' performance seems to be more affected by those tasks characteristics than

introverts. If habituation is minimized and if the task requires more processing,

extraverts produce larger P3. In that study, the P3 amplitude increased with increasing

degrees of extraversion to both target and non-target. Introverted individuals had the

largest N2 amplitudes: this indicates that the smaller P3 was not reflecting a decrease in

attentive processing in introverted individuals.

Stelmack (1990) noted that there has been as much evidence in favor of

introverts displaying greater reactivity as in favor of extraverts 10 years after Eysenck's

theory was published (Eysenck, 1967). Stelmack also noted that the reasons underlying

the inconsistencies in the literature relied in methodology differences. Researchers have

to be careful in the choice of experimental tasks to find reliable differences related to

Extraversion. However, Eysenck's view, that introverts are overaroused, is dominant in

the psychophysiology literature. Stelmack and Houlihan's (1995) review of literature

found consensus for greater ERP amplitude for introverts to auditory stimuli of moderate

intensity (80Db) in oddball paradigms. In their review, these authors did not find any

differences reported in ERP amplitude for the Neuroticism dimension. Stelmack,

Houlihan and McGarry-Roberts (1993) found that the more neurotic individuals had

faster P3 latencies than less neurotic overall on simple cognitive tasks. Pritchard (1989)
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found a positive relationship between Extraversion and P300 latency in males only and a

negative relationship between Neuroticism and P300 latency in an auditory oddball

paradigm but did not find any effect for amplitude.

In Grray's model, the activation of the BIS leads to increases in attention, arousal

and behavioral inhibition. If P3 amplitude reflects attention allocation, it is predicted

that individuals with a more reactive BIS would display greater P3 amplitude. If the BIS

of those individuals is more reactive in general, then greater attention may be allocated

to stimuli in general, not just to threatening or novel ones.

Other ERP Components: Nl and Arousal

Early ERP components (PI, Nl, P2) represent more automatic types of

information processing (Campbell, Deacon-Elliott, Proulx & al., 1986), usually more

related to the physical attributes of the stimuli (intensity, frequency, rate of presentation)

than to their psychological significance. The latter is reflected in later components like

the N2, P3, N4 and slow-wave, representing controlled processes. Earlier components

may be generated in the sensory nerve, the spinal chord, the brainstem or the thalamus.

Nl is generated to auditory and visual stimuli and is maximal over the fronto-central

area. It may reflect arousal and selective attention at a more automatic level, that is

related to the sensory processing of the stimulus. If inhibited individuals are chronically

overaroused, they may have higher Nl amplitude (Eysenck, 1967; Segalowitz, Ogilvie &

Simons., 1990). However, according to Gray both highly reactive BIS and BAS may

have greater levels of arousal, if they are also neurotic. Greater Nl amplitude may be

especially apparent for individuals with reactive BIS because anxiety can be brought on

by the testing situation, presumably leading to BIS activation.
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Gray's Systems and Other Forms of Inhibition

Gray's model proposes a unitary inhibition system. A reasonable but rather

unexplored hypothesis is that a relationship may exist between BIS and BAS reactivities

as temperament or personality traits and other forms of inhibition or inhibitory systems.

Those other forms of inhibition include cognitive and motor inhibitory processes.

Cognitive and motor inhibition are carried out by interactions involving the

prefrontal lobes (Dempster, 1995) directly linked to the limbic structures on which the

prefrontal areas exert inhibition. Prefrontal functions include the selection and

regulation of behavior, the planning of behaviors, the resistance to interference and the

inhibition of previous responses (Dempster, 1992). These functions are involved in

resisting temptation or delaying gratification, motor inhibition and impulse control that

are all forms of behavioral inhibition (Hamishfeger, 1995). The prefrontal lobes also

regulate social and emotional reactions by inhibiting inappropriate actions through the

pathway linking the septal nuclei and amygdala to the thalamic nucleus, to the prefrontal

lobes (Eccles, 1989 cited in Bjorklund & Hamishfeger, 1995). In evolution, the control

over sexual and aggressive responses went from being subcortical (limbic system) to

being regulated cortically and intentionally by the prefrontal lobes. The connections

between the limbic system and the frontal lobes allow the latter to control impulses, i.e.

to inhibit instinctive responses that are not appropriate in the context. The connections

between the primitive, emotional brain and the modem, human prefrontal "thinking"

cortex make it likely that the inhibitory function of the prefrontal cortex exerts its

influence on the output of the limbic system (Bjorklund & Hamishfeger, 1995).
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Frontal Lobe and Limbic System

Important connections between the frontal lobe and the limbic system are

represented in two routes: the dorsal and ventral limbic routes. The dorsal route goes

from the cingulate cortex to the dorsomedial frontal cortex (Tucker & Liotti, 1989). This

system supports frmctions of emotional surveillance and actions that have emotional

significance. The limbic system is also connected to the supplementary motor area,

which is also interconnected to the cingulate cortex. The ventral route lies in the orbital

and lateral frontal areas. Functions related to learned emotional responses, integrated

with motor fiinctions are supported by this route. The connections between the orbital

frontal cortex and the ventral limbic structures like the amygdala seem to play an

important role in the experience of anxiety. Damage to orbital frontal areas results in

poor inhibition of impulses (Starkstein, Boston & Robinson, 1988) diagnosed as mania.

Conversely, an overactivity of the orbital frontal area may lead to anxious behavior

(Derryberry & Tucker, 1992) although that overactivity could also be the result of too

high levels of anxiety. Limbic areas may play an essential role in controlling

motivational impulses within the frontal lobes. The ventral route from the limbic system

may provide the orbital frontal area with a dose of anxiety necessary for effective

planning, anticipation and focused attention.

Motor Inhibitory Control

Learning to inhibit prepotent responses is important for the development of self-

regulation and the acquisition of a sense of control of the self towards the environment.

According to Bjorklund and Hamishfeger (1995), inhibitory control is involved in the

acquisition of object permanence, in the verbal control of behavior, in impulse and motor
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control, in memory and attentional functions in children. Stopping an ongoing response

is an internally and consciously generated act of control (Logan, 1994) and it involves

the frontal lobes. Developmentally, the child acquires that ability during the second half

of the first year as the frontal cortex is undergoing important neurophysiological changes

(Dawson, 1994).

The present study investigated the individual's propensity to respond and their

ability to inhibit those responses. More specifically, I investigated how motor inhibition

relates to temperamental or personality variables, according to Gray's model. It was

predicted that individuals with a more reactive BIS would have a stronger propensity to

inhibit their responses. Thus, BIS-reactive individuals should have a higher probability

of inhibiting in general and be able to do so within a shorter period of time than

individuals with a less reactive BIS. Their reaction time for responding should be longer

in general and the inhibition process should be faster than the response process. In

general, the individuals with a more reactive BAS should demonstrate more propensity

to respond since the BAS favors the execution of responses.

Cognitive Inhibition and Facilitation

Kagan's and Gray's work focused on the concept of behavioral inhibition. This

section describes a different form of inhibition, that may be related (Hamishfeger, 1995)

but that is distinct: cognitive inhibition. According to the dominant view in the

literature, selective attention requires that irrelevant stimuli be inhibited in order to focus

attention on the relevant targets (Bjorklund & Hamishfeger, 1995). Cognitive inhibition

refers to the selective attentional process involved in the suppression of the activation of

irrelevant information in the course of (or for the purpose of) paying attention to the
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relevant information. Cognitive inhibition of irrelevant stimuli, hence selective attention

to relevant stimuli, also involves effective resistance from interference. Interference

arises from irrelevant information that may also attract attention (Bjorklund &

Hamishfeger, 1995). Measures of cognitive inhibition include, for example, intrusions

in children's recall performance from irrelevant information where they remembered

more information that they were not supposed to pay attention to than older children or

adults (Bjorklund & Hamishfeger, 1990). These results indicate that the to-be-ignored

information has not successftilly been inhibited. Another example is skilled suppression

(Gemsbacher & Faust, 1995). It was demonstrated that upon presentation of an

ambiguous word, both meanings of the word are initially activated automatically but the

context-inappropriate word or the secondary meaning is subsequently inhibited. The

latter is no longer as available to consciousness while the primary meaning of the word is

still available. The Stroop and negative priming paradigms also rely on processes of

cognitive inhibition (Hamishfeger, 1995). In all those paradigms, the inhibited or to-be-

ignored information is removed or prevented from gaining access and occupying space

in working-memory (Bjorklund & Hamishfeger, 1990). Specific phenomena reflect

either cognitive inhibition, i.e., negative priming and resistance from interference or

cognitive facilitation, i.e., positive priming. These paradigms will be described in tum.

Negative Priming and Interference

Dalrymple-Alford and Budayr (1966) first demonstrated a phenomenon of

cognitive inhibition that is called Negative Priming (NP) (Tipper, 1985). It occurs when

a distractor, that the participants are instmcted to ignore, presented on the prime trial

along with the target stimulus becomes the target on the probe trial. Negative priming is
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said to occur when the reaction time to the probe is longer, if the target probe was the

distractor on the preceding trial (e.g., Tipper, 1985) than in conditions where the prime-

distractor and probe-targets are unrelated. Negative priming occurs because the

distractor was actively inhibited on the prime trial, and that inhibition caused the

response to that same stimulus, as a target on the probe trial, to take longer than if it had

been unrelated. There needs to be a release from inhibition of that stimulus before it can

be activated again.

Negative priming can occur on the basis of the identity of the stimulus (shape,

color) but also on the basis of its location, i.e., a previously ignored location will

generate longer reaction times if that is where the target subsequently appears. Location-

based NP and identity-based NP are similar processes but are not identical. It seems that

location-based NP may reflect a more automatic or primitive process, in terms of

evolution, and is less affected by aging (e.g. Hasher, Stoltzfiis, Zacks & Rypma, 1991)

than identity-based NP. Location-based NP may be a evolutionary process associated

with the functioning of the visual system, perhaps like inhibition of return where it takes

more time to orient to a previously attended location than to a previously unattended

location (Posner, Choate, Rafal & Vaughan, 1985). Identity-based NP seems more

interesting to investigate in relation to Gray's behavioral systems than location-based NP

because it seems to follow a different developmental course and to be less automatized.

Interference occurs when there are competing responses within a trial, i.e., when

the distractor and target require conflicting responses. It will take longer to respond to

the target if the distractors require a conflicting response than if they require the same

response as the target (e.g., press the same computer key to both stimuli). Whereas
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interference produces a longer RT because of conflicting response tendencies, NP is

reputed to act at the level of attention, that is before response selection (Neill, Valdes &

Terry, 1995).

To my knowledge, the relationship between temperament and negative priming

has not been studied extensively. Negative priming and anxiety have been investigated

by Fox (1994, experiment 2 and 3). In this study, all groups, high-anxious individuals,

low-anxious individuals and repressors (individuals who answer like low-anxious

individuals on anxiety questionnaire but show behavioral and physiological signs of

anxiety), demonstrated negative priming in a paradigm using semantically related words

(identity-based NP). When differences in cognitive inhibition are found between low

and high anxiety groups, it is with threat-related information (Mathews, May, Mogg &

Eysenck, 1990) or with location-based NP (Fox, 1984). Fox found less NP for high-

anxious individuals using threat-related words, especially under conditions of attentional

search.

The present study investigated the relationship between the sensitivity of Gray's

behavioral systems and cognitive inhibition using neutral stimuli and looking at identity-

based priming to investigate whether differences can be found. It was predicted that

individuals with more reactive BIS would display greater NP effect because we presume

that their inhibition systems in general are more efficient and more easily activated.

Positive Priming and Facilitation

Positive priming (PP) occurs when an attended stimulus that was presented first

(the prime) facilitates the processing of the subsequent stimulus (the probe). This will be

apparent across trials, when the target stimuli on the prime and probe trials are identical,
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in a faster reaction time compared to trials where the prime and probe targets are not

identical. Facilitation is reflected within trials in shorter reaction times to the probe

when the probe and prime targets are the same versus when they are not. Positive

priming can be seen as a general propensity towards responding, a readiness of the

organism to respond. In this sense, it would be concordant with the activation of the

BAS in Gray's model. Therefore, it was predicted that individuals with a more reactive

BAS would show greater PP and facilitation effects than those will less reactive BAS.

Cognitive Failures

High scores on the Cognitive Failures Questionnaire (CFQ) are positively

correlated with Neuroticism (Broadbent, Cooper, Fitzgerald, & al., 1982). Cognitive

failures are everyday failures of memory, attention and motor functions related to less

efficient inhibition systems. In the present study, I also investigated the relationship

between the amount of everyday cognitive failures and personality dimensions.

According to Gray's model, BIS-reactive individuals should report fewer cognitive

failures because their inhibition systems are presumed to be more reactive and more

efficient. If the BIS regulates all forms of inhibition, the BIS-reactive should have lower

scores on the CFQ.





Summary of Hypotheses

ERP Responses

The present study investigated the relationships between personality dimensions

of Neuroticism and Extraversion especially as they relate to BIS/BAS reactivities, and

the allocation of attention. Allocation of attention is operationalized by ERP responses

to various stimuli that should be relevant to BIS activation: to socially relevant stimuli

but also to neutral stimuli. Attentional allocation is measured with the amplitudes of the

P3b component of the event-related potentials (ERPs): greater amplitudes reflect greater

attention allocation. Social stimuli were pictures of faces presented in an oddball

paradigm and neutral stimuli were presented in standard visual and auditory oddball

tasks. Facial expression of emotions are interesting to use as social stimuli in this

condition because they are socially important and it can be hypothesized that inhibited

individuals will not react the same as less inhibited individuals to those stimuli. This

task allowed to see if we could replicate the findings from Segalowitz and colleagues

(1995).

Hvpothesis 1 : Individuals who are more inhibited or who

show higher BIS reactivity should display greater attentional

allocation to socially relevant stimuli and also to neutral

stimuli, i.e., greater P3b amplitudes, because their BIS is

presumed to be more reactive in general than less inhibited

individuals.
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Reactivity to novelty was assessed with the amplitude of the P3a component of

the ERPs in response to the presentation of novel visual stimuli: Greater P3a amplitudes

reflect greater reactivity. The novel stimuli were simple images and did not represent

any threat but the unexpectedness of their occurrence might have been sufficient to

trigger the presumed BIS activation.

Hvpothesis 2 : Individuals who are more inhibited or that

show a higher BIS reactivity should display greater initial

reactivity to stimuli that represent potential sources of threat,

i.e., novel stimuli in this case, producing an increased

physiological response ( greater P3a amplitude).

The Nl component of the ERPs is indicative of the arousal level (Segalowitz, et

al., 1990): Greater Nl amplitude indicates higher levels of arousal.

Hvpothesis 3 : Nl amplitude should be greater for individuals

with more reactive BIS or BAS since the ARAS feeds

directly into those systems, if they are also neurotic.

Individuals with a more reactive BIS may be especially

affected by the presentation of novel stimuli, since the BIS is

presumed to be activated by such stimuli.

Behavioral Responses

Motor inhibitory control was assessed with the Continuous Performance Tests

(CPT) and the Stop Signal paradigms (described below). These tasks gave measures of

the ability to inhibit responses as well as measures of reaction time.
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Hypothesis 4: The reaction time for responding should be

longer for more BIS-reactive individuals than for less BIS-

reactive individuals.

Hypothesis 5 : Individuals with a more reactive BIS should

have a stronger propensity to inhibit their responses. They

should have a higher probability of inhibiting in general and

be able to do so within a shorter period of time than

individuals with a less reactive BIS. More reactive BIS

individuals should also make fewer errors of commission.

Cognitive inhibition and facilitation were assessed with the Flanker paradigm

(Eriksen & Eriksen, 1974). Measures of negative priming, interference, positive priming

and facilitation were derived. Ifwe consider behavioral inhibition as a unitary system in

Gray's model, then cognitive inhibition should also be more efficient in more

behaviorally inhibited individuals.

Hypothesis 6a : More inhibited or BIS-reactive individuals wdll

display longer reaction times when negatively primed than less

inhibited individuals.

Hypothesis 6b : More inhibited or BIS-reactive individuals will

display a greater interference effect than less inhibited

individuals. This will be reflected in longer reaction times to

trials with interference.

Hypothesis 6c : Individuals with a more reactive BAS should

show greater positive priming and facilitation effects because the
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BAS favors and initiates approach behavior. This will be

reflected in shorter reaction time for trials with positive priming

or facilitation.

The score on the CFQ relates to failures of attention, memory and motor

functions in everyday life. It has been found to be positively correlated with the

Neuroticism score on the Eysenck Personality Questionnaire (Broadbent et al., 1982). A

greater score on the CFQ is related to less efficient inhibitory systems in attention,

memory and motor functions.

Hvpothesis 7: In Gray's model, if BIS-reactive individuals

have a more active or more efficient inhibition system, they

should also have fewer cognitive failures related to inhibition

processes. This hypothesis was more exploratory.
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METHOD

Participants

The first step of this study was to administer a set of questionnaires in the

Introductory Psychology course, to first year undergraduate students. The questionnaires

used were the BIS/BAS scales (Carver & White, 1994) and the Situational Questionnaire

(Rose-Krasnor, 1993) (see Appendices A and B). The questionnaires were administered

as part of a lecture in the beginning of the term. These along with other questionnaires

were administered and the students were informed that they were free to respond or not

and that those questionnaires may be used as part of a variety of studies. If they agreed

to be contacted for further participation in any of the studies, they were asked to put their

name and phone number on their questionnaire. Six hundred and forty-four individuals

completed the questionnaires, 411 of them agreed to be contacted for further

participation (63.8%).

BIS/BAS Scales

The BIS/BAS Scales (Carver and White, 1994) (see Appendix A) comprises 20

items, using a 4-point Likert scale (where l=strong agreement and 4=strong

disagreement). This questionnaire was designed specifically to measure the sensitivities

of Gray's motivational systems, the Behavioral Inhibition System (BIS) and the

Behavioral Activation System (BAS). This questionnaire is made up of one BIS scale

containing seven statements related to the anticipation of punishment and of three BAS

scales: the Reward Responsiveness (five items), the Drive (four items) and the Fun

Seeking subscales (four items). More scales were included for the BAS because of the
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absence of consensus on what the BAS sensitivity represents; however, this is not the

case for the BIS (Carver & White, 1994), i.e, there is more of a consensus on what it

represents. This questionnaire demonstrated strong correlations with the other measures

assessing the characteristics of the same system, i.e, independent measures that assess

BIS sensitivity such as the Manifest Anxiety Scale (Taylor, 1953), Negative Affect Scale

of the PANAS, Negative Temperament of the General Temperament Survey,

MacAndrews and Steele BIS measure, were correlated with the BIS scale while not

correlated with the BAS scales. Measures assessing BAS sensitivity (Extraversion scale

from Eysenck & Eysenck, 1985, the Positive Affect Scale of the PANAS and the

Positive Temperament of the General Temperament Survey) were correlated with the

BAS scales and not with the BIS scale (Carver & White, 1994). In the present study, it

was of interest to investigate what kind of correlations would emerge with questionnaires

that have not yet been correlated with the BIS/BAS scales (NEO-PI-R, Situational

Questiormaire). For the purpose of this study, scores on the BIS and BAS Scales were

used to represent the BIS and BAS reactivities of Gray's model, respectively.

Situational Questionnaire (SO)

The SQ (Rose-Krasnor, 1993) (see Appendix B) is made up of 16 statements

related to unfamiliar and familiar settings, and to social and nonsocial situations. This

questionnaire assesses the balance between positive and negative emotional responses

encountered in those situations and settings. Negative emotions are presumably related

to more inhibited behaviors while positive emotions reflect approach tendencies. To

each of the statements, the respondents had to indicate how anxious/nervous, fearful,

excited, calm, embarrassed and happy they would feel or typically respond in that
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particular setting or situation on a 5-point Likert scale where l=extremely felt and 5=no

emotion felt. This questionnaire was first used for an Honours Thesis at Brock

University (Rae, 1994) and in the study that I intended to replicate here (Segalowitz et

al., 1995).

This initial questionnaire administration was intended in part to select

participants, on the basis of their scores on the BIS/BAS Scales, to take part in the study.

Materials and Procedures

Participants were contacted by telephone. Those who were called and still agreed

to participate were asked to come to the lab, on two occasions, for the second part of the

study. Over the phone, brief information was given to them about the purpose of the

study and what participation would involve. When participants came to the lab, they

signed a consent form (on both occasions) (see Appendices C and D). On the first visit,

participants were asked to fill out a series of personality trait and state questionnaires.

They are described below. These questionnaires took no more than 50 minutes to fill out

in total. The State measures of the PANAS and the STAI were administered on the

second session, before starting the tasks.

State and Trait Anxiety Inventory (STAI)

The STAI (Spielberger, 1983) (see Appendices E and F) was used to assess the

contribution of State versus Trait dimensions of anxiety on performance on the tasks and

the effect of the experimental situation on state anxiety. The State measure consists of

20 items describing how someone may feel (calm, secure, upset, tense, etc.). The

respondent indicated, on a 4 point scale, if they feel that way not at all or very much so

at the present moment (Appendix E). The Trait measure consists of the same 20 items
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and 4-point scale, however the respondent must indicate how they feel in general

(Appendix F).

Positive and Negative Affect Scales (PANAS)

The PANAS (Watson, Clark & Tellegen, 1988) (see Appendices G and H) is

made up of 20 adjectives, describing how someone may feel (interested, irritable,

attentive, hostile, etc.). Respondents indicated how they feel on a 5-point scale (from

very slightly or not at all to extremely). The state version of this scale was given to fill

out in order to assess the particular mood of the participant at the start of the second

session. The trait version of the scale was administered along with the other

questionnaires on the first session. The instructions were either you feel this way right

now, that is, at the present moment for the state measure (Appendix G) or you generally

feel this way, that is, how youfeel on the average for the trait measure (Appendix H).

Medical Historv Checklist

This questionnaire (Appendix I) was administered in order to check for any

health problems, medication, use of alcohol and caffeine, head injury, etc. that may

affect performance. Respondents were simply instructed to check the items that apply to

them presently or that applied to them in the past.

Eysenck Personality Questionnaire (EPQ)

This questionnaire was developed by Eysenck and Eysenck (1975) (see Appendix

J). The scales of greatest interest to the present study were Extraversion and Neurotism,

but the whole questionnaire was administered. This questionnaire was important to

include in the present study for replicability reasons. The vast majority of the studies in

the literature on personality and psychophysiology have used the Eysenck Personality
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Inventory or the EPQ to assess personality. Furthermore, Eysenck's personality

dimensions are the dimensions that Gray linked to his motivational systems. The

questionnaire comprises 90 questions to which respondent must respond with Yes or No.

NEO-PI-R (E and N scales)

Another personality questionnaire, the NEO-PI-R (Costa & McRae, 1992) (see

Appendix K) was administered, along with the EPQ in order to provide us with another

widely used measure of personality. The complete version of this questionnaires

contains 240 statements. For the purpose of the present study, only the Extraversion and

Neurotism scales were administered. These scales comprise 48 items each for a total of

96 items. Respondent were instructed to respond on a 5 point scale, indicating whether

they strongly disagree or strongly agree with each statement.

Cognitive Failure Questionnaire (CFQ)

The CFQ (Broadbent et al., 1982) (see Appendix L) contains 25 items describing

common situations where individuals may be distracted or forgetful, with a five point

Likert scale where 4=very often, 3=quite often, 2=occasionally, l=very rarely and

0=never. It was designed to assess everyday life and self-reported failures in perception,

memory and motor functions (Broadbent et al., 1982).

On the second visit to the lab, participants were asked to complete as series of

computer-generated tasks. Participants sat at a computer in a comfortable chair in the

presence of the researcher. Participants were instructed to respond using computer keys.

The tasks are described below. Event-related potentials (ERP) were gathered for the

Auditory Oddball, the Visual Oddball, the Visual Novels and the Facial Expression
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tasks. Behavioral tasks (no ERP gathered) were administered first, and are described

first.

Behavioral Tasks

Continuous Performance Tests (CPT)

The CPT tests (Robertson, Manly, Andrade et al., 1997) were used to get

measures of motor inhibition and reaction time. There are 3 types of CPT tasks

(Simple, Press and Withhold). In all three tasks described below, single digits ranging

from to 9 were presented on the computer screen sequentially. The participants were

instructed to respond to stimuli of particular identities. The responses were performed

with the dominant hand and involved pressing the space bar on the computer keyboard

when the target stimuli appeared. Speed and accuracy were equally stressed. The

particular sequence of digits varied from one task to the other to avoid learning of the

sequences. Completion of all 3 CPT tasks took about 10 minutes.

In the first condition (Simple reaction time^, participants were simply instructed

to respond (press the space bar) every time a digit appears on the screen. This was used

as a simple reaction time measure. Digits stayed visible for 250 milliseconds. In this

case only, the interstimulus interval was varied randomly in order to avoid automated

responding within the range of 500 to 1500 milliseconds. There were 46 trials

(including 6 practice trials at the beginning).

The second condition (Press) required that the participants respond to one digit

and withhold responding to all the others. Digits were presented for 500 milliseconds

with an interstimulus interval of 1000 milliseconds. One thousand milliseconds were

allowed for response time. Participants were instructed to respond upon seeing the
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number '9' on the screen only and withhold responding the rest of the time. There were

165 trials (including 5 practice trials at the beginning) with 20% of them containing the

digit requiring a response. The other digits (0 to 8) were equally represented in the

remaining 80% of the trials

In the last condition (Withhold), participants were instructed to press the space

bar to all digits except to the number '9'. Digits were presented for 500 milliseconds

with an interstimulus interval of 1000 milliseconds. Thus, 1000 milliseconds were

allowed for response time. There were 165 trials (including 5 practice trials at the

beginning) with 20% of them containing the digit requiring withholding of the response

(the number '9'). The other digits (0 to 8) were equally represented in the remaining

80% of the trials. The number of errors (if pressed to 9) made on this task gave us an

indication of the ability to inhibit.

Stop Signal Paradigm

The Stop Signal paradigm, developed by Logan and Cowan (1984), has great

potential to investigate behavioral inhibition in the context of Gray's theory. It is a dual

task paradigm that requires the subject to withhold a prepotent response to a visual

stimulus when a tone is heard. The tone only occurs on 25% of the trials, therefore the

person has a strong propensity to respond. The probability that the response will be

successfully inhibited depends, among other things, on the interval between the stop

signal (the tone) and the onset of the primary stimulus. It also depends on the

individual's mean reaction time. The closer the stop signal is to the mean reaction time

(i.e, the shorter the time allowed for a response), the higher the probability of responding

despite the stop signal tone. The race model postulates that the inhibition (stop) process
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and the activation (go) process are racing each other i.e., if the behavior is inhibited the

stop process has won the race, while if the behavior is not inhibited, the go process has

won the race. There is a point of no return where the response can no longer be

inhibited. Stop and go processes are independent processes and the sums of their

probabilities add up to what Logan (1994) calls the inhibitory function. The Stop Signal

Reaction Time (SSRT) reflects the individual's ability to inhibit a prepotent response. It

is calculated by subtracting the average of the Stop Signal Delay for the trials where a

stop signal occurred and the participants successfully withheld their response (or true

negative) and the trials where they responded (false alarms) from the Primary Reaction

Time (PRT) (Logan, Schachar and Tannock, 1997).

The Primary Task.

In the present study, the primary task was a forced-choice discrimination task

where horizontal arrows (pointing to the left or to the right) were flashed on the screen

sequentially and the participants were required to respond to every arrow by pressing one

of two computer keys (a key on the left for the arrow pointing left and a key on the right

for the arrow pointing to the right). The two types of arrows occurred equally often.

After the onset of a fixation point lasting 500 milliseconds, an arrow was presented for

100 ms, then it disappeared and the screen was blank for 1.5 second, then the following

arrow appeared and so on. The participants were allowed 1.3 seconds to respond to

every trial. Participants were instructed to leave their fingers on top of the two computer

keys for the duration of the task. Speed and accuracy were equally stressed.
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Practice Trials

There was one block of practice trials (37 trials). The primary task was presented

along with 800 Hertz tones lasting 100 ms at various intervals. However, the

participants had not yet been instructed to withhold their responses to the occurrence of a

tone; they were instructed to ignore the tones on the practice trials. The tones occurred

on 25% of the practice trials (9 trials). The practice trials took 1.5 minutes to be

completed. Practice trials were used to get the participants accustomed to the task and

the mean reaction time on the practice trials was compared to the mean reaction time on

the test trials. This gave us an indication of the change in reaction time that can occur

when the individual is in a situation where they must inhibit some of their responses

versus when they are not required to inhibit their responses.

Test Trials

There were 12 blocks of test trials (32 trials per block) for a total of 432 trials.

On 25% of the trials (108 trials), a tone of 800 Hz, 60 db, 100 ms duration occurred,

generated through a speaker fed through the computer. The participants were instructed

that they had to inhibit their response to the visually presented arrow in the event that a

tone occurred on that trial. In order to avoid having participants anticipate a stop signal

and withhold responses more often than required (be more inclined to inhibit than to

respond), they were asked not to wait for stop signals because they would not occur

often, and they were told that the task was designed so that sometimes they would be
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able to inhibit the response and sometimes they would not. The tones occurred equally

as often on left arrow trials as on right arrow trials. The test trials took approximately 1

5

minutes to complete. The reaction time on the trials where no stop signal occurred (the

Go trials) was used to calculated the Primary Reaction Time (PRT).

Stop Signal Delays

Stop signal delays were placed in relation to the onset of the primary stimulus

according to Logan and colleagues (1997) descriptions; i.e. move back and forth by

increments of 50 ms to maintain 50% probalility level of inhibition (given a Stop

Signal), starting at 1 50 ms.

Flanking Paradigm

This task allowed us to get measures of positive priming, negative priming,

facilitation and interference. The flanking display that we used was a variation of the

Eriksen Flanker task (Eriksen & Eriksen, 1974) and was made up of an horizontal row of

five letters (e.g., SSHSS). The middle letter was the target letter to which the

participants responded. They were instructed to ignore the two peripheral letters on each

side of the target. These distractor letters were of the same identities within a trial. One

trial consisted of a couplet, i.e. the presentation of two set of 5 letters. The first set was

the prime trial and the second the probe trial. Participants had to respond to both sets in

each trial. Both the prime and probe trials were presented for 300 ms, with an

interstimulus interval between them of 1000 ms. The interval between the presentation

of couplets was of 1750 ms. A fixation cross appeared between the prime and probe and

during the intertrial interval.
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There were 2 different target letters: H or S. These target letters appeared equally

as targets and as distractors. There was also a third letter, an X, that could appear in the

distractor's position, but that was not associated with a response. The participant was

instructed to respond to the target by pressing the corresponding key (press either the H

or S key; stickers were placed on the f and j keyboard keys, to represent H and S,

respectively). There were 168 prime-probe couplets (336 test trials, and 48 practice

trials). The task was divided in two sections, to give a break to participants after a few

minutes (we had the participant do the Stop Signal task in between). Within each

section, the task was broken down in 4 parts to allow the participants to rest: they were

instructed to press a computer key when they were ready to continue. Overall, the task

took about 20 minutes to be completed.

Event-Related Potential (ERP) Tasks

Participants also performed other computer-generated tasks with an electrode cap

on (Electro-Cap) to gather ERP data. Using the 10-20 electrode placement system

(Jasper, 1958), electrodes were applied to the following sites: a gold-cup electrode was

applied on the right mastoid as the ground; referred to linked ears where 2 tin electrode

clips (from Electro-Cap) were attached to the ear lobes; 2 gold electrodes to monitor for

eye movements (bipolar, one on the outer canthus and one supraorbital); 1 1 active EEG

electrodes at midlines sites (Fz, Cz, Pz) and lateral sites (F3, F4, F7, F8, P3, P4, T5, T6

). The data gathered from the lateral sites were not anayzed for this study because

evaluation of the Nl and P3 components only requires data from the midline sites. The

midline sites are located on the scalp along the axis going from the top of the nose

(nasion) to the bone on the back of the head (inion): Fz (frontal) is located 30% of
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that distance above the forehead, Cz (central) is at midpoint and Pz (parietal) is more

towards the back of the head, 30% of the distance above the inion. Two electrodes were

applied to gather heart rate data during the completion of the ERP tasks. They were

placed on the sides of the rib cage for most participants, they were placed on the

subclavicle and sternum for a few. The heart rate data were not analyzed for this study

either but will be analyzed as part of another study.

EEG was amplified with a gain of 40000, with a time constant of Is and an upper

frequency cutoff of 30 Hz. Digitizing was done at 256 points per second, using a 12 bit

A-D converter (InstEP Systems). ERPs were averaged off line. Measures of amplitude,

latency or area under the curve for components (Nl, PI, P2, N2, P3) were derived.

Stimuli were presented using InstEP Systems. Participants responded to the

stimuli appearing on the screen by pressing the space bar. They were instructed to be as

immobile as possible and to try not to blink at the same time as pressing the key, but they

should try to blink after responding. There were four distinct tasks (described below).

The order of presentation of the tasks was the same for everyone.

Auditory Oddball

Auditory stimuli were presented one at a time, sequentially from a speaker

hooked onto the computer. Stimuli were presented at a rate of one every 1.5 second and

each stimulus lasted 100 milliseconds. The participants were told that there would be

two different stimuli presented and the two tones were presented to them before doing

the task: one was a 800 Hertz tone, 60 db and the other was a 1500 Hertz tone, 60 db.

The participants were instructed to respond to the 1500 Hertz tone by pressing the space

bar when it occurred and not respond to the other tone (800 Hertz). There were 200
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trials, 20 % of which were targets (40 trials). This task took approximately 5 minutes to

complete.

Visual Oddball

Visual stimuli were presented one at a time, sequentially on the computer screen.

They were presented at a rate of one every 1.5 second and each stimulus stayed visible

for 300 milliseconds. There were two different stimuli presented: a square and a cross

(black line drawings on white background). The participants were instructed to respond

upon seeing the cross, (the target) by pressing the space bar and not to respond to the

presentation of the square (non-target). There were 200 trials, 20% of which were

targets (40 trials). This task took approximately 5 minutes to complete.

Visual Oddball with Novels

The Visual Oddball task was presented again and the participants were again

instructed to respond to the cross by pressing the space bar and not to respond to the

square. Also, embedded in the trials were "surprise" or novel images. The participants

were told that they may see other images but that they should not respond to them.

These images were taken from the InstEP images directory (black line drawing on white

background). They were chosen randomly, making sure that no category was more

represented than another (e.g., cactus, guitar, pipe, baby, cat, etc.). There were 300 trials,

13% of which were targets (the cross) (40 trials) and 73% were non-targets (the square)

(220 trials). The novel images constituted 13% of the trials (40 trials) and occurred

equally often after target and non-target trials. This task took approximately 5 minutes

to complete.





61

Facial Expressions Oddball Task

Pictures effaces were presented sequentially on the screen at a rate of one per 1 .5

seconds and stayed visible for 500 ms, at which point the face only disappeared leaving

the background constant. The faces were outlined in black, on a white background. The

pictures were from Ekman and Friesen (1976) and were presented using InstEP. Four (2

male and 2 female models) different identities of the models displaying 5 facial

expressions, either positive (joy, surprise) or negative (anger, fear, disgust) were chosen

for presentation. The targets were positive emotions of joy and surprise. The

participants had to respond to the target emotions by pressing the space bar, otherwise

withholding the response. There were 196 trials, with 20% (40 trials) of them being the

target emotions (divided equally into joy and surprise). The negative emotions were also

equally represented on non-target trials. This task was completed in about 5 minutes.

Before doing the task, participants were shown the pictures (printed on paper) and asked

to identify the emotions depicted. This was done in order to familiarize them with the

pictures.

Data Analysis

Behavioral Tasks

From the CPT tasks data, the general mean reaction time was calculated using the

reaction time on the Simple and Press conditions. The number of errors on the Withhold

condition was computed to assess motor inhibitory control. The mean reaction time on

the Withhold condition was also calculated to compare it to the reaction time on the

Simple RT condition and Press condition.
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Trials for the Stop Signal task were divided into three equal sections. This was

done in order to account for a practice or habituation effect. The stop signal reaction time

(SSRT) or the time needed to stop given a stop signal was calculated for these three

blocks. It consisted of the Primary reaction time (PRT) for the block minus the average

of the Stop Signal Delay (SSD) for the trials where a stop signal occurred and the

participants successfully withheld their response (true negative) and the SSD for the

trials where they responded (false alarms). The SSRT was used as an indication of the

time needed to inhibit a response.

Of the 168 couplets in the Flanker task, 72 gave a measure of NP, 72 of PP and

24 were neutral. NP couplets consisted of couplets where the prime distractors were the

same as the probe target while in PP couplets, the target on the prime and probe were

identical. The NP and PP trials, each gave three measures to derive: pure NP or pure PP,

NP or PP with facilitation on the probe trial and NP or PP with interference on the probe

trial (24 trials for each condition). The neutral condition consisted oftwo unrelated trials

(a couplet) with no interference or facilitation (XXHXX, XXSXX). The reaction time

(RT) on the neutral condition was subtracted from that of NP couplets to get a measure

of pure NP; and from that of PP couplets to get a measure of pure PP. Facilitation

measures were derived by subtracting RT on Pure NP from RT on NP+Faciliation trials

(for NP facilitation effect) and by subtracting RT on Pure PP trials from RT on

PP+facilitation trials (for PP facilitation effect). The interference effect was calculated

by subtracting RT on Pure NP from RT on NP+hiterference (to get a NP interference

effect) and by subtracting RT on Pure PP from RT on PP+Interference (to get a measure

of PP interference).
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ERP Data Reduction and Analyses

ERP target trials were averaged using programs from our Lab. First, all files

(auditory, visual, novels and facial expressions tasks) were averaged using an eye

correction program that allowed the user to manually regress out the effects of eye

movements from scalp channels. If eye blinks or movement artifact occurred in the

portion of the wave between the presentation of the stimulus and approximately 500 ms,

the trial was rejected. If eye blinks or movement artifact occurred in the later portion of

the wave, the eye channel was regressed out of the EEG channels and the trial was

accepted. Accepted trials were then analyzed with a program for calculating area under

the curve for the Facial Expression task. Area under the curve was used for this task

because the stimuli used were complex (faces) and area provides a more stable measure

than scoring the amplitudes of the components; also, area needed to be used in order to

properly replicate Segalowitz and colleagues (1995). Area under the curve for every 50

ms bins (250-1500 ms) after stimulus onset was calculated for Fz, Cz, Pz scalp sites for

targets and non-targets. For the Auditory, Visual and Novels Oddball tasks, the

amplitudes and latencies ofERP components (Nl, P2, N2, P3a, P3b) were scored for the

midline sites using a computer-aided peak detection program. Data were entered into

SPSS to perform statistical analyses.
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RESULTS

The Initial Sample of Participants

The descriptive statistics for the BIS/BAS and Situational Questionnaires scales

and subscales for the original sample of 644 participants are presented in Table 1.

Participants were aged between 17 and 39 years old with a mean age of 19.95

{SD=2.1A). About 72% of the participants were females (n=463).

The HAS scale is made up of three subscales, the Fun-Seeking, Reward and

Drive subscales. The Situational Questionnaires (SQ) contains subscales relating to

inhibition in unfamiliar nonsocial, familiar nonsocial, unfamiliar social and familiar

social situations. These subscales are also combined to create indexes of inhibition to

familiar, nonsocial, social and unfamiliar situations. Greater scores on the inhibition

indexes reflect a greater influence of negative emotions compared to the positive

emotions. The intercorrelations between the questionnaires scales and subscales are

presented in Table 2. The strongest correlations were found among the subscales of the

SQ. The BIS scale correlated positively with subscales from the SQ. Note that the

correlations were significant for subscales of inhibition to unfamiliar situations, where

greater BIS was associated with greater inhibition and did not correlate with subscales

of inhibition to familiar situations. The BAS scale related negatively to all 4 subscales

of the SQ: where greater BAS was associated with less inhibition.

Personality State and Trait Measures for the Selected Participants

Thirty-six undergraduates females students were selected from the original

sample to represent full continua on the BIS and BAS scales. Females only were
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selected because of the greater proportion of females in the Introductory Psychology

course (approximately 73% of the 644 respondent and 76% of those who agreed to

further participation). Individuals with scores ranging from high to low inhibition on

the BIS scale were selected. Those values were determined by dividing the distribution

in 3 equal group. Low BIS scores were between 11 and 21, medium scores ranged

between 22 and 24 and high BIS scores were between 25 and 28. We also chose

individuals to represent the full continuum on the BAS scale, so that the chosen BIS

continuum was evenly distributed between high, medium and low on BAS reactivity.

Low BAS scores were between 20 and 38, medium scores ranged between 39 and 43

and high BIS scores were between 44 and 52. There were 13 individuals selected in the

low BIS category, 10 in the medium BIS, 13 in the high BIS. Twelve were in the low

BAS category, 13 in the medium BAS and 1 1 in the low BAS. This was a 3x3 design

(low, med, high BIS by low, med, high BAS) with a mean of 4 individuals in each of the

cells (with a range of 3 to 5 individuals in each cell). Note that since the participants

were selected to represent continua on the BIS and BAS scales, the distribution is not

representative of the population and the effect size may be exaggerated.

Selected participants' ages ranged from 19 to 28 years old (M=19.89, SD=\. 74).

Descriptive statistics for the questionnaire measures of personality trait and state are

provided in Table 3. Again, the subscales for the Situational Questionnaire were divided

in various ways to illustrate different aspect of inhibition: inhibition to unfamiliar

nonsocial situations (unf.ns), to familiar nonsocial (fam.ns), to unfamiliar social

(unf.soc), to familiar social (fam.soc), to social (social), to unfamiliar (unfam), to

familiar (familiar) and to nonsocial (nonsocial) situations.
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Intercorrelations between the questionnaires trait and state measures are

presented in Table 4. The BIS scale did not correlate with the global BAS scale (r=-.09,

n.s.) as well as with the BAS subscales (Fun-seeking, Reward and Drive) as expected

(r=-.21, n.s.; r=.25, n.s.; r= -.09, n.s., respectively). The BAS scale, the EPQ-

Extraversion and the NEO-PI Extraversion scales were all intercorrelated. Along the

same line, the Neurotism scales on the EPQ and NEO-IV, trait anxiety, trait negative

affect and the BIS scale were all correlated with each other. The subscales of the

Situational Questionnaire were also intercorrelated. These intercorrelations are

presented in Table 5. The correlations between the Situational subscales and the other

personality trait and state questionnaires are presented in Table 6. Interestingly, the BIS,

Neuroticism, Trait Anxiety, Trait Positive (negatively) and Negative Affect and

Extraversion-EPQ (negatively) were especially significantly correlated with inhibition in

unfamiliar social and with inhibition to unfamiliar nonsocial situations. State Negative

Affect was significantly and positively correlated with inhibition in unfamiliar and

familiar social situations (r=.53,/7=.001; r=.40,/?=.02, respectively).

Factor Analvsis

High intercorrelations and the great number of predictors for the personality

variables led to perform a factor analysis on the personality trait measures in order to see

if the number of predictors could be reduced by forming composite scores. The

following variables were used for the factor analysis: BIS scale, NEO-Neurotism, EPQ-

Neurotism, Trait Anxiety, Trait Negative and Positive Affect, Inhibition to unfamiliar

nonsocial, to familiar nonsocial, to unfamiliar social and to familiar social situations,

BAS scale, NEO-Extraversion and EPQ-Extraversion. The factor analysis yielded 3
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factors. The results from the factor analysis are presented in Table 7. The first factor,

Neuroticism-Anxiety (N) was composed of the BIS scale, the EPQ Neuroticism scale,

the NEO-PI Neurotism scale, Trait Anxiety and Trait Negative Affect scores with

loadings of .66, .87, .89, .86 and .87, respectively. The four subscales of the Situational

Questionnaire had high loadings on factor 2, Situational Questionnaire (SQ). The

loading were .82, .65, .75 and .83 for unf.ns, unf soc, fam.soc, and fam.ns, respectively.

The third factor, Extraversion (E) consisted of the BAS scales, the EPQ Extraversion

scale and the NEO-PI Extraversion scale with loadings of .91, .91 and .74, respectively.

Trait Positive Affect did not have high loadings on any of the 3 factors: -.34 on factor 1,

-.42 on factor 2 and -.03 on factor 3 so it was not included in any of the factors. The

personality scores were transformed into Z scores and the mean was computed to create

each factor. Most of the subsequent analyses were done using the three factors (N, SQ

and E) instead of the separate personality variables.

Thus, in this study, the N factor represented BIS reactivity and the E factor

reflected BAS reactivity since the BIS/BAS scales, respectively, were included in those

factors. Intercorrelations among the factors and the measures of State are presented in

Table 8. The N and SQ factors were significantly correlated to each other (r=A5,p<.0\)

where greater N was associated with greater SQ: the E and SQ factors were marginally

related (r=-.32, p=.06) where greater E was associated with less SQ. State Negative

Affect was positively correlated with N and SQ {r=A5,p<.0\ and r=.36, j!?=.03): greater

negative affect was related to greater N or SQ.
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Statistical analyses were performed for the hypotheses and are presented in turn.

Descriptive statistics, correlational and regression analyses are described for each

hypothesis and task.

To test the hypotheses, hierarchical regression analyses were used. The

Neuroticism and Extraversion factors were entered first as a set because they are the

most important predictors in our model, i.e., they represent BIS and BAS reactivities.

The Situational Questionnaire factor was entered on the next step in order to see if it

accounted for any unique variance over that accounted for by the N and E factors. On

the third step, the State measures (State Positive Affect, State Negative Affect and State

Anxiety) were entered as a set. This allowed us to see if State accounted for any

additional variance, once the effects of Trait on performance had been accounted for.

Finally, on the last step, the interaction of interest was entered: Neuroticism by

Extraversion. Results for the ERP tasks are described first, followed by the results for

the behavioral tasks.

ERP Tasks

Hvpothesis 1 : Attention Allocation (PBb)

The present study investigated the relationships between personality

characteristics and how they relate to BIS/BAS reactivities and the allocation of attention

to various stimuli. Attention allocation is reflected in a greater amplitude for the P3b

component of the ERPs. It was hypothesized that individuals who have a more reactive

BIS would display greater attentional allocation to stimuli that are important in the

evaluation of a social situations (facial expressions), as well as to neutral stimuli (visual

and auditory oddballs) than less inhibited individuals.
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Reactivity to neutral stimuli was measured with the amplitude and latencies of

the P3b component to the Auditory and the Visual Oddball tasks. The amplitudes and

latencies for the Auditory Oddball and the Visual Oddball tasks were scored using a

peak-detection program and are reported below for the midline sites (Fz, Cz and Pz).

For the Facial expressions Oddball task, attentional allocation is measured with the area

under the curve of the P3b component of the ERPs. Area under the curve amplitudes for

the P3b component was initially computed for 4 bins of 300 milliseconds each, going

from 300 milliseconds to 1500 milliseconds for the midlines sites. Two individuals

were omitted from all the ERP analyses because of EEG noise, in one case, and the

setting of a wrong time constant, in another case (so maximum n=34). There were 2

individuals who indicated that they had epilepsy. They were not taken out of the

analyses because their inclusion did not change the results.

Auditory Oddball

Data from 3 more individuals were omitted from the analyses either because of

hearing aid use (n=2) or because of outlier scores (n=l) on at least one of the variables of

interest (more than 3 SD from the mean). Table 9 presents the descriptive statistics for

amplitude and latencies at the midline sites for the Auditory Oddball task. P3b

amplitude was greatest at the central site (M=13.73, SD=5.S2) followed by the parietal

site (M=13.44, SZ>=4.21). Mean latencies for P3b ranged between 326.56 ms (at Pz) to

338.54 ms (at Fz). An ERP plot of the grand average for the group is presented in Figure

1. Table 10 presents the correlations between the P3b amplitude and latencies and the 3

factors yielded by the factor analysis. The correlations with the State measures are also

presented in that table. The P3b amplitude at Fz was significantly and negatively
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correlated with the N factor (r=-.42, p=.02) and with the SQ factor (r=-.40, p=03). The

SQ factor was also significantly correlated with P3b amplitude at Cz (r=-.38, p=.04).

State Negative Affect was negatively correlated with the P3b amplitude at Fz (r=-.36,

p=.05) and at Cz (r=-.41, p=.02). Greater State Negative Affect was associated with

smaller amplitudes at those sites. Longer P3b latencies were associated with a greater

score on the SQ factor (indicating greater inhibition) at the Fz and Cz sites (r=A4,p=.0l

and r=A2, p=.02, respectively).

Table 11 presents the correlations between P3b amplitudes and latencies and all

individual personality trait measures. There were significant negative relationships

between the P3b amplitude at Fz and the BIS score (r=-.37, p<.05), the Neuroticism

score on the NEO-PI (r=-.38, p=.04), Trait Anxiety (r=-.41, /?=.02), inhibition to

unfamiliar nonsocial situations (r=-.40,p=.03), inhibition to nonsocial situations

(r=-.38,/7=.04), to social situations (r=-.37,/>=.04) and to unfamiliar situations

(r=-.40, p=.03). The inhibition to familiar situations was marginally related to P3b

amplitude at Fz (r=-36, p=.06): Greater inhibition was related to smaller P3b

amplitudes. At Cz, fewer relationships were significant but all were going in the same

direction as in Fz. Greater inhibition to unfamiliar and social situation were related to

smaller P3b amplitudes at Cz and Pz sites (r=-37,p=.04; r=-3l,p=.09), although it was

not significant at Pz. P3b latencies and the scores on the inhibition scale were positively

related: Greater inhibition was related to longer P3b latencies. These positive

relationships were especially apparent for the inhibition to familiar nonsocial situations

(r=A7,p=.0l; r=.48,/7=.01 and r=A4,p=.02 at Fz, Cz and Pz, respectively).
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The regression analyses (see Tables 12 to 14), predicting the P3b amplitude for the

Auditory Oddball task, consisted of entering N and E on the first step, SQ on the second

step, the 3 State measures on the third step and the interaction (N*E) on the fourth step.

The analyses involved using the P3b amplitude at Fz, Cz and Pz sites as the dependent

variables. The analyses using the latencies at Fz, Cz and Pz as the criterion measures are

presented in the last section of results.

P3b Amplitude at Fz. In this analysis, the P3b amplitude at Fz was used as the

criterion variable (see Table 12). The first step was not significant (Fchange(2,27)=2.97

,

p=.01; for N: 5r=-.40, p=.03 and for E: sr=.06, n.s.) but the N factor accounted for a

significant portion of unique variance (16%) at the point of entry: greater N is associated

with a smaller P3b amplitude. The SQ factor, entered on the following step, was not

significant {Fchange (1, 26)=1.47, n.s., sr=-2\). The State measures, entered next, were

not significant (Fchange{3, 23)= 1.28, n.s.). The interaction was also not significant

(Fchange (1, 22)=1.00, n.s.). (Multiple i?^=.36, F(7, 22)=1.80, n.s.).

P3b Amplitude at Cz . In this analysis, the P3b amplitude at Cz was used as the

criterion variable (see Table 13). The first step was not significant {Fchange(2,27)=\ .74,

n.s.', for N: sr^-.33, p=.OS and for E: sr=.02, n.s.). The N factor accounted for most

unique variance (1 1%) at the point of entry, although it did not reach significance with

greater N being associated with a smaller P3b amplitude. The SQ factor, entered on the

following step, was not significant (Fchange (1, 26)=1.86, n.s., sr=-.24). The State

measures, entered next, were not significant (Fchange(3, 23)=2.46, p=.09). The

interaction was also not significant (Fchange (1, 22)=.03, n.s.). (Multiple i?^=.38, F (7,

22)=1.88,«.5.).
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P3b Amplitude at Pz . In this analysis, the P3b amplitude at Pz was used as the

criterion variable (see Table 14). The first step was not significant (Fchange(2,27)=A0,

n.s.; for N: sr=-A6, p=n.s; and for E: sr=-.08, n.s.). The SQ factor, entered on the

following step, was not significant {Fchange (1, 26)=3.65, /7=.07, sr=-35). The State

measures, entered next, were not significant (Fchange(3, 23)=.87, n.s.). The interaction

was also not significant {Fchange (1, 22)=.ll, n.s.). (Multiple R^^24, F (7, 22)=.99,

n.s.).

Visual Oddball

Descriptive statistics for the Visual Oddball's P3b amplitude to target stimuli are

presented in Table 15. P3b amplitude was greatest at the central site (M=20.92,

5'D=19.99) followed closely by the parietal site (M=19.99, SI>=6.46). Mean latencies for

P3b ranged between 379.74 ms (at Pz) to 386.60 ms (at Fz). An ERP plot of the grand

average for the group is presented in Figure 2.

Table 16 presents the correlations between the P3b amplitude and latencies and

the 3 factors yielded by the factor analysis and with the State measures. A significant

negative correlation was found between the SQ factor and the P3b amplitude at Fz

(r=-.44, />=.01) where greater inhibition was related to smaller amplitudes. The

correlations at the Cz and Pz sites were non-significant but also negative. P3b latencies

at Cz were positively related to SQ (r=.39, p=.02) where a greater score on Inhibition

was related to longer latencies. Again, the correlations for the other sites, Fz and Pz

were also positive but not significantly related with SQ.

Correlations between the P3b amplitudes and latencies and the individual personality

trait measures are presented in Table 17. Like in the Auditory Oddball, the significant
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correlations were found between P3b amplitudes and latencies and subscales of the

Situational Questionnaire, especially for inhibition to familiar social and to unfamiliar

social situations (r=-.52, p<.0\ and r=-.40, p=.02 at Fz). Global index of inhibition to

familiar (r=-.49, p<.Ol at Fz) and to social (r=-.49, p<.01 ) indicated that greater

inhibition in those situations was related to smaller P3b amplitudes. Correlations

between P3b latencies and inhibition to familiar nonsocial situations were significant and

positive at all sites (r=.35, p=.05; r=.50, p<.0\ and r=39, p=.02 at Fz, Cz and Fz,

respectively). Note that the individual subscales contributing most to P3b amplitude

(inhibition to social) were different from the subscales contributing most to latency

(inhibition to nonsocial). Overall, relationships with P3b amplitudes were negative

(greater inhibition was associated with smaller amplitudes) and relationships with P3b

latencies were positive (greater inhibition was associated with longer latencies). Similar

trends were seen with correlations between the P3b amplitude and BIS, Neuroticism-

NEO and Neuroticism-EPQ, although they were not significant.

The regression analyses (see Tables 1 8 to 20), predicting the P3b amplitude for the

Visual Oddball task, consisted of entering N and E on the first step, SQ on the second

step, the 3 State measures on the third step and the interaction (N*E) on the fourth step.

The analyses involved using the P3b amplitude at Fz, Cz and Pz sites as the dependent

variables. The analyses using the latencies at Fz, Cz and Pz as the criterion measures are

presented in the last section of results,

P3b Amplitude at Fz . In this analysis, the P3b amplitude at Fz was used as the

criterion variable (see Table 18). The first step was not significant {Fchange (2,

30)=1.89, n.s.\ for N: 5r=-.33, /?=.06 and for E: sr=-.12, n.s.). The N factor accounted
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for most unique variance (11%) although it was not significant where greater N was

associated with smaller P3b amplitudes. The SQ factor, entered on the following step,

was significant (Fchange (1, 29)=5.21,p=.03, sr=-37): A greater score on the SQ factor

was related to smaller P3b amplitudes at Fz where the SQ factor accounted for 14% of

unique variance. The State measures, entered next, were not significant {Fchange(3,

26)=.72, n.s.). The interaction was also not significant (Fchange (1, 25)=.33, n.s.).

(Multiple R^=3l,F(l, 25)=1.63, n.s.).

P3b Amplitude at Cz . In this analysis, the P3b amplitude at Cz was used as the

criterion variable (see Table 19). The first step was not significant (Fchange (2, 30)=.72,

n.s.; for N: sr=-Al, n.s. and for E: sr=-.17, n.s.). The SQ factor, entered on the

following step, was not significant (Fchange (1, 29)=2.29, n.s., sr=-.26). The State

measures, entered next, were not significant (Fchange (3, 26)=.73, n.s.). The interaction

was also not significant (Fchange (1, 25)=1.95, n.s.). (Multiple R^=.24, F (7, 25)=1.15,

n.s.).

P3b Amplitude at Pz . In this analysis, the P3b amplitude at Pz was used as the

criterion variable (see Table 20). The first step was not significant (Fchange (2, 30)=.57,

n.s.; for N: sr=-.\0, n.s. and for E: sr=-.]8, n.s.). The SQ factor, entered on the

following step, was not significant (Fchange (1, 29)=2.30, n.s., sr=-.21). The State

measures, entered next, were not significant (Fchange (3, 26)=.71, n.s.). The interaction

was also not significant (Fchange (1, 25)=2.59, n.s.). (Multiple R^=.25, F (7, 25)=1.21,

n.s.).
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Facial Expressions

The ERP areas to the presentation of faces were divided into four 300 ms bins

(from 300 to 1500 ms post-stimulus). Table 21 presents the descriptive statistics for

these four 300 ms bins to the targets in the Facial expressions task (positive emotions).

Note that the bulk of the positivity occurred between 300 and 900 ms. Area amplitudes

were greatest for the 300-600 and 600-900 ms bins at the central (6.76|iv and 7.93 ^iv)

and parietal sites (9.01 nv and 6.02 |iv). Data from 1 individual were omitted from the

analyses because the score on the 400-800 ms bin was more than 3 SD from the mean.

Descriptives statistics for the same four bins to the non-targets faces are presented in

Table 22. An ERP plot of the grand average for the group is presented in Figure 3.

Visual examination of the data revealed that the highest amplitudes were found

between 400 and 800 milliseconds, thus analyses were performed using the 400-800 ms

bin as the criterion variable. The descriptive statistics for that bin are presented in Table

23 for the targets and for the non-targets. Mean amplitudes to the targets were greatest at

Pz (9.09 |iv), followed closely by the mean amplitude at Cz (9.04 \iv). The correlations

between the 400-800 ms bins and the three personality factors and State measures are

presented in Table 24 for the targets and the non-targets. The strongest (non-significant)

negative correlations were found between the 400-800 ms bin and the Extraversion

factor at Cz and Pz (r=-.25, p=.\l\ r=-.33, />=.06) where greater Extraversion was

associated with smaller area between 400-800 ms to the targets. Also, a greater score on

the SQ factor was associated with smaller area at Fz for the 400-800 ms bin (r=-.31.
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/?=.08). There was a significant correlation between State Positive Affect and the area at

?z(r=-35,p=.04).

Correlations between the 400-800 bin and individual personality trait measures were

also obtained and are presented in Table 25 for the targets and non-targets. Again, it was

measures of Extraversion that were most strongly related to that bin for the target at the

Pz site. Area under the curve was related to Extraversion on the NEO-PI (r=-.37, /?=.03),

to Trait Positive Affect (r=-.40, p=.02) and to the BAS-Fun-seeking subscale (r=-.37,

p=.03) where greater Extraversion or BAS was associated with a smaller area between

400-800 ms post-stimulus at Pz. Interestingly, the CFQ score was positively related to

the target area, significantly at Cz and Pz (r=.35, p=.05, r=A6, p=.0\) indicating that a

greater incidence of self-reported cognitive failures was associated with greater area to

targets in the 400-800 ms bin.

For the regression analyses, the area between 400-800 ms at Fz, Cz and Pz was used

as the criterion measure. The regression analyses (see Tables 26 to 28 ), consisted of

entering N and E on the first step, SQ on the second step, the 3 State measures on the

third step and the interaction (N*E) on the fourth step.

Fz 400-800 ms Area Under the Curve . In this analysis, the area at Fz between

400-800 ms was used as the criterion variable (see Table 26). The first step was not

significant (Fchange (2, 29)=1.37, n.s.; for N: sr=-21, n.s. and for E: 5r=-.18, n.s.). The

SQ factor, entered on the following step, was not significant {Fchange (1, 28)=3.01,

/7=.09, sr=-30) although it accounted for most unique variance (9%). The State

measures, entered next, were not significant {Fchange (3, 25)=.09, n.s.). The interaction
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was also not significant {Fchange (1, 24)=.01, n.s.). (Multiple i?^=.19, F (7, 24)=.78,

«.5.).

Cz 400-800 ms Area Under the Curve . In this analysis, the area at Cz between

400-800 ms was used as the criterion variable (see Table 27). The first step was not

significant {Fchange (2, 30)=1.20, n.s.\ for N: sr=-.\2, n.s. and for E: sr=-27, n.s.). The

SQ factor, entered on the following step, was marginally significant (Fchange (1,

29)=3.91,/?=.06, sr=-.33), accounting for 11% of unique variance where greater SQ was

related to smaller area under the curve. Once SQ was entered, the Extraversion factor

accounted for a significant portion of unique variance (13%) (sr=-.3 6, p=.04) suggesting

a suppressor effect. The State measures, entered next, were not significant {Fchange (3,

26)=.95, n.s.). The interaction was also not significant {Fchange (1, 25)=.77, n.s.).

(Multiple R^=.29,F{7, 25)=1.43, n.s.).

Pz 400-800 ms Area Under the Curve . In this analysis, the area at Pz between

400-800 ms was used as the criterion variable (see Table 28). The first step was not

significant {Fchange (2, 30)=1.81, n.s.; forN: sr=.Ol,p=n.s and for E: sr=-.32, p=.OS).

The E factor accounted for most unique variance (10%) although it was not significant

where greater Extraversion was related to smaller area. The SQ factor, entered on the

following step, was not significant {Fchange (1, 29)=1.81, n.s., sr=-.23). Once SQ was

entered, the Extraversion factor accounted for a significant portion of unique variance

(14%) {sr=-.37, p=.04) again suggesting a suppressor effect. The State measures,

entered next, were not significant {Fchange (3, 26)= 1.42, n.s.). The interaction was also

not significant {Fchange (1, 25)=1.16, n.s.). (Multiple i?^=.31, F(7, 25)=1.60, n.s.).
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Hypothesis 2: Response to Novelty (P3a)

It was hypothesized that individuals who are more inhibited or that show a higher

BIS reactivity would display greater initial reactivity to stimuli that represent potential

sources of threat, e.g., novel stimuli, producing an accentuated physiological response.

This reactivity was assessed with the P3a component of the ERPs in response to the

presentation of novel visual stimuli where greater P3a amplitude indicates a greater

physiological response. Descriptive statistics for the amplitudes and latencies of the P3a

to the presentation of the Novel stimulus are presented in Table 29. Mean amplitudes

were greatest at Cz (12.92 \i\) and at Pz (12.83 |av). Latencies ranged from 414 ms (Fz)

to 421 ms (Pz). Surprisingly, the latencies of the P3a to the presentation of the novel

stimuli were longer at all sites than the latencies to the targets in the same task (that

ranged from 397 ms at Pz to 402 ms at Fz, see Table 30) or to targets in the Visual

Oddball task (that ranged from 380 ms at Pz to 387 ms at Fz, see Table 15). T-test

analyses were performed to verify that those differences in mean latencies across tasks

were significantly different from one another. Results showed significant differences in

all comparisons but one, between latencies to Novels stimuli and targets: in the Novels

task (r(32)=-1.47, p=A52; ^(32)=-2.34, p=.02; r(31)=-3.04, p=.005 for Fz, Cz and Pz

sites, respectively) and in the Visual Oddball task (r(31)=3.35, p=.002; r(31)=4.07,

p<.00l; /(30)=4.85,p<.001 for Fz, Cz and Pz sites, respectively). Figure 4 and 5 present

the ERP grand averages for the group to the targets and to the novel stimuli in the

Novels task.
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The correlations between the P3a ampUtudes and latencies and the 3 personality

factors and State measures are presented in Table 31. P3a amplitudes and the SQ factor

were negatively related, where greater inhibition was related to smaller P3a amplitudes

(r=-.35, p=.04; r=-39, p=.02 and r=-.30, p=.09 at Fz, Cz and Pz, respectively). State

Negative Affect was negatively related to P3a amplitudes (r=-.30, j!7=.08; r=-.36,p=.04

and r=-.37, p=.03 at Fz, Cz and Pz, respectively). P3a latencies were not related to the

factors or to the State measures. The correlations between the P3a amplitudes and

latencies for the individual personality trait scales and subscales are presented in Table

32. Trait Positive Affect was positively correlated with the P3a amplitude at Fz (r=.38,

p=.02) where greater trait positive affect score was related to greater P3a amplitude.

None of the Extraversion or Neuroticism measures related significantly to P3a

amplitude. The subscales of the SQ yielded negative significant correlations with P3a

amplitude. Especially worth noting was the correlations with the unfamiliar social (r=-

.35, p=.04', r=-44, p=.Ol and r=-.37, p=.03 at Fz, Cz and Pz, respectively), familiar

social (r=-.46, /7<.01; r=-.47, /7<.01 and r=-Al,p=.02 at Fz, Cz and Pz, respectively)

and the social subscales (r=-.43,/7=.01; r=-A9, p<.Ol and r=-A2,p=.02 at Fz, Cz and

Pz, respectively). Overall, greater inhibition in social situations was related to smaller

P3a amplitudes. For the correlations with P3a latencies, the Fun-Seeking subscale of the

BIS/BAS Scales was correlated with latency (r=.34, /?=.05) where a greater score on

Fun-seeking in related to longer latencies.

The P3a amplitudes at Fz, Cz and Pz were used as the criterion measures in

regression analyses. The regression analyses (see Tables 33 to 35), consisted of entering
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N and E on the first step, SQ on the second step, the 3 State measures on the third step

and the interaction (N*E) on the fourth step.

P3a AmpUtude at Fz. In this analysis, the P3a ampUtude at Fz was used as the

criterion variable (see Table 33). The first step was not significant {Fchange (2, 31)=.51,

n.s.\ for N: sr=-.\6, n.s. and for E: 5r=-.10, n.s.). The SQ factor, entered on the

following step, was significant {Fchange (1, 30)=4.48, p=.04, sr=-36). The SQ factor

accounted for a significant portion of unique variance (13%) once the N and E factors

have been accounted for: greater SQ was associated with smaller P3a amplitude at Fz.

The State measures, entered next, were not significant {Fchange (3, 27)=.70, n.s.). The

interaction was also not significant {Fchange (1, 26)=.58, n.s.). (Multiple R =.24, F (7,

26)=1.14,«.5.).

P3a Amplitude at Cz . In this analysis, the P3a amplitude at Cz was used as the

criterion variable (see Table 34). The first step was not significant {Fchange (2, 31)=.81,

n.s.\ for N: sr=-.22, n.s. and for E: 5r=-.03, n.s.). The SQ factor, entered on the

foUov^ng step, was significant {Fchange (1, 30)=4.05, /?=.05, ^r=-.34). The SQ factor

accounted for a significant portion of unique variance (11%) once the N and E factors

have been accounted for; greater SQ was associated with smaller P3a amplitude at Cz.

The State measures, entered next, were not significant {Fchange (3, 27)=.97, n.s.). The

interaction was also not significant {Fchange (1, 26)=1.54, n.s.). (Multiple R^=.29, F (7,

26)=l.49, n.s.).

P3a Amplitude at Pz . In this analysis, the P3a amplitude at Pz was used as the

criterion variable (see Table 35). The first step was not significant {Fchange (2, 30)=.46,

n.s.; for N: sr=-.ll, n.s. and for E: sr=-.03, n.s.). The SQ factor, entered on the
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following step, was not significant (Fchange (1, 29)=2.35, n.s., sr=-21). The State

measures, entered next, were not significant {Fchange (3, 26)=1.51, n.s.). The

interaction was also not significant {Fchange (1, 25)=2.68, n.s.). (Multiple R^=3\, F (7,

25)=1.60,«.5.).

Hypothesis 3: Arousal flSll)

The Nl amplitude is used as an index of arousal and results are presented for the

Auditory, Visual and Novels tasks. If the Nl component of the ERPs is indicative of the

arousal level (Segalowitz et al., 1990), it should be of greater amplitude for individuals

with either highly reactive BIS or BAS since the ARAS feeds directly into those systems.

Individuals with a more reactive BIS should be even more affected by the presentation of

novel stimuli (higher Nl amplitude), because of the anxiety that it may generate. In the

present study, we would expect the N factor to be related to greater Nl amplitude since

N reflects greater arousal in Gray's model. Results for the Nl amplitude for the

Auditory Oddball, for the Visual Oddball and for the Visual Novels tasks are presented.

Auditory Oddball

Table 36 presents the descriptive statistics for the Nl amplitudes and latencies

for the Auditory Oddball. Greatest amplitudes (more negative) were found at Cz (-8.09

\i\) followed by Fz (-7.61 |iv) and Pz (-5.19 |iv). Latencies ranged between 132.79 ms

(at Pz) and 136.56 ms at (Fz).

Correlations between the Nl amplitudes and latencies and the three personality

factors and State measures are presented in Table 37. A significant correlation was

found between the latency at Pz and State Anxiety (r=.46, /?=.01) where greater State

Anxiety was associated with longer latencies. The correlations with the individual
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personality trait measures are presented in Table 38. Amplitudes were not significantly

related to any of the personality measures. For the relationships between Nl latencies

and personality, significant negative correlations were found with subscales of the

Situational Questionnaire, especially with familiar social (r=-A6, p=.0\; r=-A4, p=.02

and r=-.33,/?=.08 at Fz, Cz and Pz, respectively): Greater inhibition was related to faster

Nl latencies.

The Nl amplitudes at Fz, Cz and Pz were used as the criterion measures in

regression analyses. The regression analyses (see Tables 39 to 41) for the Auditory

Oddball task, consisted of entering N and E on the first step, SQ on the second step, the

3 State measures on the third step and the interaction (N*E) on the fourth step.

Nl Amplitude at Fz. In this analysis, the Nl amplitude at Fz was used as the

criterion variable (see Table 39). The first step was not significant (Fchange (2, 26)=.01,

n.s.; for N: sr=.02, n.s. and for E: 5r=-.01, n.s.). The SQ factor, entered on the following

step, was not significant {Fchange (1, 25)=1.43, n.s., sr=.23). The State measures,

entered next, were not significant (Fchange (3, 22)=1.28, n.s.). The interaction was also

not significant (Fchange (1, 21)=1.31, n.s.). (Multiple R^=.24,F(7, 21)=.96, n.s.).

Nl Amplitude at Cz. In this analysis, the Nl amplitude at Cz was used as the

criterion variable (see Table 40). The first step was not significant (Fchange (2, 26)=.41,

n.s.; for N: sr=-.lO, n.s. and for E: sr=-.l6, n.s.). The SQ factor, entered on the

following step, was not significant (Fchange (1, 25)=.96, n.s., sr=A9). The State

measures, entered next, were not significant (Fchange (3, 22)=1.90, n.s.). The

interaction was also not significant (Fchange (1, 21)=.91, n.s.). (Multiple R^=.29, F (7,

2\)=l.22,n.s.).
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Nl Amplitude at Pz . In this analysis, the Nl amplitude at Pz was used as the

criterion variable (see Table 41). The first step was not significant {Fchange (2,

27)=1.57, n.s.; for N: sr=-.05, n.s. and for E: sr=-32,p=.09). The SQ factor, entered on

the following step, was not significant {Fchange (1, 26)=.72, n.s., sr=.\6). The State

measures, entered next, were not significant {Fchange (3, 23)=2.50, p=.09). The

interaction was also not significant {Fchange (1, 22)=.64, n.s.). (Multiple 7?^=.36, F (7,

22)=1.77,«.5.).

Visual Oddball

Table 42 presents the descriptive statistics for the Nl amplitudes and latencies

for the Visual Oddball. Greatest amplitudes (more negative) were found at Pz (-3.09 \xw)

followed by Fz (-2.48 |av) and Cz (-2.06 \x\). Latencies ranged between 143.56 ms (at

Fz) and 153.93 ms at (Pz). Correlations between the Nl amplitudes and latencies and

the three personality factors and State measures are presented in Table 43. The

Neuroticism factor yielded significant correlations with Nl amplitudes (r=-.35, /7=.05;

r=-.39, /7=.03 and r=-.35, ;7=.05 at Fz, Cz and Pz) where greater Neuroticism was

associated with greater Nl amplitudes. For the latencies, only the measure of State

Positive Affect was related to Nl (r=-.35,/>=.05; r=-.44,/?=.01 and r=-.32, j^=.08 at Fz,

Cz and Pz) where greater state positive affect was related to faster latencies. The

correlations with the individual personality trait measures are presented in Table 44. Nl

amplitudes were negatively related to measures that make up the Neuroticism factor

(Neuroticism on the NEO, Trait Anxiety and Trait Negative Affect): a greater score on

Neuroticism measures was associated with higher Nl amplitudes. None of the other

personality measures yielded significant correlations. There were no significant
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correlations between Nl latencies and personality trait measures for the Visual Oddball

task.

The Nl amplitudes at Fz, Cz and Pz were used as the criterion measures in

regression analyses. The regression analyses (see Tables 45 to 47) for the Visual

Oddball task, consisted of entering N and E on the first step, SQ on the second step, the

3 State measures on the third step and the interaction (N*E) on the fourth step.

Nl Amplitude at Fz. In this analysis, the Nl amplitude at Fz was used as the

criterion variable (see Table 45). The first step was not significant {Fchange (2,

29)=2.27, n.s.\ for N: 5r=-.37,/7=.04 and for E: 5r=-.13, n.s.). However, the N factor

accounted for a significant portion of unique variance (13%) when entered first (with the

E factor) where greater Neuroticism was associated with greater Nl amplitudes (more

negative value). The SQ factor, entered on the following step, was not significant

{Fchange (1, 28)=.03, n.s., 5r=-.03). The State measures, entered next, were not

significant {Fchange (3, 25)=.58, n.s.). The interaction was also not significant

{Fchange (1, 24)=.38, n.s.). (Multiple R^=2\, F (7, 24)=.88, n.s.).

Nl Amplitude at Cz . In this analysis, the Nl amplitude at Cz was used as the

criterion variable (see Table 46). The first step was significant {Fchange (2, 29)=3.58,

j[7=.04; for N: 5r=-.43, p=.02 and for E: sr=-22, n.s.). The N factor accounted for a

significant portion of unique variance (19%) when entered first (with the E factor):

greater Neuroticism was associated with greater Nl amplitudes. The SQ factor, entered

on the following step, was not significant {Fchange (1, 28)=.44, n.s., sr=.\\). The State

measures, entered next, were not significant {Fchange (3, 25)=.06, n.s.). The interaction
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was also not significant {Fchange (1, 24)=.003, n.s.). (Multiple R^=22, F (7, 24)=.94,

n.s.).

Nl Amplitude at Pz. In this analysis, the Nl amplitude at Pz was used as the

criterion variable (see Table 47). The first step was not significant {Fchange (2,

29)=2.63, p=.09; for N: 5r=-.38, /7=.03 and for E: 5r=-.18, n.s.). However, the N factor

accounted for a significant portion of unique variance (15%) when entered first (with the

E factor): greater Neuroticism was associated with greater Nl amplitudes. The SQ

factor, entered on the following step, was not significant {Fchange (1, 28)=.02, n.s.,

5r=-.02). The State measures, entered next, were not significant {Fchange (3, 25)=1.3,

n.s.). The interaction was also not significant {Fchange (1, 24)= 1.11, n.s.). (Multiple

i?^=.30,F(7,24)=1.48,«.5.).

Novels

Table 48 presents the descriptive statistics for the Nl amplitudes and latencies to

the Novel stimuli in the Novel Visual Oddball task. Greatest amplitudes (more negative)

were found at Fz (-3.24 ^iv) followed by Cz (-3.17 \i\) and Pz (-3.03 \iv). Latencies

ranged between 153.32 ms (at Cz) and 165.70 ms at (Pz). Correlations between the Nl

amplitudes and latencies and the 3 personality factors and State measures are presented

in Table 49. None of the factors or State measures yielded significant correlations with

Nl amplitudes or latencies. The correlations with the individual personality trait

measures are presented in Table 50. Again, none of the individual personality measures

yielded significant correlations with Nl amplitudes or latencies. No regression analyses

were performed using the Nl amplitudes to the novels.
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Exploratory: P3b Latencies

Auditory Oddball

The regression analyses (see Tables 51 to 53) for the P3b latencies to the

Auditory Oddball task, consisted of entering N and E on the first step, SQ on the second

step, the 3 State measures on the third step and the interaction (N*E) on the fourth step.

P3b latencies at Fz, Cz and Pz were used as criterion variables.

P3b Latency at Fz . In this analysis, the P3b latency at Fz was used as the

criterion variable (see Table 51). The first step was not significant (Fchange (2, 27)=.09,

n.s.; for N: sr=.OS, n.s. and for E: 5r=-.01, n.s.). The SQ factor, entered on the following

step, was significant {Fchange (1, 26)=8.34, /?<.01, sr=A9). The SQ factor accounted

for a significant portion of unique variance (24%), over and above factors N and E:

greater SQ was related to longer P3b latency at Fz. The State measures, entered next,

were not significant {Fchange (3, 23)=1.08, n.s.). The interaction was also not

significant {Fchange (1, 22)=1.14, n.s.). (Multiple R^=.37,F{7, 22)=1.87, n.s.).

P3b Latency at Cz . In this analysis, the P3b latency at Cz was used as the

criterion variable (see Table 52). The first step was not significant {Fchange (2, 27)=. 1 1,

n.s. ; for N: sr=.06, n.s. and for E: sr=-.05, n.s.). The SQ factor, entered on the following

step, was significant {Fchange (1, 26)=6.85, /7=.02, sr=.46). The SQ factor accounted

for a significant portion of unique variance (21%), over and above factors N and E:

greater SQ was related to longer latency at Cz. The State measures, entered next, were

not significant {Fchange (3, 23)=.61, n.s.). The interaction was also not significant

{Fchange (1, 22)= 41, n.s.). (Multiple R^=.29,F{7, 22)=1.26, n.s.).
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P3b Latency at Pz . In this analysis, the P3b latency at Pz was used as the

criterion variable (see Table 53). The first step was not significant {Fchange (2, 27)=.05,

n.s.\ for N: sr=M, n.s. and for E: sr=M, n.s.). The SQ factor, entered on the following

step, was significant {Fchange (1, 26)=4.91,/7=.04, sr^AQ). The SQ factor accounted for

a significant portion of unique variance (16%), over and above factors N and E: greater

SQ was related to longer P3b latency at Pz. The State measures, entered next, were not

significant {Fchange (3, 23)=.36, n.s.). The interaction was also not significant

{Fchange (1, 22)=1.60, n.s.). (Multiple R^=.25,F{1, 22)=1.07,p=.41).

Visual Oddball

The regression analyses (see Tables 54 to 56) for the Visual oddball task,

consisted of entering N and E on the first step, SQ on the second step, the 3 State

measures on the third step and the interaction (N*E) on the fourth step. P3b latencies at

Fz, Cz and Pz were used as criterion variables.

P3b Latency at Fz . In this analysis, the P3b latency at Fz was used as the

criterion variable (see Table 54). The first step was not significant {Fchange (2, 29)=.31,

n.s.; for N: sr=.l4, n.s. and for E: sr=.05, n.s.). The SQ factor, entered on the following

step, was not significant {Fchange (1, 28)=.78, n.s., sr=.\6). The State measures,

entered next, were not significant {Fchange (3, 25)=.21, n.s.). The interaction was also

not significant {Fchange (1, 24)=.003, n.s.). (Multiple R^=.07, F (7, 24)=.26, n.s.).

P3b Latency at Cz . In this analysis, the P3b latency at Cz was used as the

criterion variable (see Table 55). The first step was not significant {Fchange (2, 29)=.59,

n.s.; for N: sr=.\9, n.s. and for E: sr=-.02, n.s.). The SQ factor, entered on the following

step, was not significant {Fchange (1, 28)=1.45, n.s., sr=.22). The State measures.





entered next, were not significant {Fchange (3, 25)=.20, n.s.). The interaction was also

not significant {Fchange (1, 24)=.40, n.s.). (Multiple R^=.\2, F (7, 24)=.48, n.s.).

P3b Latency at Pz . In this analysis, the P3b latency at Cz was used as the

criterion variable (see Table 56). The first step was not significant {Fchange (2,

29)=1.95, n.s.\ for N: sr=30, n.s. and for E: 5r=.23, n.s.). The SQ factor, entered on the

following step, was not significant {Fchange (1, 28)=.06, n.s., sr=.^A). The State

measures, entered next, were not significant {Fchange (3, 25)=.08, n.s.). The interaction

was also not significant {Fchange (1, 24)=.12, n.s.). (Multiple R^=.n, F (7, 24)=.53,

n.s.).

Other ERP Components rP2. N2)

Tables 57 to 59 present the descriptives statistics for the P2 and N2 amplitudes

and latencies for the Auditory Oddball, Visual Oddball and the Novels, respectively.

Since none of the hypotheses pertained to P2 and N2, no further analyses are presented.

Behavioral Tasks

Hypothesis 4: Reaction Time

The measures used for evaluating simple RT were the block of practice trials on

the Stop task and CPT-simple RT task (press to all digits). The upper part of Table 60

presents the descriptive statistics for the reaction time for the CPT-simple reaction time

condition, for the CPT-Press condition and for the CPT-withhold condition. One

person's score on the CPT-withhold condition was omitted from the analyses because of

extremes values (more than 3 SDs from the mean). The mean reaction time and standard

deviations were longer in the withhold condition than in the simple condition, by 46.81

and 26.36 miUiseconds, respectively (/(34)=12.24,^<.001 for the means and r(34)=8.18,
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p<.00l for the SDs). The lower part of Table 60 contains the descriptive statistics for

the Stop Signal paradigm. Similarly, the mean reaction time in the practice trials was

faster than in all three test blocks and than the average of the 3 blocks

(M=331.92(practice) versus M=410.57 (blockl); M=458.69 (block2); M=460.76

(block3) and M=436.69 (average) (r(30)=8.73, p<.001; ^(30)=7.39, ;7<.001; r(30)=7.32,

p<.00\ and r(30)=8.01,p<.001, respectively).

Simple Reaction Time

Two participants' scores were omitted from the Stop Practice RT analyses

because of extreme values (more than 3 SD from the mean). No significant correlations

were found between personality factors and RT on the simple CPT (see Table 61). For

the Stop Practice RT (Table 62), significant negative correlations were found between

the SD and BIS (r=-.36, p=.04) where higher BIS score was associated with a smaller,

i.e, less variable SD; between SD and Trait PA (r=-.39, p=.02) where higher Trait PA

score was related to a less variable SD and a significant positive correlation between SD

and inhibition to familiar social {r=A0,p=.02) where higher inhibition to familiar social

was associated with a more variable SD. The Mean Practice RT was significantly

correlated with State Negative Affect (r=-.37, p=.03) where more State Negative Affect

was associated with faster reactionn time.

It was hypothesized that more BIS-reactive individuals (those high on the

Neuroticism factor) would display slower reaction time than less inhibited individuals.

Therefore, the Neuroticism factor should account for a significant portion of the variance

in mean simple RT. None of the zero-order correlations between the mean RT on Stop

Practice or CPT-simple RT supported that prediction. However, significant correlations
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correlations were found between personality measures and the SD for the Stop Practice

RT. This was a post hoc finding that was not predicted but that merited further

exploration; the SDs were used as dependent variables in the regression analyses.

The regression analyses were done using the SD on the Stop Practice trials as the

criterion measure. First, the mean RT was residualized out of the SD measure to insure

that the effect of a possibly faster mean (usually associated with faster SD) was taken

into account. Then, the regression analysis (see Table 63), predicting Stop Practice

SD|RT, consisted of entering N and E on the first step, SQ on the second step, the three

State measures on the third step and the interaction (N*E) on the fourth step.

The first step was not significant {Fchange(2,29)=A5, p=n.s; for N: sr=-A3, n.s.

and for E: sr=-AA, n.s.). The SQ factor, entered on the following step was significant

(Fchange (1, 28)=8.30, sr^.47, p=.0\). The SQ factor accounted for a significant

portion of unique variability (24%) in the criterion: greater SQ was associated with a

more variable SD. The State measures entered next were not significant

(Fchange(3,25)=.90, n.s.). The interaction was not significant (Fchange (1, 24)=.04,

n.s.). (Multiple 7?^=.33, F(7, 24)=1.65, n.s.).

That analysis was redone, using BIS as a predictor instead of the N factor to see

if it could predict the criterion better than the Neuroticism factor (see Table 64). The

first step was not significant {Fchange{2,29)=l .42, n.s.; for BIS: sr=-.21, n.s.) and for E:

sr=-.\6, n.s.). The SQ factor, entered on the following step, was significant {Fchange

(1, 28)=11.16, sr=.5\, p<.01). The SQ factor accounted for a significant portion of

unique variability (26%) in the criterion: greater SQ was associated with a more variable

SD. Once the SQ factor was entered, the relationship of the BIS to the criterion became
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significant (sr=-.44, p<.01) accounting for 19% of unique variance, where a greater BIS

was associated with a smaller SD, i.e., less variable. The State measures entered next

were not significant {Fchange{3,25)=1.0\, n.s.). The interaction was not significant

{Fchange (1, 24)=.02, n.s.). (Multiple R^=.42,F{7, 24)=2.48,/'=.05).

RT in the Context of Inhibition

It was hypothesized that more inhibited or BIS reactive individuals would display

slower RT than others when in a task where they have to be ready to inhibit their

responses because they would presumably be more involved in the inhibiting process:

Their BIS is in the checking mode, according to Gray's model. Therefore, the

Neuroticism factor should account for a significant portion of the variance in Mean RT

for Stop PRT and for CPT-withhold RT. The measures used to test this hypothesis were

the Stop Primary RT (divided in 3 blocks) and the RT on the CPT-withhold task.

Correlations between mean reaction time on those tasks and the three factors

were not significant (see lower part of Tables 61 and 62). Correlations between the

reaction times on the CPT and Stop tasks were obtained for all personality trait and state

measures to see if there were correlations between the variables making up the global

factors. These are also presented in Tables 61 and 62. One participant's score was

omitted for the analyses for block 1 and 2 because of extreme values. For the analyses

involving the third block, 3 participant's scores were omitted because of extreme values.

Very few nominaly significant correlations were found. The score on the BIS

scale was negatively related to the primary reaction time (PRT) on the Stop task (Table

62) for the third block (r=-.35, p=.04) and marginally to the overall PRT (r=-.30,

/?=.08): a greater score on the BIS scale was associated with a shorter PRT on the Stop
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task. The standard deviation on the third block and for the overall PRT was also

significantly and negatively correlated with the BIS scale (r=-.38, p=.02 and r=-.36,

/>=.04 , respectively): greater BIS score was associated with a less variable RT. Here

again, the Mean RTs were not significantly correlated with personality measures as

predicted but the SD was more related to the personality measures (post hoc finding): the

SD was used as the criterion measure in regression analyses.

The first regression analysis involved using the residualized (controlling for

mean PRT) Primary SD|RT Total (average of the 3 blocks) as the dependent variable,

entering the N and E factors as predictors on the first step, then the SQ factor on the

second step, then the 3 State measures as a set on the next step and the interaction (N*E)

on the last step (see Table 65). The first step was not significant (Fchange{2,30)=\.03,

n.s.\ for N: sr=-.\9, n.s. and for E: sr=A\, n.s.). The SQ factor, entered on the following

step, was not significant {Fchange (1, 29)=.22, n.s.\ sr=-M). The State measures,

entered next, were not significant (Fchange(3,26)=M, n.s.). The interaction was also

not significant (Fchange (1, 25)=.14, n.s.) (Multiple R^=A4, F (7, 25)=.60, n.s.).

The second analysis involved entering the BIS, E and SQ factors as the predictors

(entering BIS and E first, then SQ) (see Table 66). The first step was not significant

(Fchange{2,30)=.94, n.s.\ for BIS: 5r=-.18, n.s. and for E: sr=.\3, n.s.). The SQ factor,

entered on the following step, was not significant {Fchange (1, 29)=.33, n.s.\ sr=-.\Q).

The State measures, entered next, were not significant {Fchange(3,26)=.66, n.s.). The

interaction was also not significant {Fchange (1, 25)=.22, n.s.). (Multiple R^=.l4, F (7,

25)= 59, n.s.).
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Hypothesis 5: Motor Inhibitory Control

Table 67 presents the descriptiye statistics for the measures of motor inhibitory

control: the number of errors on the CPT-withhold condition and the stop signal reaction

times (SSRT) required to withhold a response, for the 3 blocks individually and for the

average for the 3 blocks. One person's score was omitted from the analyses for blocks 1

and 2 and four person's scores were omitted for block 3 of the Stop task because of

extreme values (more than 3 SDs from the mean). The upper part of Table 67 contains

the descriptive statistics concerning the number of errors made in the CPT-Withhold

condition. Participants made an average of 6.91 errors {SD=3.9\) on that task, the

number of errors ranging from to 16. The lower part of that table presents the mean

stop signal reaction time (SSRT) for the three blocks and the average for the task in

general (SSRT Total). Mean SSRT duration significantly decreased throughout the task,

from 225 milliseconds in block 1 to 197 milliseconds in the third block (t(31)=3.51,

p=.001).

It was hypothesized that individuals with a more reactive BIS would have a

stronger propensity to inhibit their response, therefore they should have a higher

probability of inhibiting in general and be able to do so within a shorter period of time

(with less warning) than individuals with a less reactive BIS (who should need a shorter

stop signal delay). Individuals with a more reactive BIS would also make fewer errors

on the CPT-withhold task than those with a less reactive BIS.

Correlations between the three factors and measures of motor inhibitory control

did not yield any significance (see bottom part of Table 68). The individual correlations

between the measures of motor inhibitory control and each personality trait measures are
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presented in Table 68 along with the State measures and the correlations with the

Cognitive Failures Questionnaire score. There were no significant correlations between

the numbers of errors in the CPT-withhold condition and the personality state and trait

measures. A significant correlation was found between the score on the NEO-PI -

Extraversion scale and the SSRT in the third block (r=.39, p=.02 ) where a higher

Extraversion score was related to a longer SSRT.

The first regression analysis involved using SSRT Total (average SSRT for the 3

blocks) as the dependent variable, entering the N and E factors as predictors on the first

step, then the SQ factor on the second step, then the 3 State measures as a set on the next

step and the interaction (N*E) on the last step (see Table 69). The first step was not

significant {Fchange(2,2S)=.55, n.s.; for N: sr=-.03, n.s. and for E: 5r=.18, n.s.). The

SQ factor, entered on the following step, was not significant {Fchange (1, 27)=2.16, n.s.,

sr=21). The State measures, entered next, were not significant {Fchange{3,2A)=\.5%,

n.s.). The interaction was also not significant (Fchange (1, 23)=1.34, n.s.) (Multiple

R^=30,F(7,23)=l.39,n.s.y

A quadratic curve between the predicted measure and the E factor (more

specifically with the score on the Extraversion scale of the NEO-PI) was noted on

scatterplots (plotting SSRT with the Extraversion factor, and plotting SSRT with

Extraversion-NEO). Therefore, the analysis was redone, adding a fourth step where the

quadratic interaction term for the Extraversion factor was entered (see Table 70). The

quadratic relationship between SSRT and the Extraversion factor was significant

(Fchange (1, 22)=4.28, p=.05; sr=.34) accounting for 11% of unique variance in the

criterion (Multiple R^=Al, F (8, 22)=1.92, n.s.). This quadratic relationship is plotted in
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Figure 6: high scores on Extraversion were associated with greater SSRT, while low and

mean scores were associated with lower SSRT.

In the next regression analysis, the E factor was replaced by the Score on the

Extraversion scale of the NEO-PI, because it was most strongly correlated with the

criterion (see Table 71). Again, the quadratic interaction term was entered on the last

step (E-NEO ). The first step was not significant {Fchange(2,2S)=\.2\, n.s.\ for N:

5/-=.02, n.s. and for E: sr^21, n.s.). The SQ factor, entered on the following step, was

not significant {Fchange (1, 27)=2.77, n.s.\ sr=29). The State measures, entered next,

were not significant {Fchange{3,24)=l.76, n.s.). The interaction (N*E-NEO) was also

not significant (Fchange (1, 23)=.78, n.s.). The quadratic relationship between SSRT

and Extraversion-NEO was significant (Fchange (1, 22)= 13.71, p=.00\; sr=.50)

accounting for 25% of unique variance in the criterion (Multiple R =.59, F (8, 22)=3.99,

p<.0\). This quadratic relationship is plotted in Figure 7: low and high scores on

Extraversion-NEO are associated with greater SSRT, especially for the high scores,

while a medium score was associated with lower SSRT.

Hvpotheses 6 a-b-c: Cognitive Inhibition and Facilitation

If all inhibitory systems have the same reactivity in Gray's model, then cognitive

inhibition should be more efficient in more inhibited individuals, or more BIS-reactive.

More specifically, inhibited individuals would display longer reaction times than less

inhibited individuals when negative priming is involved in the relationship between the

stimuli to be processed. Also, more inhibited individuals would display a greater

interference effect than less inhibited individuals. For individuals with a more reactive

BAS, a greater positive priming effect and greater facilitation effects were expected
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because the BAS favors and initiates approach behavior. Negative and positive priming,

facilitation and interference were assessed with the Flanker paradigm (Eriksen &

Ericksen, 1974).

Descriptives statistics for the negative priming conditions, derived from the

Flanker task, are presented in Table 72. An overall mean negative priming effect of 25

milliseconds was found. It indicated that on average it took 25 ms longer (5'Z>=15.78) to

respond to a probe assessing negative priming (where the distractor on the prime trial

became the target on the probe trial) than to the control condition (r(35)=-6.65,/7<.001).

The NP total measure included in the table is another way of calculating the NP effect: it

is the subtraction of the average of the NP conditions (neutral negative priming,

NP+interference and NP+facilitation means) from the mean of the control condition.

This more global way of calculating the NP effect, produced a similar NP effect (f(35)=-

10.43, /?<.001). The NP+facilitation effect was going in the right direction (M=-13.21,

5'Z>=-6.65), i.e., it took less time on average to respond to probe trials with no conflicting

distractors (all the same letter, e.g.,SSSSS) compared to response time to neutral

negative priming trials (^(35)=-3.04, p<.0\). The interference effect was also going in

the right direction (M=27.83, SD=-2Al): it took more time to respond on probe trials

with response conflict (e.g., SSHSS) than to respond to neutral negative priming trials

(f(35)=6.86,p<.001).

Descriptive statistics for the Positive Priming conditions are presented in Table

73. No positive priming effect was found, since it took 12.24 ms longer to respond on

trials where positive priming was predicted to occur (when the target on the prime and

probe trials were identical) than on control trials when it should have taken less time to
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respond. Also, in contrast with the NP context, no facilitation effect was found.

However, interference did make RT longer (30.77 ms versus 12.24 ms) (r(35)=-34.72,

j!7<.001) to respond when the trials contained conflicting response tendencies than when

they did not, as in the neutral positive priming conditions. No further analyses are

presented for the positive priming since this measure did not produce the expected

effects.

Correlations between the negative priming conditions and the three factors did

not yield significant relationships with the Mean RT (see Table 74). There was a

significant negative correlation between the Extraversion score on the EPQ and the mean

NP Total (r=-.37, p<.05) and marginally significant correlations between the

Extraversion on NEO-PI and NP Total (r=-.29, /7=.08) and between the Extraversion

factor and NP Total (r=-.28, p=.09): overall, Extraversion is associated with a smaller

NP effect.

The regression analysis involved using NP Total as the dependent variable^

entering the N and E factors as predictors on the first step, then the SQ factor on the

second step, then the 3 State measures as a set on the next step and the interaction (N*E)

on the last step (see Table 75). The first step was not significant {Fchange{2,33)=\ .S4,

n.s.; for N: sr=.l4, n.s. and for E: sr=-2A, n.s.). The SQ factor, entered on the following

step, was not significant (Fchange (1, 32)= 1.01, n.s.; sr=.07, n.s.). The State measures,

entered next, were not significant {Fchange{3,29)=.OS, n.s.). The interaction was not

significant {Fchange (1, 28)=3.17, ^r=-.30, n.s.) (Multiple R^=.20,F(7, 28)=1.02, n.s.)

' To avoid the use of a difference score, although that is what is usually reported in the literature, we also

performed the regression analyses, using the RT on the NP trials as the dependent variable controlling for

the RT on the Control trials. That analysis yielded similar results.
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Hypothesis 7: Cognitive Failures

Score on the CFQ relate to failures of attention, memory and motor functions in

everyday life. They have been found to be positively correlated with the Neuroticism

score on the EPQ (Broadbent et al., 1982) where greater Neuroticism was related to

more self-reported cognitive failures. Conversely, since inhibited (neurotic) individuals

are presumed to have a more active inhibition system in Gray's model, they should also

have fewer cognitive failures related to inhibition processes. This hypothesis was

exploratory, i.e how do BIS and BAS scores (or Extraversion/Neuroticism dimensions)

relate to cognitive failures since the literature reports results that would seem to be

inconsistent with what the model used in the present study would suggest.

Descriptive statistics for the CFQ are presented on the bottom of Table 3

(M=1.63, SD=AO on a scale of to 4). Correlations between the CFQ and Personality

Trait and State measures are presented in Table 4. There was a marginally significant

positive correlation (r=.30,/7=.07) between the CFQ score and Extraversion score on the

EPQ where greater Extraversion (high BAS) was related to more cognitive failures. In

addition. Trait Positive Affect was significantly related to CFQ (r=-.33, p^.05) where

greater Trait Positive Affect was associated with fewer self-reported Cognitive Failures.

The Neuroticism factor was positively related to CFQ although it was not significant

(r=.24,p=.15).

Regression analyses using the CFQ score as the criterion are presented in Tables

76 and 77. The first regression analysis (Table 76) involved using CFQ as the dependent

variable, entering the N and E factors as predictors on the first step, then the SQ factor

on the second step and the interaction (N*E) on the last step. State measures were not
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entered because they are not presumed to influence score on this questionnaire (it is not a

performance measure). The first step was not significant (Fchange(2, 33)= 1.99, n.s.; for

N: sr=.29,p=.09 and for E: 5r=-.22, n.s.). The SQ factor, entered on the following step,

was not significant (Fchange (1, 32)=.02, n.s.; sr=-.03). The interaction was also not

significant (Fchange (1, 31)=.24, n.s. (Multiple R^=.\2, F{4, 31)=1.01, n.s.). The

Neuroticism factor accounted for most of the unique variance in the CFQ score although

it did not reach significance, where greater N was associated with more cognitive

failures.

The second regression analysis (Table 77) involved using CFQ as the dependent

variable, entering the N factor and the Extraversion-EPQ score as predictors on the

second step, then the SQ factor on the third step and the interaction (N*E-EPQ) on the

last step. E-EPQ was used in this analysis because it may be a better predictor or CFQ

than the E factor. The first step was significant {Fchange{2, 33)=3.76, p=.03; for N:

sr=.3l,p=.06 and for E-EPQ: sr=.3 6, p=.03): when entered on the first step the N factor

accounted for 10% of unique variance and the E factor accounted for 13% of unique

variance. The SQ factor, entered on the following step, was not significant (Fchange (1,

32)=.00, n.s.; sr=.00): N accounted for 8% (p=.09) of unique variance and E-EPQ

accounted for 12% (p=.04) once the SQ factor has been entered. The interaction was not

significant (Fchange (1, 31)=.02, n.s.) (Multiple R^=.l9, F(4, 31)=1.77, n.s.). The

Neuroticism factor accounted for most of the unique variance in the CFQ score,

although it did not reach significance, where greater N was associated with more

cognitive failures.
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DISCUSSION

Personality Questionnaires and Gray's Model

According to Gray's model, the BIS and BAS are two independent dimensions

and should be unrelated. When constructing the BIS/BAS Scales, Carver and White

(1994) indeed found the 2 dimensions to be unrelated in a large sample («=732): the BIS

Scale correlated -.12 with Drive, .28 with Reward Responsiveness and -.08 with Fun

Seeking). In our initial sample, BIS and BAS scales were related but the correlation was

moderate (r=.19, p=.00l) compared to the magnitude of the other correlations (BIS

correlated correlated -.10 with Drive, .31 with Reward Responsiveness and .05 with Fun

Seeking). With respect to the SQ, the BIS was most strongly correlated with unfamiliar

and social inhibition and to a lesser extent to nonsocial inhibition, where the more

inhibited individuals had a higher score on the BIS scale. The BIS scale was unrelated to

familiar inhibition. The BAS scale was negatively related to all 4 subscales of the SQ,

and most strongly to the social inhibition subscale, where individuals who were less

inhibited had a higher BAS score.

In the selected sample («=36), we found good construct validity among the

personality measures. The BIS scale was significantly correlated with measures of

Neuroticism and Anxiety (EPQ, NEO-PI, Trait Anxiety and Trait Negative Affect) and

the BAS scales were correlated with measures of Extraversion (EPQ and NEO-PI).

These findings support Gray's description of highly reactive BAS individuals as being

more extraverted. However, our findings do not support Gray's notion that BIS-

reactives should also be introverted, i.e., the BIS Scale was not correlated with
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Introversion. The results of the present study need to be interpreted taking the following

differences into account: Our definition of BIS reactivity was reflected by the BIS scale

that related to high Neuroticism and Anxiety while in Gray's model, BIS reactivity is

related to Introversion. When Carver and White (1994) constructed their scales, they

found that the BIS Scale related to Anxiety measures, but they had not included

Neuroticism measures. The results of study suggests that it may be important to relate

the BIS/BAS Scales to measures of Neuroticism. The present sample was relatively

small; perhaps a bigger sample is needed to more reliably relate the BIS/BAS scales to

personaUty dimensions, according to Gray's model.

Composite scores were used, representing the 3 factors, for further analyses:

Neuroticism-Anxiety (N), Situational Inhibition (SQ) and Extraversion (E). The BIS

scale loaded on the Neuroticism-Anxiety factor while the BAS was most loaded on the

Extraversion factor. Thus, for the purpose of this study, BIS Reactivity was represented

by the N factor and BAS reactivity by the E factor. The third factor (SQ) consisted of

the 4 subscales of the SQ suggesting that it measures a type of inhibition that is distinct

from the inhibition (or non-inhibition) represented by the N and E factors. The 3 factors

were not orthogonal since they were formed from the sum of standardized scores:

Factors N and SQ were significantly and positively related to each other and the E factor

was unrelated to N and marginally (negatively) correlated with SQ. Regression analyses

confirmed, in the case of some of the hypotheses, that SQ was related to a part of unique

variance in the performance measures not accounted for by N or E.

In the selected sample as in the initial sample, BIS was related to all subscales of

the SQ but to one: inhibition to familiar situations. A greater score on the BIS scale was
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related to unfamiliar inhibition, to social inhibition, and to nonsocial inhibition (in order

of magnitude). BAS scales were related negatively to the 4 SQ subscales, but the

relationships were non-significant. The N factor was positively correlated with

unfamiliar and social inhibition and also significantly related to familiar and nonsocial

inhibition, but to a lesser extent. The E factor was also more strongly related to

unfamiliar and social inhibition, but negatively and unrelated to familiar and nonsocial

inhibition.

Overall, the BIS scale (in the initial sample as well as in the selected sample) was

unrelated to inhibition to familiar situations. This suggests that what is unique about

what is measured by the SQ, i.e, what distinguishes it from measures of Extraversion and

Neuroticism, may be inhibition to familiar situations and settings. Perhaps, individuals

who are either introverted or neurotic do not tend to feel shy or inhibited in familiar (and

nonsocial situations to a lesser extent) as much as they do in unfamiliar and social

situations.

The State measures used in this study were not intercorrelated. However, State

Negative Affect was related to the Neuroticism and SQ factors. Individuals who scored

high on those factors reported more State NA in the testing situation than those who

scored lower. This makes sense considering the nature of the concept measured by those

factors, i.e inhibition in an unfamiliar setting or situation with strangers. Indeed, greater

State NA was especially strongly related to more unfamiliar and social inhibition.
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Event-Related Potentials and Personality

Attention Allocation

Gray's model proposes that the activation of the BIS leads to increases in

attention, arousal and behavioral inhibition. It was predicted that the attention

allocation, measured with the P3b amplitude, would be greater for more BIS reactive

individuals (high on the N factor) to neutral as well as to social stimuli. Our findings do

not consistently support this simple model.

It was predicted that individuals high on BIS-related characteristics would

respond to socially relevant stimuli with greater levels of attention allocation. Faces and

their expressions are a source of information from our social environment that provide us

with important cues and feedback, about possible threats (anger, fear) or approach

signals (smiling). According to Gray's model, the BIS reactive individual are especially

reactive to those cues; the BIS is activated by signals of novelty, punishment or non-

reward and reacts by increasing attention to the stimulus, increasing arousal levels and

stopping the ongoing motor program to allow for further evaluation of the stimulus.

Our prediction was not supported: The N factor was imrelated to area under the

curve to target faces. However, the E factor was significantly related to area:

Extraversion accounted for a significant portion of unique variance only once SQ was

also entered at Cz and Pz: Greater E was related to smaller P3 area to the presentation of

target faces. This finding is consistent with the ERP literature, reviewed by Stelmack

and Houlihan (1995), where greater Introversion has been related to greater P3 amplitude
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in oddball tasks. However our findings do not replicate Segalowitz and colleagues'

(1995) who found greater P3 area to faces for inhibited individuals, using the SQ scale.

Our hypothesis of greater attention allocation for more BIS reactives to neutral

stimuli was not supported in either the Auditory or the Visual Oddball paradigms. On

the contrary, for the Auditory Oddball task, the N factor accounted for a significant

portion of unique variance when entered with E at Fz where greater N was related to

smaller P3b amplitudes. For the Visual Oddball, the SQ factor accounted for a

significant portion of variance after N and E had been accounted for at Fz only and it

was related to smaller amplitudes. In the Visual oddball task, the SQ factor accounted

for something unique in the P3b amplitude at Fz that was not accounted for by either of

the personality dimensions of Neuroticism or Extraversion. In all ERP tasks but not at

all sites, the SQ factor was related to smaller P3b areas, especially at the Fz site although

the effect was expected at Pz.

In the literature on personality and P300, greater amplitudes are usually found

with greater Introversion. In the present study, this was not found for either the Auditory

or Visual oddball tasks. However, that effect was found for the Faces task at Cz and Pz

sites. The P3b amplitudes to the oddball tasks was positively correlated with the faces

area (400-800 ms) at all sites (Correlations between Faces and Auditory oddball tasks:

r=.47, p=.01; r=.49, p=.01; r=.35, p=.06 at Fz, Cz and Pz, respectively; Correlations

between Faces and Visual oddball tasks, r=.59,p=.00\,; r=.65,p=.00\; r=.5S,p=.00\ at

Fz, Cz and Pz, respectively) indicating that the different results found for the tasks are

not due to the tasks being very different from each other.
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Overall, greater P3b amplitude for BIS-reactives (N factor) was not found with

any of the ERP tasks. The reason for this may be that the more neurotic-anxious

individuals were more affected by the social and unfamiliar anxiety generated by the

testing situation. Because of that phenomenon, their attention may have been allocated

to the testing situation and not as much to the task. Since P3b amplitudes reflect

attention allocation, it is possible that this distractibility constitutes the reason for its

smaller amplitudes in more neurotic and inhibited individuals. When the task required

more in-depth processing, as in the faces task, introverted individuals had the greatest P3

area to targets faces. These individuals may be showing increased focused attention, as

presumed by Gray's model where introverts have a more reactive BIS, but are not

distracted by the testing situation as the neurotic individuals are.

The view of Mathews and colleagues (1990) on anxiety and attention may help

explain some of the findings in the present study. Individuals who are more anxious

may have a more vigilant attitude in the ERP testing situation, due to the anxiety that this

situation generates for them (a stranger applies electrodes to one's head; an unfamiliar

and social situation). It is possible that the anxiety or negative affect generated by ERP

testing affect information processing to a greater extent than behavioral tasks do. At a

moderate level of stress, as in behavioral tasks, the more BIS-reactive individuals

demonstrated what is interpreted here as greater focused attention, as reflected in the

lesser variability of their RT. However, in the ERP testing where greater stress can be

presumed, more inhibited individuals showed decreased attentional focusing (smaller

P300 amplitudes), because the stress of the situation may have distracted them more.

This increased vigilance allowed them to be more distracted by peripheral stimuli. This
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phenomenon of increased vigilance to the periphery could be reflected in controlled

processes (P3) but not automatic processes (Nl). Indeed, P300 was decreased in more

neurotic and inhibited individuals in neutral oddball tasks. The P3b, reflecting more

controlled processes, may be reduced in those individuals because their attention is not

focused on the stimulus but is dispersed due of the nature of the situation and the anxiety

that it creates for these individuals, i.e., they are in a testing situation, which is

unfamiliar and social. Recall that our results showed that individuals who were either

more neurotic or more inhibited were significantly more likely to experience greater

State Negative Affect than other individuals.

Automatic processing would not be influenced by increased vigilance, although it

would be influenced by arousal levels. This is what we found with respect to Nl

amplitudes (reflecting arousal and automatic processing): More neurotic individuals had

greater Nl amplitude, thus they had higher levels of arousal and allocated more

resources into automatic processing than less neurotic individuals.

Reaction to Novelty

It was hypothesized that more BIS reactive individuals would display greater P3a

amplitudes to the presentation of novel stimuli. Our prediction was not supported:

Individuals with higher scores on the SQ scale had lower P3a amplitudes to novel

stimuli while N and E were unrelated to P3a amplitude. At the Fz and Cz sites, the SQ

factor accounted for a significant portion of unique variance once the N and E factors

had been accounted for. This result indicates that there is something unique in SQ

predicting the P3a amplitude that is not accounted for by the personality dimensions of

Neuroticism and Extraversion.
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It was expected that P3a latencies would be faster than the P3b latencies.

Surprisingly, results showed that the P3a latencies were longer than the P3b latencies.

Also, greater P3a amplitude at the Fz site was expected and results showed that it was

smallest at that site. It is possible that what was thought to be a P3a (i.e, the P300 to the

presentation of novel stimuli) is in fact a late positivity related to the processing of

images that have strong semantic content. More complex meaning and associations are

attached to these images compared to the simple visual oddball target. Perhaps the

stimuli for the Novels tasks need to be simpler images (scribbles, unexpected but with

no meaning), to produce a P3a like those found with Auditory Novels tasks used by

others. In the literature, the P3a had been referred to as the component generated to the

presentation of novel auditory stimuli (Squires et al., 1975; Courchesne, Kilman,

Galambos et al., 1984) and has been shown to occur around 220-250 ms post-stimulus.

Courchesne, Hillyard and Galambos (1975) found that no such component was present

in a oddball with novels paradigm using visual stimulus (unrecognizable, complex and

colorful abstract-type drawings as novels). However, they found that those novel stimuli

elicited P3 waves that had different scalp-distribution than the P3 wave to targets. They

were more centrally distributed while the P3 to target was more parietal. The latency of

their P3 to novel stimuli was between 360-450 ms. It is likely that, in the present study,

the P3 component that was found to the novel stimuli is more similar to the one

described by Courchesne and colleagues (1975) than the P3a to auditory stimuli

described by Squires and colleagues (1975).

Kagan and colleagues' research (1988) suggests greater physiological responses

(P3a and P3b) for individuals who are more inhibited. In the present study, the opposite
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was found with ERP to oddball tasks in which smaller P3a and P3b amplitude were

related to greater inhibition, as measured with the SQ.

Arousal

Nl amplitudes were hypothesized to be greater for individuals high on BIS

(Neuroticism factor) or high on BAS (Extraversion factor), but especially for those high

on the BIS. Our hypothesis was supported with the Visual Oddball task. The

Neuroticism factor accounted for a significant portion of unique variance at all sites

where greater Neuroticism was associated with Nl s of greater amplitudes.

However, as mentioned earlier, smaller P3b amplitudes were found for

individuals with greater inhibition on the SQ factor for the Visual Oddball and for

individuals with greater SQ and N scores for the Auditory Oddball. These different

findings for Nl and P3b could reflect physiological differences emanating from

controlled processing (P3), as distinct from the automatic, exogenous processes reflected

in Nl, i.e., personality differences may be reflected differently in controlled versus

automatic processes. The Nl of greater amplitude among the more neurotic may reflect,

as both Gray's and Eysenck's models suggest, a greater initial reactivity to the physical

properties of stimuli.

Reaction Time

Simple Reaction Time

Our hypothesis, that the simple RT of more BIS-reactive individuals would be

slower than for others, was not confirmed with results from the Mean RT, i.e, personality

measures were not correlated with Mean RT, either from the CPT or Stop task.

However, the standard deviation on the Stop practice trials was correlated with the BIS
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scale where individuals who scored higher on BIS had less variable RTs, whether or not

the mean RT was controlled for. Furthermore, individuals who scored higher on the

inhibition in familiar social situations subscale of the SQ had a more variable RT. This

was a post hoc finding not included in our predictions but that merited further

exploration. Regression analyses confirmed this finding: the SQ factor was related to

more variable RT and accounted for significant portion of variance over that ofN and E.

Furthermore, the inclusion of the SQ factor improved the relationship of the BIS to the

SD: greater scores on BIS were related to smaller SDs. This suggests a suppressor effect

where the BIS was not so strongly related to the criterion (SD) but the inclusion of SQ

made that relationship between BIS and SD stronger.

This finding, that BIS is related to less variable RT and that SQ is related to a

more variable RT, seems contradictory. If, on one hand, greater SD is related to

attention lapses and the tendency to overcontrol, it is possible that individuals who score

higher on the SQ factor, and especially on the familiar social subscale, may be more

distracted by the testing situation than other individuals, leading to more occasional long

RTs, thus increasing the SD. On the other hand, the anxiety associated with a high BIS

score may contribute to increased focused attention and thus reduce variability. The

discordance of these findings may be due to the influence of inhibition to familiar

situations: Whatever is unique about this subscale contributes to the more variable RTs,

i.e., the part of the variance in SQ that was not correlated with BIS (or the N factor).

Post-hoc analyses were conducted to verify that the relationship of N, BIS and

SQ to the Stop Practice SD|RT was due to the asymmetry of the SD distribution. When

the skewness of the RT distribution (asymmetry controlling for SD: ((2xi^ /Ixi^)/SDxi)
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was used as the criterion, it was more strongly predicted by Factors N and SQ and even

more by BIS and inhibition to famiUar social situations (see Table 78). Thus it appears

that it is the positive skewness that determines this relationship more than SD per se,

although obviously SD and skewness were themselves highly correlated (r=.73,/><.001).

The predicted relationship between personality and Mean RT was not found.

These particular tasks (the CPT-simple RT and the Stop Practice) may have contained

too few trials to find differences due to personality dimensions (40 and 24 trials each,

respectively). It may be that personality-related differences only emerge after many

more trials. In reaction time studies, it seems that faster reaction time are usually found

for extraverts than for introverts although the results are often mixed (see Stelmack,

1997, for a review). However, Stelmack and colleagues (1993) found no relationship

between extraversion and RT but found that the movement time of extraverts was faster

than for introverts. These researchers also found that Neuroticism was related to a

slower RT.

RT when Required to Inhibit

There was an overall slowing of RT for the group when comparing simple RT to

RT when in context of inhibition for both the Stop Tasks and the CPT tasks. The

hypothesis formulated for the reaction time, that more BIS reactive individuals would

have slower RT (so the BIS is activated), was not confirmed for the Mean RT fi-om

either the Stop task or the CPT. On the contrary, for the third block of trials on the Stop

Signal task, individuals with a higher score on the BIS scale had faster PRT than others.

It is possible that the more BIS reactive individuals were able to adapt better to a

situation where inhibition is intermittently required and that was reflected in their faster
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RT by the end of the task. Furthermore, individuals with higher scores on the BIS scale

also had smaller standard deviations, whether the faster mean was taken into account or

not. The correlations between the SD and BIS were stronger and more consistent across

blocks than those between the Mean RT and BIS. As previously indicated, the activation

of the BIS may allow for more focused attention, reflected in their less variable RTs.

Overall, for predicting RT with personality, whether it is simple RT or RT in the

context of inhibition, the BIS scale seems to be the best predictor. Furthermore, BIS

predicted the variability of the RTs better than that of the mean. The standard deviations

may reflect better the subtle differences in reaction time and attentional focus brought on

by personality variables than the means of the reaction times.

Motor Inhibitory Control

Our hypothesis predicted that more BIS reactive individuals would have more

efficient motor inhibitory control than less BIS reactive individuals. This relationship

was not found with the score on the BIS scale or with the N factor. However, I found

that individuals higher on the Introversion dimension needed less warning time to

inhibit: Higher scores on Extraversion were associated with longer SSRT on the Stop

Signal task. No relationships with personality were found with the number of

commission errors on the CPT-withhold task.

An unpredicted quadratic relationship was found between the Extraversion factor

predicting the Stop Signal Reaction Time or the warning time needed to inhibit the

response. It was especially the score on the Extraversion-NEO-PI that had a curvilinear

relationship with SSRT. Low and especially high scores on Extraversion-NEO were

associated with longer SSRT (see Figure 7). Thus, very extraverted individuals had less
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efficient inhibitory control than those with moderate or low Extraversion. The quadratic

relationship for the E-EPQ accounted for 25% of the variance in SSRT. Similar results

were found with the E factor where low and mean scores were associated with low

SSRT and high Extraversion was related to much higher SSRT (see Figure 6). Again,

this indicates that very extraverted individuals may have less efficient inhibitory control

in this task than more introverted individuals. Presumably, this may occur because the

more reactive BAS system of the extraverted individuals is activated by the primary task

and that interferes with the inhibitory demands of the task. If the more introverted also

have a more efficient BIS, as in Gray's model, they should have better inhibitory control

than more extraverted individuals. However, in this study, the BIS scale or the N factor

did not relate to SSRT.

Overall, the Stop Task seems to be a better measure for picking up subtle

differences in RT or inhibitory control related to personality than the CPT tasks.

Robertson and colleagues (1997), in their study of adults with traumatic brain injury,

found that the CPT tasks were correlated with measures of sustained attention and

unrelated to other types of attention. They define self-sustained attention or the capacity

for endogenous modulation of alertness as «the ability to self-sustain mindful, conscious

processing of stimuli whose repetitive, non-arousing qualities would otherwise lead to

habituation and distraction to other stimuli)) (p. 747). It is possible that personality

differences are not so related to differences in self-sustained attention, and may be more

related to differences in alertness governed by stimulus novelty, salience or change, or

what Robertson and colleagues referred to as exogenously controlled alertness occurring

at the level of automatic processes.
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Cognitive Inhibition and Facilitation

Greater negative priming (NP) and Interference effects were predicted for more

BIS reactive individuals since Gray's model proposes a unitary inhibition system.

Greater Positive priming and facilitation effects were predicted for more BAS reactive

individuals, since that is the system that favors approach.

Overall, the expected NP effects for the whole sample were found (NP,

NP+facilitation and NP+Interference). Negative Priming was negatively correlated with

the Extraversion score on the EPQ, where a greater NP effect was associated with higher

Introversion. This finding does not support the prediction directly since it was predicted

that the N factor (on which the BIS scale loaded) would account for most of the variance.

However, this finding would be consistent with Gray's model if highly BIS-reactive

individuals are also introverted, although in this study the BIS scale did not relate to

Introversion.

PP measures did not produce the expected effect. On the contrary, it seems that a

negative priming effect may have occurred on trials where PP was predicted since it took

longer to respond to those trials than to the control trials. The Flanker task, as it was

designed for this particular study, may have contained too many conditions (NP, PP,

Interference and Facilitation). This may have contributed to create context effects. For

future studies, it may be more effective to create distinct tasks, assessing the various

effects separately.

Cognitive Failures

This hypothesis was exploratory. Findings from the literature (Broadbent et al.,

1982) have shown that high CFQ was related to greater Neuroticism although Gray's
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model would predict smaller CFQ scores for more BIS reactive individuals, i.e., the

more neurotic in the present study.

Replicating the literature, the Cognitive Failures score was positively but not

significantly related to N. The correlation between the CFQ score and Extraversion was

also positive and non-significant where greater Extraversion was associated with more

Cognitive failures. The score on the Extraversion-EPQ accounted for a significant

portion of unique variance. Overall, both E and N were positively related to CFQ: A

greater score on the E-EPQ or a greater score on the N factor were associated with more

self-reported cognitive failures. Thus, it seems that individuals with greater scores on

the BIS Scale (N factor) or the BAS Scale (E factor) report more cognitive failures.

Perhaps this is due to higher levels of arousal for these individuals leading to more

failures in memory and attention. High BIS and high BAS reactives are presumed to

have a more reactive ARAS feeding into these motivational systems and vice-versa.

There may be an optimal level of arousal needed in order to experience fewer cognitive

failures. Individuals with high withdrawal or approach tendencies may have too high

levels of arousal, as Gray's model predicts. This conforms to the Yerkes-Dodson

principle governing arousal and performance where the ideal state of arousal, for optimal

performance, is intermediate, i.e., not too low and not too high. Thus, if arousal is too

high, performance is disrupted and in the case here, more cognitive failures occur.

Summary of Findings

Neuroticism-Anxiety or BIS Reactivity

Confirming one of our hypotheses, the N factor was related to greater Nl

amplitude in the Visual oddball task at all sites. This is interpreted as reflecting more
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arousal for neurotic individuals and also possibly more allocation of resources in

automatic processing of stimuli. The N factor was positively related to more cognitive

failures, as previously found in the literature (Broadbent et al. 1982) but the results were

not significant. The neurotic individuals may experience more cognitive failures in

everyday life because of their higher level of arousal. In Gray's model, both highly

reactive BIS and BAS individuals are thought to have higher arousal, although in this

study arousal (as reflected by Nl amplitude) was only related to greater Neuroticism, i.e.,

BIS reactivity.

Overall the N factor, representing the BIS reactivity in this study, was related to a

smaller SD for the RT in the Stop Practice and in the Stop Task PRT. This is interpreted

as indicating that the BIS, favoring focused attention, contributes to reducing the

variability in reaction time. In ERF measures, the N factor was related to smaller P3b

amplitude at Fz only in the Auditory Oddball task. This findings suggests less attention

allocation at the level of controlled processes for more neurotic or BIS reactive

individuals. This was an unexpected finding, although it was not very strong since it

was only significant at Fz. This is explained by suggesting that, for more neurotic

individuals, attention is not as focused on the ERF tasks as it was for behavioral tasks

because of the anxiety that ERF testing may generate for these individuals: their

attention is directed more to aspects of the testing situation, being social and unfamiliar.

Situational Questionnaire

The SQ factor was related to several of our dependent measures where it

accounted for significant amounts of variance once the E and N factors had been

accounted for. The SQ factor was related to ERF measures in a consistent manner:
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Greater Situational Inhibition was related to smaller P3b area to target faces at Fz and to

smaller P3b at Fz in Visual oddball. Similarly, in the Visual Novels paradigm, SQ was

related to smaller P3a amplitude at Fz and Cz, although it is suspected that the P3a was

really a late positivity. Thus, in ERP tasks, greater SQ consistently related to less

attentional allocation, especially at Fz. As for more neurotic individuals, attention may

not be as focused on the task because of the anxiety that ERP testing may generate for

these individuals: Their attention was directed more to aspects of the testing situation.

The relationships between SQ and P3 amplitude were more numerous and more

consistent than the relationships of Neuroticism to P3, suggesting that SQ captures

something that Neuroticism does not.

Although not part of our hypotheses but worth noting is that the SQ factor was

related to longer P3b latencies at Fz, Cz in both the Auditory and Visual oddball tasks.

This may reflect slower information processing in more inhibited individuals. This

relationship was stronger for inhibition to familiar nonsocial situations.

The SQ seems, at face value, to be a good measure of behavioral inhibition to

unfamiliar situations as described by Kagan for children. However, unfamiliar inhibition

seems to be more strongly related to Neuroticism in this sample, than to Introversion as

Kagan would suggest (Kagan, 1989). The SQ scale may also be measuring a kind of

inhibition that is not well captured by the more conventional personality measures of

Neuroticim and Extraversion: inhibition to situations or settings that are familiar and

nonsocial. This questionnaire was initially designed to get at two main types of

inhibition, a temperamental, more innate inhibition to the unfamiliar related to greater

physiological activation, like that described by Kagan, and a more learned type of social
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inhibition contingent upon social experiences. Inhibition to famiUar situations may be

an important type of inhibition not investigated before. It may have implications at the

physiological level, reflected in reaction time and ERPs.

Extraversion or BAS Reactivity

The Extraversion factor, representing the BAS reactivity in this study, was

related to longer SSRT on the Stop Task. This result shows that extraverted individuals

needed a longer warning time in order to successfully inhibit a prepotent response than

the introverted individuals. Thus, extraverted individuals may have less efficient motor

inhibitory control than introverted individuals. A quadratic relationship was found for

the Extraversion factor, predicting SSRT, where high extraversion was more related to

longer SSRT than moderate or low extraversion. The activation of the BAS in Gray's

model may interfere with inhibition of the response because it favors the execution of

responses, especially if they are prepotent in the context. The BAS scales did not relate

significantly to SSRT (r=.22, p=.24), although it was the same direction as the

relationship between Extraversion and SSRT.

A smaller Negative Priming effect was found for more extraverted individuals

compared to the more introverted. Smaller negative priming reflects a less efficient

cognitive inhibition system. Again, the more extraverted individuals may be less

efficient because of the activation of their BAS that does not favor the inhibition of

responses. These results are consistent with findings of Visser, Das-Smaal and

Kwakman (1996) who found that children described as socially impulsive demonstrated

reduced negative priming effects in a Stroop color-word paradigm.
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Extraversion on the EPQ was also related to more cognitive failures. Like the

neurotic individuals, the extraverted individuals may experience more cognitive failures

because of their higher level of arousal. In Gray's model, both highly reactive BIS and

BAS individuals are thought to have higher arousal although in this study, arousal (as

reflected by Nl amplitude) was only related to greater Neuroticism, i.e., BIS reactivity.

With respect to ERP measures, the Extraversion factor was related to smaller P3

area to target faces at the Cz and Pz sites. This finding is consistent with the consensus

in the ERP literature (Stelmack and Houlihan, 1995) where greater Introversion is related

to greater P300 amplitudes. Since Gray considers BIS to reflect greater Introversion as

well as Neuroticism, his model would also support an Introversion-P3b area correlation,

which was found in the present study.

Gray's Model and the BIS/BAS Scales

Our definition of BIS reactivity was dependent on the BIS scale, which related to

Neuroticism and Anxiety in our data. However, in Gray's model, BIS reactivity is

related to Neuroticism and Introversion, which he calls the Anxiety dimension.

Similarly, our definition ofBAS reactivity was linked to the BAS scale, which related to

Extraversion in our data while in Gray's model BAS reactivity is represented by

Extraversion and Neuroticism, or the Impulsivity dimension. Thus, the results presented

here need to be interpreted taking these important differences into account.

Gray's model postulates that the activation of the BIS leads to increases in

arousal, attention and behavioral inhibition. Overall, in this study BIS reactivity,

correlated with reduced variability in reaction time. This is interpreted as reflecting

more focused attention. Also, consistent with Gray's model, the score on the BIS scale
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was related to greater Nl amplitude. This is interpreted as indicating increased arousal

in the more neurotic individuals and also possibly more allocation of resources in

automatic processing of stimuli. Not consistent our predictions, the BIS Scale related to

smaller P3b amplitudes at the frontal sites in an Auditory oddball. This is interpreted as

reflecting less attention allocated to the controlled processing of the target. More

neurotic individuals may allocate less attention to the target only because they are more

affected by the ERP testing situation, being social and unfamiliar, than less neurotic

individuals and that causes a distraction for them.

Gray's model proposes that the activation of the BAS leads to increases in

approach behaviors. The factor that represents BAS reactivity in this study, i.e.,

Extraversion, was related to less efficient motor inhibitory control. This effect was

especially pronounced for very extraverted individuals. Less efficient cognitive

inhibition, reflected in a smaller NP effect, was also found for more extraverted

individuals. The activation of the BAS in Gray's model may interfere with inhibition of

the response because the function of this system is to favor the execution of responses,

especially if they are prepotent in the context. The BAS or Extraversion factor was

related to smaller P3 area to target faces. This finding is consistent with the ERP

literature but not with Gray's model. However, it was predicted that BIS also would be

related to greater P3b area and that was not found. Overall, several of our findings

suggest that more extraverted or more BAS reactive individuals may have less efficient

inhibitory systems than less extraverted individuals.

A greater number of cognitive failures in attention, memory and motor functions

suggest a less efficient inhibition system. We find that both BIS and BAS (the N and E
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factors) were related (but not significantly) to more cognitive failures. In Gray's model,

both highly reactive BIS and BAS individuals are thought to have higher arousal levels.

Thus, arousal may be related to more cognitive failures.

Kagan's Model of Temperament

Kagan has shown that children classified as behaviorally inhibited are more

fearful in unfamiliar situations and have more elevated sympathetic nervous system

(SNS) indices than less inhibited children. The behaviorally inhibited children are more

likely to become introverted as adults, according to Kagan. However, in the present

study, the SQ factor was more strongly related to our measures of Neuroticism than to

Extraversion. Furthermore, the Neuroticism measures were more strongly related to

inhibition in unfamiliar and social situations (r=.46, p<.01; r=.50, p<.001) than

Extraversion is (r=-.39, p=.02; r=-.37, p=.03), although they were all significantly

related. These strong relationships with Neuroticism suggest that Neuroticism may be an

important measure to include in longitudinal studies of behavioral inhibition in addition

to Introversion. Our ERP findings were not consistent with Kagan's notion of

behavioral inhibition being related to greater physiological activation: SQ was related to

smaller P300 amplitudes. Thus, it is possible that physiological correlates of behavioral

inhibition are only reflected in indices of SNS activation and not in ERP measures.

However, greater Nl amplitudes for more neurotic and anxious individuals were found,

reflecting a greater arousal level. Measures of sympathetic and parasympathetic

activation need to be gathered, comparing inhibited and non-inhibited adults in order to

properly assess the construct and its physiological correlates. Measures of heart rate.
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heart rate variability and EEG were also taken in this study and will be analyzed as part

of a future proj ect.

Limitations

One of the limitations of this study pertains to the size of the sample. Personality

research normally requires larger sample sizes because effect sizes are small. In order to

reliably relate personality dimensions to the BIS/BAS Scales, further research on these

relationships needs to be conducted on larger samples.

Other limitations of this study are brought on by the nature of the field of study

itself. Inconsistencies in research on personality and physiology seem to be more

common than not. It is a field of study where subtle differences in task design, demands,

characteristics, settings as well as stimulus characteristics (type, intensity, salience) may

have greater influence on performance than could be predicted. Personality may be very

sensitive to those experimental details, especially for the more inhibited or neurotic

individuals, who tend to experience more State Negative Affect in the testing situation,

as it was shown in this study. State Negative Affect may also be especially influenced

by the characteristics of the testing situation, i.e, that it is unfamiliar and social. This is

not to say that personality differences are so unpredictable that they do not follow

patterns and that research should not be pursued. It means that extra carefulness and

very well-controlled testing are required to try to establish patterns between personality

and physiology.

Even though this study has good construct validity of personality measures

(several measures of the same constructs were used) and the testing conditions were well

controlled, several unwanted variables may have influenced our findings, such as
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Stimulus intensity, stimulus salience or subject fatigue. These variables may have

impacted on arousal level differently across individuals. In future studies, when looking

at individual differences, more careful attention should be attributed to tasks and

stimulus characteristics and their influence on performance. Furthermore, the influence

of state cannot be ignored, especially in ERP testing. Having a stranger apply electrodes

to one's head is probably at least mildly uncomfortable for most people, but especially

for those who are more inhibited. The impact of this particular stress on arousal levels

and on attentional focusing needs to be investigated further to see if it accounts for

important differences in performance for the more inhibited, e.g., design studies where

the level of stress is varied to see how performance is influenced, especially for the more

inhibited individuals.

Implications

Individuals who are more inhibited may perform better under situations that are

not as stressful for them, i.e., familiar and nonsocial situations than in unfamiliar and

social situations. However, few situations nowadays are fi-ee of those types of stresses;

we live in fast-paced, novelty-seeking work and social environments that may be

distressing to more inhibited individuals who may prefer stability and familiarity. These

individuals, faced with multiple stresses from their environment, may find that

withdrawal is the alternative to increased physiological activation. This phenomenon

may be at the root of anxiety disorders: Behavioral inhibition in childhood has been

linked to anxiety disorders in adults (Rosenbaum, Biederman and Gersten, 1989).

Furthermore, anxiety is often accompanied by increased physiological activation that

contributes to the generation of anxious thoughts.
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Inhibition to familiar settings and situations may also be important and

interesting to investigate further. Without additional data at the present time, there is not

much information to describe these individuals. It will be interesting to find out more

about the characteristics of individuals who are inhibited in familiar environments. They

may be extremely vigilant to possible changes in their environment (Segalowitz et al.,

1995): if that is the case, it can be presumed that these individuals may end up with

physiological problems related to a constant increased physiological and that certainly

deserves attention
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Table 5





Table 6

Correlations between the SQ and the Personality Trait and State Questionnaires^ and the Factors.
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Table 1

1

Correlations between the P3b Amplitudes and Latencies and the Personality Trait Questionnaires for

the Auditory Oddball Task^
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Table 12

Results of the Hierarchical Regression Analysis Predicting the P3b Amplitude at Fz for the Auditory Oddball

Task.

Steps
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Table 14

Results of the Hierarchical Regression Analysis Predicting the P3b Amplitude at Pz for the Auditory Oddball

Task.

Steps



K/s
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Table 16

Correlations between the P3b Amplitudes and Latencies and the 3 Personality Factors and State

Measures for the Visual Oddball Task
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Table 17

Correlations between the P3b Amplitudes and Latencies and the Personality Trait

Questionnaires for the Visual Oddball Task *.
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Table 18

Results of the Hierarchical Regression Analysis Predicting the P3b Amplitude at Fz for the Visual Oddball

Task.

Steps
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Table 20

Results of the Hierarchical Regression Analysis Predicting the P3b Amplitude at Pz for the Visual Oddball

Task.

Steps





145

Table 22
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Table 24

Correlations between the 400-800 ms Areas to the Targets and Non-targets and the Personality Factors and State

Measures for the Facial Expressions Task.





Table 25

Correlations between the 400-800msec Area and the Personality Trait

Questionnaires for the Facial Expressions Task.
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Table 26

Results of the Hierarchical Regression Analysis Predicting the Area Under the Curve Between 400-800 ms at

Fz for the Facial Expression Oddball Task.

Steps



m^
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Table 28

Results of the Hierarchical Regression Analysis Predicting the Area Under the Curve Between 400-800 ms at

Pz for the Facial Expression Oddball Task.

Steps
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Table 30

Descriptive Statistics for P3b Amplitude and Latencies to the Targets in the Novels

Task^
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Table 32

Correlations between the P3a Amplitudes and Latencies and the Personality Trait

Questionnaires for the Novels Visual Oddball Task.
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Table 33

Results of the Hierarchical Regression Analysis Predicting the P3a Amplitude at Fz to the Novels

Steps fi Fchange p df sr^ p R^

1-Neuroticism,





Table 35

Results of the Hierarchical Regression Analysis Predicting the P3a Amplitude at Pz to the Novels
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Steps Fchange df sr" R'

1-Neuroticism,
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Table 37

Correlations between the Nl Amplitudes and Latencies and the 3 Personality Factors and State Measures

for the Auditory Oddball Task
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Table 38

Correlations between the Nl Amplitudes and Latencies and the Personality Trait

Questionnaires for the Auditory Oddball Task.
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Table 39

Results of the Hierarchical Regression Analysis Predicting the Nl Amplitude at Fz for the Auditory Oddball

Task.

Steps
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Table 41

Results of the Hierarchical Regression Analysis Predicting the Nl Amplitude at Pz for the Auditory Oddball

Task.

Steps
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Table 43

Correlations between the Nl Amplitudes and Latencies and the 3 Personality Factors and State Measures

for the Visual Oddball Task^





Table 44

Correlations between the Nl Amplitudes and Latencies and the Personality Trait

Questionnaires for the Visual Oddball Task *.
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Table 45

Results of the Hierarchical Regression Analysis Predicting the Nl Amplitude at Fz for the Visual Oddball Task.

Steps fi Fchange p df sr^ p R^

1-Neuroticism,
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Table 47

Results of the Hierarchical Regres
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Table 49

Correlations between the Nl Amplitudes and Latencies and the 3 Personality Factors and State

Measures for the Novels Visual Oddball Task
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Table 50

Correlations between the Nl Amplitudes and Latencies and the Personality Trait Questionnaires

for the Novels Visual Oddball Task

.
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Table 51

Results of the Hierarchical Regression Analysis Predicting the P3b Latency at Fz for the Auditory Oddball

Task.

Steps
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Table 53

Results of the Hierarchical Regression Analysis Predicting the P3b Latency at Pz for the Auditory Oddball

Task.

Steps



d-d.
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Table 55

Results of the Hierarchical Regression Analysis Predicting the P3b Latency at Cz for the Visual Oddball Task.

Steps
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Table 57

Descriptive Statistics for P2 and N2 Amplitudes and Latencies for the Auditory Oddball

Task.





168

Table 58

Descriptive Statistics for P2 and N2 Amplitudes and Latencies for the Visual Oddball

Task.
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Table 59

Descriptive Statistics for P2 and N2 Amplitudes and Latencies for the Novels Oddball

Task.





Table 60

Descriptive Statistics for Reaction Time in the CPT and Stop Signal Tasks.
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CPT mean SD Kurtosis Skewness minimum maximum n

Simple RT mean





Table 61

Correlations between the Reaction times on CPT, the Personality Trait and State

Questionnaires and the Factors .
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CPT Simple

RT"
CPT Press

RT"
CPT Withhold

rt''

Mean SD Mean SD Mean SD
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Table 63

Results of the Hierarchical Regression Analy;
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Table 65

Results of the Hierarchical Regression Analysis Predicting the SD|RT for the Primary Reaction time

on the Stop Task.

Steps
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Table 67
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Table 68

Correlations between the Motor Inhibition Measures, the Personality Trait and

State Questionnaires and the Factors.
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Table 69

Results of the Hierarchical Regression Analysis Predicting the Stop Signal Reaction Time.

Steps fi Fchange p df sr^ p R^

1-Neuroticism,

Extraversion
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Table 71

Results of the Hierarchical Regression Analysis Predicting the Stop Signal Reaction Time with the E-NEO as a

Predictor.

Steps fi Fchange p df sr^ p B?

1-Neuroticism,

E-NEO

2-Situational Inhibition

3-State Anxiety,

State Negative Affect,

State Positive Affect

4-Interaction

N*E .03 .78 .39 1,23 .02 .39 .34

5-Quadratic interaction

E-NEO*E-NEO 10.27 13.71 .001 1,22 .25 .001 .59

Overall F(8, 22)=3.99, p=.005

-.31
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Table 72

Descriptive Statistics for the Effects in ms in the Negative Priming Conditions *.

Mean SD Kurtosis Skewness Maximum Minimum RT
effects

(SD)

Negative priming 24.80 22.39 -.60 .16 70.44 -14.25 487.55

(59.40)

NP + facilitation -.13.21 26.10 .70 -.46 43.74 -83.90 474.34

(61.74)

NP + interference 27.83 24.35 -.11 .01 78.68 -23.95 515.38

(61.50)

NP Total' 29.68 17.07 -.67 -.10 58.81 -6.62 492.43

(58.71)

'n=36
^ reaction time was subtracted from reaction time on the control couplets (M=462.75, SD=55.78) to

compute the effects.

"^ NP total was calculated by subtracting the average ofRT on the 3 NP conditions from the confrol RT

Table 73
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Table 74

Correlations between the Negative Priming Conditions Means, the

Personality Trait and State Questionnaires " and the Factors .
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Table 75

Results of the Hierarchical Regression Analysis Predicting the NP Total Mean Effect.

Steps fi Fchange p df sr^ p R^

1-Neuroticism,
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Table 77

Results of the Hierarchical Regression Analysis Predicting the CFQ Score with E-EPQ as a Predictor.

Steps fi Fchange p df sr^ p R^

1-Neuroticism, .41 3.76 .03 2,33 .10 .057 .19

E-EPQ .37

2-Situational Inhibition, .01 .00 .99 1,32 .00 .99 .19

2,33
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Figures





184

Figure 1 . Grand Average of ERPs to the Target Tone in the Auditory Oddball Task.
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Figure 2 . Grand Average ofERPs to the Target Image in the Visual Oddball Task.
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Figure!. Grand Average ofERPs to the Target Faces in the Facial Expression Task.
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Figure. Grand Average of ERPs to the Target Image in the Visual Novels Oddball

Task.
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Figure 5 . Grand Average of ERPs to the Novel Images in the Visual Novels Oddball

Task.
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Figure 6 . Quadratic Relationship between the Extraversion factor and the Stop Signal

Reaction Time.
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Figure 6. Quadratic Interaction between the Extraversion Factor and the Stop Signal Reaction Time.
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Figure 7 . Quadratic Relationship between the Extraversion score on the NEO-PI-R and

the Stop Signal Reaction Time
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Figure 7 . Quadratic Interaction Between the Extraversion Score on the NEO-PI-R and the Stop

Signal Reaction Time.
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Appendices
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Appendix A . BIS/BAS Scales





BIS/BAS Scales (Carver and White, 1994)

Please use the following scale to answer questions 1 to 20. Circle your answer for each question.12 3 4

Strongly agree somewhat agree somewhat disagree strongly disagree

1

.

If I think something unpleasant is going to happen I usually get

pretty 'worked up'.

2. Igooutofmy way to get things I want.

3. Criticisms or scolding hurts me quite a bit.

4. I crave excitement and new sensations.

5. I feel pretty worried or upset when I think or know somebody is

angry at me.

6. When I go after something I use a 'no holds barred' approach.

7. Even if something bad is about to happen to me, I rarely experience

fear or nervousness.

8. I feel worried when I think I have done poorly at something.

9. I have very few fears compared to my friends.

10. If I see a chance to get something I want, I move on it right away.

1 1. When I get something I want, I feel excited and energized.

12. I'm always willing to try something new if I think it will be fim.

13. When I'm doing well at something, I love to keep at it.

14. When good things happen to me it affects me strongly.

15. It would excite me to win a contest.

16. I worry about making mistakes.

17. When I see an opportunity for something I like, I get excited

right away.

18. When I want something, I usually go all out to get it.

19. 1 will often do things for no other reason than they might be fim.

20. 1 often act on the spur of the moment.

1 2
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Appendix B . Situational Questionnaire





Situational Questionnaire (Rose-Krasnor, 1993)

You will find a number of brief descriptions of situations below. For each situation, you will be asked to rate your

typical response/feelings on a number of emotions. Circle the number, fi-om 1 to 5, that shows the degree to which

you would feel each emotion for each situation . One (1) corresponds to feeUng the emotion extremely and five (5) to

not feeling the emotion at all.

extremely



^oqi

ziAia. 3i;i liii



5. Shopping at the same shopping mall as always.

AnxiousVnervous



f, r

t

%m4$9^-



11. Going to your T.A/s office to ask a question.

AnxiousVnervous
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Appendix C . Consent Form 1





Consent Form 1

BROCK UNIVERSITY

DEPARTMENT OF PSYCHOLOGY

Title of study : Personality and Information Processing

Researchers : Professor S. J. Segalowitz and Researcher Helene Chevalier

Name of participant

:

(Please print)

I understand that this study in which I have agreed to participate will involve coming to the lab for two sessions for a

minimum of three hours and a maximum of four hours. On the first session, I will fill out a series of personality

questionnaires. On the second sesaon, I will complete a series of computer generated tasks. I understand that I will

get participation credit upon completion of the second part ofthe study.

I understand that I will have to fill out some personality questionnaires.

I understand that an electrode cap will be used. Electrode use and procedures have been explmned to me.

I understand that my participation in this study is voluntary and that I may withdraw fi-om the study at any time and

for any reason without penalty.

I understand that there is no obligation to answer any question or to participate in any aspects of this project that I

consider invasive.

I understand that all personal data will be kept strictly confidential and that all information will be coded so that my

name is not associated with my answers. I understand that only researchers involved in the Brock Psychophysiology

Lab will have access to the data.

Participant Signature Date

If you have any questions or concerns about your participation in the study, please contact Heldne Chevalier at

(905)688-5550, extension 4419 or 3451 or Professor Segalowitz at (905)688-5550, extension 3465.

Feedback about the use of the data collected will be available in April 1997. A written explanation will be provided

for you upon request.

Thank you very much for your participation. Please take a copy of this form with you for fiirther reference.

I have fiilly explained the procedures of this study to the above volunteer.

Researcher Signature Date
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Appendix D . Consent Form 2





Consent Form 2

BROCK UNIVERSITY

DEPARTMENT OF PSYCHOLOGY

Title of study : Personality and Information Processing

Researchers : Professor S. J. Segalowitz and Researcher Helene Chevalier

Name of participant

:

(Please print)

I understand that I will have to fill out two short questionnaires in which I will describe my present mood.

I understand that I will complete a series of simple computer-generated tasks.

I understand that electrodes will be used. Electrodes will be applied to the ears, around the eyes and on the rib cage

(for heart rate data collection). Also, electrodes will be applied to the scalp through the use of an electrode cap.

Water soluble gel or cream will be used and the skin will be cleaned with water upon completion of the study. A blunt

metal tip will be used to abrade the skin. Proper sanitary and hygienic precautions will be taken at all times during the

testing. The equipment is in good and safe condition and will be constantly monitored.

I understand that I will get participation credit upon completion of the second part of the study. The total credit will

include the time invested in the first questionnaire session (45-60 minutes).

I understand that my participation in this study is voluntary and that I may withdraw fi-om the study at any time and

for any reason without penalty.

I understand that there is no obligation to answer any question or to participate in any aspects of this project that I

consider invasive.

I understand that all personal data will be kept strictly confidential and that all information will be coded so that my

name is not associated with my answers. I understand that only researchers involved in the Brock Psychophysiology

Lab will have access to the data.

Participant Signature Date

If you have any questions or concerns about your participation in the study, please contact Helene Chevalier at

(905)688-5550, extension 4419 or 3451 or Professor Segalowitz at (905)688-5550, extension 3465.

Feedback about the use of the data collected will be available in April 1997. A written explanation will be provided

for you upon request.

Thank you very much for your participation. Please take a copy of this form with you for further reference.

I have fiilly explained the procedures of this study to the above volunteer.

Researcher Signature Date



.'?^y':> y^

iiiw ] rfb/

-'???t!''.

'!ji« girfj



196

Appendix E . State and Trait Anxiety Inventory-State Version





SELF-EVALUATION QUESTIONNAIRE
Developed by Charles D. Spielberger

in collaboration with

R. L. Gorsuch, R. Lushcne, P. R. Vagg, and G. A. Jacobs

STAI Form Y-l

Name Date S .

Age Sex: M F T

DIRECTIONS: A number of statements which people have used to

describe themselves are given below. Read each statement and then

blacken in the appropriate circle to the right of the statement to indi-
.j

cate how you feel right now, that is, at this moment. There are no right

or wrong answers. Do not spend too much time on any one statement

but give the answer which seems to describe your present feelings best.
'<y '/>. -^o -^O

1. I feel calm ® ® CD ®

2. I feel secure ® (D (D @

3. I am tense ® ® CD ®

4. I feel strained (D CD CD

5. I feel ai ease ® CT CD ®

6. I feel upset
, CD CD

7. I am presently worrying over possible misfortunes ® CD

8. 1 feel satisfied X CD

y. 1 feel frightened X /T^

10. I feel comfortable CS
'iN
vi/

1 1

.

I feel self-confident

12. I feel nervous ® ®

13. I am jittery @

14. I feel indecisive

15. I am relaxed .'..., ®

16. I feel content ®

17. I am worried ®

18. I feel confused

19. 1 feel steady © '^

20. I feel pleasant

& Consulting Psychologists Press, Inc.

3803 E. Bayshore Road • Palo Alto, CA 94303
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Appendix F . State and Trait Anxiety Inventory-Trait Version





SELF-EVALUATION QUESTIONNAIRE
STAI Form Y-2

Name Date

DIRECTIONS: A number of statements which people have used to

describe themselves are given below. Read each statement and then -v>

blacken in the appropriate circle to the right of the statement to in- % .^^ '\^.

dicate how you generally feel. There are no right or wrong answers. Do '^>^ "^4^, ^-^

not spend too much time on any one statement but give the answer ^^ "^^ '^^>. "^jy

which seems to describe how you generally feel. ^-^ "^ 'l* ^S'

21. I feel pleasant (X CD

22. I feel nervous and restless

23. I feel satisfied with myself

24. I wish I could be as happy as others seem to be 0.0
25. I feel like a failure

26. I feel rested

27. I am "calm, cool, and collected"

28. I feel that difficulties are piling up so that I cannot overcome them ® ©

29. I worry too much over something that really doesn't matter

30. I am happy 0'

31. I have disturbing thoughts

32. I lack self-confidence

33. I feel secure ®

34. I make decisions easily ©

35. I feel inadequate ®

36. I am content

37. Some unimportant thought runs through my mind and bothers me 0®®
38. 1 take disappointments so keenly that I can't put them out of my

mind

39. I am a steady person

40. I get in a state of tension or turmoil as I think over my recent concerns

and interests ©

Copyright 1968. 7 977 by Charlrs D. Spirlbcrgrr. Ripmduttinn of thu list or any portion iht-nutf
by any procfss without wnltcn permission uf thr Publisher is prohibited.
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Appendix G . Positive and Negative Affect Scales-State Version





Positive and Negative Affect Scales (PANAS)

Watson, Clark <& Teilegen (1988)

This scale contains a number of words that describe different feelings and emotions.

Read each item and then mark the appropriate answer in the space next to that word. Indicate to

what extent youfeel this way right now, that is, at the present moment. Use the following scale

to record your answers.

1



yp^
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Appendix H . Positive and Negative Affect Scales-Trait Version





Positive and Negative Affect Scales (PANAS)

Watson, Clark & Tellegen (1988)

This scale contains a number of words that describe different feelings and emotions.

Read each item and then mark the appropriate answer in the space next to that word. Indicate to

what extent you generallyfeel this way, that is, how youfeel on the average. Use the following

scale to record your answers.

1
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Appendix I . Medical History Checklist





Code : Date :

Age : Handedness (L or R)

:

HEALTH AND MEDICAL HISTORY

This IS a checklist ofseveral health related problems. Please check all items that apply to yourselfand
indicate with a check mark in the columns on the left whether the problems are past or current Please
also write down your age andyour handedness (whether you are right or left handed) on the top of this

Past Current

Serious childhood diseases (e.g., measles, chicken pox, scarlet fever)

High fevers

Serious infections

Diabetes

Liver problems

Kidney problems

Stroke

Seizures

Hypertension

Heart problems

Asthma

Tuberculosis

Skin disorders

Serious allergies

Cancer

Surgery

High levels of anxiety

Serious bouts of depression



'irtl P:U<
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Other psychiatric problems

Problems with vision. If yes, is it corrected ?

Hearing problems

Paralysis or numbness

Fainting or dizziness

Serious headaches

Blurred vision

Stomach problems. Digestion problems. Ulcers

Bowel or bladder problems

Movement problems. Sore joints

Speech impediments

Stuttering

Special problems with reading

Special problems with arithmetic or number skills

Special problems with activity level

Special problems with controlling attention

Immune disorders

Mono, Epstein Barr or some other long lasting virus

Chronic fatigue syndrome

Loss or decrease in the ability to smell and/or taste food

Problems with appetite (eating more than required)

Problems with appetite (eating less than required)

Anorexia (not eating and fear of fat though underweight)

Bulimia (eating huge quantities then bringing up)

Injuries, falls, broken bones

Sports injuries

Head injury/concussion. If yes, how long were you unconcious ?

Loss of conciousness



Jll;

i:}mni^r''



QUESTIONS REGARDING SLEEP : Do you have difficulty with any of the following ? Please

check items that apply.

Going to sleep

Awakening during the night

Getting back to sleep after awakening in the night

Early morning awakenings

Difficulty staying awake during the day

Difficulty concentrating

MEDICATION AND DRUGS

:

Are you taking any prescribed or over-the-counter medications ? Yes No

If yes, please list

:

Medication Purpose

Would you please describe your use of the following according to this criteria

:

NONE VERY LITTLE MODERATE AMOUNT HEAVY USE

Caffeine (as in coffee, tea, chocolate, soft drinks) ?

Alcohol (beer, wine, liquor) ?

Other recreational drugs or mood altering drugs ?

Thank you very much !
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Appendix J . Eysenck Personality Questionnaire





Eysenck Personality Questionnaire

(Eysenck& Eysenck, 1975)

This questionnaires contains a series of questions. Please read each question carefully and
check the box that best describes yourself For every question, mark only one box.

1. Do you have many different hobbies ?

2. Do you stop to think things over before doing anything ?

3. Does your mood often go up and down ?

4. Have you ever taken the praise for something you knew

someone else had really done ?

5. Are you a talkative person ?

6. Would being in debt worry you ?

7. Do you ever feel 'just miserable' for no reason ?

8. Were you ever greedy by helping yourself to more than your

share or anything ?

9. Do you lock up your house carefully at night ?

10. Are you rather lively ?

1 1

.

Would it upset you a lot to see a child or an animal suffer ?

12. Do you often worry about things you should not have

done or said ? Yes No

13. ffyou say you will do something, do you always keep your

promise no matter how inconvenient it might be ? Yes Q No

14. Can you usually let yourself go and enjoy yourself at a

lively party ?

15. Are you an irritable person ?

16. Have you ever blamed someone for doing something you

knew was really your fault ?

17. Do you enjoy meeting new people ?

1 8. Do you believe insurance plans are a good idea ?

19. Are your feelings easily hurt ?

YesQ
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20. Are all your habits good and desirable ones ?

2 1

.

Do you tend to keep in the background on social occasions ?

22. Would you take drugs which may have strange or dangerous

effects ?

23. Do you often feel 'fed up' ?

24. Have you ever taken anything (even a pin or button) that

belonged to someone else ?

25. Do you like going out a lot ?

26. Do you enjoy hurting people you love ?

27. Are you often troubled by feelings of guilt ?

28. Do you sometime talk about things you know nothing about ?

29. Do you prefer reading to meeting people ?

30. Do you have enemies who want to harm you ?

31. Would you call yourself a nervous person ?

32. Do you have many friends ?

33. Do you enjoy practical jokes that can sometimes really

hurt people.

34. Are you a worrier ?

35. As a child did you do as you were told immediately and

without grumbling ?

36. Would you call yourself happy-go-lucky ?

37. Do good manners and cleanliness matter much to you ?

38. Do you worry about awful things that might happen ?

39. Have you ever broken or lost something belonging to

someone else ?

40. Do you usually take the initiative in making new friends ?

41. Would you call yourself tense or 'highly-strung' ?

42. Are you mostly quiet when you are with other people ?

YesQ
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43. Do you think marriage is old-fashioned and should be

done away with ?

44. Do you sometimes boast a little ?

45. Can you easily get some life into a rather dull party ?

46. Do people who drive carefully annoy you ?

47. Do you worry about your health ?

48. Have you ever said anything bad or nasty about anyone ?

49. Do you like telling jokes and funny stories to your friends ?

50. Do most things taste the same to you ?

51. As a child did you ever talk back to your parents ?

52. Do you like mixing with people ?

53. Does it worry you if you know there are mistakes in your work ? Yes

54. Do you suffer from sleeplessness ?

55. Do you always wash before a meal ?

56. Do you nearly always have a 'ready answer' when people

talk to you ?

57. Do you like to arrive at appointments in plenty oftime ?

58. Have you often felt listless and tired for no reason ?

59. Have you ever cheated at a game ?

60. Do you like doing things in which you have to act quickly ?

6 1

.

Is (or was) your mother a good woman ?

62. Do you often feel life is very dull ?

63. Have you ever taken advantage ofsomeone ?

64. Do you often take on more activities than you have time for ?

65. Are there several people who keep trying to avoid you ?

66. Do you worry a lot about your looks ?

67. Do you think people spend too much time safeguarding

their future with savings and insurances ?

68. Have you ever wished that you were dead ?

YesQ
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69. Would you dodge paying taxes ifyou were sure you could

never be found out ?

70. Can you get a party going ?

71. Do you try not to be rude to people ?

72. Do you worry too long after an embarrassing experience ?

73. Have you ever insisted on having your own way ?

74. When you catch a train do you often arrive at the last minute ?

75. Do you suffer from 'nerves' ?

76. Do your friendships break up easily without it being your fault ? YesQ
77. Do you often feel lonely ?

78. Do you always practice what you preach ?

79. Do you sometimes like teasing animals ?

80. Are you easily hurt when people find fault with you or the

work you do ?

81. Have you ever been late for an appointment or work ?

82. Do you like plenty of bustle and excitement around you ?

83. Would you like other people to be afraid ofyou ?

84. Are you sometimes bubbling over with energy and sometimes

very sluggish ? Yes No

85. Do you sometimes put off until tomorrow what you ought

to do today ?

86. Do other people think ofyou as being very lively ?

87. Do people tell you a lot of lies ?

88. Are you touchy about some things ?

89. Are you always willing to admit it when you have made

a mistake ?

90. Would you feel very sorry for an animal caught in a trap ?

Please check to see that you have answered all the questions.

YesQ
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Appendix K . NEO-PI-R: E and N Scales





NEO PI-R

Revised NEO Personality Inventory

Paul T. Costa, Jr 8c Robert R, McCrae, 1992

This questionnaires contains 96 statements. Please read each item carefully and circle the one

answer that best corresponds to your agreement or disagreement.

Circle 'SD ifthe statement is definitely false or ifyou strongly disagree.

Circle 'D' if the statement is mostly false or ifyou disagree.

Circle 'N' if the statement is about equally true or false, ifyou cannot decide,

or ifyou are neutral on the statement.

Circle 'A' if the statement is mostly true or ifyou agree

Circle *SA' ifthe statement is definitely true or ifyou strongly agree.

There are no right or wrong answers, and you need not be an 'expert' to complete this

questionnaire. Describe yourself honestly and state your opinions as accurately as possible.

Answer every item.

1. I am not a worrier.

2. I really like most people I meet.

3. I often get angry at the way people treat me.

4. I shy away from crowds of people.

5. I rarely feel lonely or blue.

6. I am dominant, forceful, and assertive.

7. In dealing with other people, I always dread making a social

blunder.

8. I have a leisurely style in work and play.

9. I rarely overindulge in anything.

10. 1 often crave excitement.

1 1. 1 often feel helpless and want someone else to solve my

problems.

12. 1 have never literallyjumped for joy.

13. 1 am easily frightened.

14. 1 don't get much pleasure from chatting with people.

15. I'm an even-tempered person. SD D N A SA

SD
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16. 1 like to have a lot of people around me.

17. Sometimes I feel completely worthless.

18. 1 sometimes fail to assert myself as much as a should.

19. 1 seldom feel self-conscious when I'm around people.

20. When I do things, I do them vigorously.

21.1 have trouble resisting my cravings

22. 1 wouldn't enjoy vacationing in Las Vegas.

23. 1 feel I am capable of coping with most ofmy problems.

24. 1 have sometimes experienced intense joy or ecstasy.

25. 1 rarely feel fearful or anxious.

26. I'm known as a warm and friendly person.

27. 1 am known as hot-blooded and quick-tempered.

28. 1 usually prefer to do things alone.

29. 1 am seldom sad or depressed.

30. 1 have often been a leader of groups I have belonged to.

3 1

.

At times I have been so ashamed I just wanted to hide.

32. My work is likely to be slow but steady.

33. 1 have little difficulty resisting temptation.

34. 1 have sometimes done things just for 'kicks' or 'thrills'.

35. When I'm under a great deal of stress, sometimes I feel like

I'm going to pieces.

36. 1 am not a cheerful optimist.

37. 1 often feel tense and jittery.

38. Many people think ofme as somewhat cold and distant.

39. 1 am not considered a touchy or temperamental person.

40. 1 really feel the need for other people if I am by myself

for long. SD D N A SA

41.1 have sometimes experienced a deep sense of guilt or

sinfulness.

42. In meetings, I usually let others do the talking

SD
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43. It doesn't embarrass me too much if people ridicule and

tease me.

44. 1 often feel as ifFm bursting with energy.

45. When I am having my favorite foods, I tend to eat too much. SD

46. 1 tend to avoid movies that are shocking or scary.

47. 1 keep a cool head in emergencies.

4i Sometimes I bubble with happiness.

49. Fm.seldom apprehensive about the future.

50. 1 really enjoy talking to people.

51.1 often get disgusted with people I have to deal with.

52. 1 prefer jobs that let me work alone without being bothered

by other people.

53. 1 tend to blame myselfwhen anything goes wrong.

54. Other people often look to me to make decisions.

55. 1 often feel inferior to others.

56. I'm not as quick and lively as other people.

57. 1 seldom give in to my impulses.

58. 1 like to be where the action is.

59. It's often hard for me to make up my mind.

60. 1 don't consider myself especially 'light-hearted'.

61.1 often worry about things that might go wrong.

62. 1 find it easy to smile and be outgoing with strangers.

63. It takes a lot to get me mad.

64. I'd rather vacation at a popular beach than an isolated

cabin in the woods.

65. 1 have a low opinion of myself

66. 1 would rather go my own way than be a leader of others.

67. 1 feel comfortable in the presence ofmy bosses or other

authorities.

68. 1 usually seem to be in a hurry.

SD
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94. 1 like being part of the crowd at sporting events.

95. Fm pretty stable emotionally.

96. 1 laugh easily.

SD
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Appendix L . Cognitive Failures Questionnaire





^^-^ rrfiirryaili^ '^fei'waill

THE CFQ

The following questions are about minor mistakes which evervonA rr.01. .t.me to time, but some of which happen more onen than oS wTl^^^
^'^"^

know how often these things have happened tryou In "he i^^^^^^^^Please circle the appropriate number - ^ nionths.

1

.

Do you read something and find you haven't
been thinking about it and must read it again?

2. Do you find you forget why you went from one
part of the house to the other?

3. Do you fail to notice signposts on the road?

4. Do you find you confuse right and left when
giving directions?

5. Do you bump into people?

6. Do you find you forget whether you've tumed
off a light or a fire or locked the door?

7. Do you fail to listen to people's names when
you are meeting them?

8. Do you say something and realize afterwards
that it might be taken as insulting?

9. Do you fail to hear people speaking to you
when you are doing something else?

10. Do you lose your temper and regret it?

1 1. Do you leave important letters unanswered for
days?

12. Do you find you forget which way to turn on a
road you know well but rarely use?

13. Do you fail to see what you want on a
supermarket shelf (although it's there)?

14. Do you find yourself suddenly wondering
whether you've used a word correctly?

Very Quite Very
often often OccaslonalV rarely Never

4

4

4

4

4

4

3

3

3

3

3

3

2

2

a

2

2

4 3 2

4 3 2

4 3 2
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V«ry Quite Very
often often Occasionally rarely Never

1

1

15. Do you have trouble making up your mind? 4 3 2

1 6. Do you find you forget appointments? 4 3 2

17. Do you forget where you put something like a 4 3 o i «
newspaper or a book? ^^ ^ i

18. Do you find you accidentally throw away the 4 3 3 i a
thing you want and keep what you meant to

^ «

throw away - as in the example of throwing
away the matchbox and putting the used
match in your pocket?

1 9. Do you daydream when you ought to be 4 3 o ^ «
listening to something? ^ ^ i Q

20. Do you find you forget people's names? 4 3 2

21

.

Do you start doing one thing at home and get 4 3 2
distracted into doing something else
(unintentionally)?

22. Do you find you can't quite remember 4 3 2something although it's 'on the tip of your
tongue'?

23. Do you find you forget what you came to the 4 3 2
shops to buy?

24. Do you drop things? 4

1

1

25. Do you find you can't think of anything to 4 3 2 1
say?

3 2 1
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