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Abstract

Event-related potentials were recorded from 10-year-old children and young adults in

order to examine the developmental dififerences in two frontal lobe functions: detection of

novel stimuli during an auditory novelty oddball task, and error detection during a visual

flanker task. All participants showed a parietally-maximal P3 in response to auditory stimuli.

In children, novel stimuli generated higher P3 amplitudes at the frontal site compared with

target stimuli, whereas target stimuli generated higher P3 amplitudes at the parietal site

compared with novel stimuli. Adults, however, had higher P3 amplitude to novel tones

compared with target tones at each site. Children also had greater P3 amplitude at more

parietal sites than adults during the novelty oddball and flanker tasks. Furthermore, children

and adults did not show a significant reduction in P3 amplitude from the first to second novel

stimulus presentation. No age differences were found with respect to P3 latency to novel and

target stimuli. These findings suggest that the detection of novel and target stimuli is mature

in 10-year-olds.

Error trials typically elicit a negative ERP deflection (the ERN) with a frontal-central

scalp distribution that may reflect response monitoring. There is also evidence of a positive

ERP peak (the Pe) with a posterior scalp distribution which may reflect subjective

recognition of a response. Both children and adults showed an ERN and Pe maximal at

frontal-central sites. Children committed more errors, had smaller ERN across sites, and had

a larger Pe at the parietal site than adults. This suggests that response monitoring is still

immature in 10-year-olds whereas recognition of and emotional responses to errors may be

similar in children and adults.





Measures of personality and temperament were also examined in relation to the P3,

ERN and Pe in 10-year-old children and adults. In general, negative affective traits

(neuroticism, shyness, emotionality) were negatively related to P3 and Pe amplitude whereas

the positive affective trait (extraversion) was positively related to P3 and Pe amplitude. These

results suggest that positive and negative affective traits have unique neurophysiological

underpinnings and differentially reflected in ERP components. Childhood psychoticism was

positively associated with ERN amplitude whereas adult psychoticism was negatively related

to the ERN. This suggests psychoticism may tap different aspects of personality or the ERN

indexes different processes in children and aduhs. Finally, a high level of obsessive-

compulsive behavior in children was associated with increased ERN amplitude and replicates

previous findings with adults.
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Section I: General introduction

The advent ofnew techniques in neuroscience has stimulated the study ofthe human

brain across the lifespan. The frontal cortex, in particular, has become the focus of much

scientific investigation in an attempt to understand higher cognitive functions and emotion.

The tendency to segregate these issues may be fruitless since mounting research suggests that

cognitive and emotional processes are intertwined. Emotions "colour" the way individuals

encode, interpret, recall, and act upon the external world (McNally, 1998). Deficient

processing at any one of these steps may lead to psychopathology. For example, cognitive

biases may be at the root of depression, anxiety-related disorders (Beck, 1985; Beck, Emery,

Greenberg, 1976) and aggressive behaviors (Crick & Dodge, 1996; Dodge & Coie, 1986).

Mood induction studies suggest that affective states influence recall on cognitive tasks

(Teasdale & Russell, 1983), while other studies have shown that depressed individuals have

over-general memories and difficulty recalling personal memories (Willams, 1996). As well,

highly anxious individuals may display better selective attention to threatening information

compared with their low anxious counterparts (van Honk, et al., 2000). These findings

underscore the need to integrate cognition and emotion in order to understand the brain bases

of complex cortical functions and the successful adaptation of humans to the environment.

The purpose ofthe present study was two-fold: (1) to determine whether cognitive

processes such as novelty and error detection (as indexed by electrophysiological measures)

differ between children and adults; and (2) to determine whether individual differences in

temperament and personality influence these measures. The current study focused on the

novelty P3, target P3, the ERN and Pe (described below) as well as resting electrical brain

activity in a sample of 10 year-old children and young adults.





This report has been divided into five major sections. In this first section, a general

introduction is given which focuses on the development and fiinction of the fi-ontal cortex

and electrophysiological techniques used in this study. The electrophysiological components

examined in this study (P3, ERN, Pe) are described with emphasis on their fiinctional

significance and the development of these components during childhood and adulthood.

Finally, fi'ontal lobe activation asymmetries in relation to emotion and motivation are

discussed. In the second section, the procedures and methods used in this study are

discussed. The third section focuses on developmental electrophysiological differences

between 10-year-old children and adults during two tasks employed in this study: the novelty

oddball and flanker task. The fourth section explores the relationship between personality

and the electrophysiological components of this study in both children and adults. The fifth

and final section gives a general discussion including conclusions ofthe findings, possible

fijture directions and limitations of the study.

1.1 Development and function of the frontal cortex

The development of the human brain follows a gradual and systematic course that

begins well before birth and continues into late adolescence. By the fifth week after

conception, neurons are generated by division of proliferating cells within a few discrete

zones of the undeveloped brain. Following neurogenesis, neurons must migrate fi'om these

proliferative zones to their final destinations (Huttenlocher, 1994; Johnson, 1993; Sidman &

Rakic, 1973). Cells destined for cortical regions migrate past previously generated cells and

are in place well before birth (Sidman & Rakic, 1973). Major cell growth and the formation

of synapses ("synaptogenesis") occur postnatally for all cortical areas. However, the rate and

completion of synaptogenesis occur at different ages in different brain regions (Johnson,





1993; Huttenlocher, 1994). During this period, there is actually an over-production of

synapses in the cerebral cortex (Rakic, 1972, 1974; Rakic, Goldman-Rakic & Gallagher,

1988). Peak synapse densities in the primary sensory regions (i.e., visual, auditory and motor

cortex) are achieved as early as the second year whereas peak densities in the prefrontal

cortex are achieved within the third year of life (Huttonlocher & Dabholker, 1997;

Rabinowicz, 1979). Contributing to this rapid brain growth is the process of myelination in

which a fatty sheath surrounds neuronal pathways to increase the efficiency of information

transfer. Again, sensory regions complete myelination before areas in the cortex. By the

culmination of such processes, the young brain initially exceeds the volume and density of

the mature brain (Johnson, 1993).

Maturation of the human brain also involves processes in which the number of

neurons and synapses decrease. As neural pathways are strengthened by environmental

demands and/or experience, elimination of (presumably) non-critical or redundant

connections and inefficient cells occurs (Greenough, Black & Wallace, 1987; Quartz &

Sejnowski, 1997). As with brain growth, the timing of 'pruning' phases (Huttenlocher,

1994) varies across cortical regions. For example, pruning in the primary sensory regions is

complete between 2 to 4 years of age whereas the prefrontal cortex is still maturing into

adolescence (Chugani, 1994; Huttenlocher, 1979). This is not surprising since most of the

functions associated with the frontal cortex also develop gradually throughout childhood and

adolescence (Huttonlocher & Dabholker, 1997; Welsh, 2001). As well as the development of

specialized skills, this pruning coincides with a reduction in cortical plasticity of most

functions (Chugani, 1996). Frontal lobe changes appear to be stable by late adolescence.





and with increasing age a decline in frontal lobe functions occurs (Kolb & Wishaw, 1990;

Luria, 1973;Moscovitch&Wincour, 1992).

Specific functions of the prefrontal cortex remain unclear. This is due, in part, to the

scope ofbehaviors and cognitive tasks that are impaired following focal and/or non-focal

prefrontal damage (Pennington, 1997). However, successful adaptive cognitive and social

behaviors are dependent upon the maturation of this region. Prefrontal cortex processes are

often referred to as "executive functions" which include planning, goal formation, mental

flexibility and inhibition, working memory and self-regulation (Eslinger, Biddle, Grattan,

1997; Pennington, 1997).

1.2 Electroencephalography and event-related potentials

Electroencephalographic (EEG) techniques have become a relatively inexpensive and

non-invasive instrument to explore issues in cognitive and emotional development (Schmidt

& Fox, 1998). Brain electrical activity basically consists of a mixture of rhythmic,

sinusoidal-like fluctuations in voltage. Voltage is recorded as the potential difference

between what is considered an active site and an inactive site (Nunez, 1981). EEG simply

reflects the recording, amplification and quantification of this fluctuating electrical signal

originating (primarily) from the cerebral cortex (Regan, 1989).

Brain electrical activity is often described by 'frequency' (i.e., how many cycles

occur in a specified time interval) and 'amplitude' (i.e., magnitude) (Regan, 1989). EEG

frequencies vary as a function of state (waking versus sleeping), mental activity (attention

and/or mental effort versus relaxation) and age. EEG frequencies change rapidly during the

first year after birth and continue to develop throughout childhood until reaching adult levels

(Hagne, 1972; Hagne et al, 1973; Mizuno et al., 1970). EEG is therefore a usefiil tool to





index the excitability of various cortical regions over time and across development. To do

so, researchers commonly perform a spectral power analysis in which complex waveforms

are broken down into simple sine wave components varying in frequency and amplitude.

From this, an estimate ofpower (i.e., energy) is attained (Regan, 1989; Schmidt & Fox,

1998).

In contrast to continuous EEG recording, event-related potentials (ERPs) reflect the

activation or inhibition of synchronous cortical neurons in response to or in preparation for

discrete events (Allison, Wood & McCarthy, 1986; Fabiani, Gratton, & Coles, 2000). That

is, samples ofEEG are time-locked to repeated occurrences of a particular event (and

commonly averaged). The recorded waveform fluctuations during these epochs thus reflect

the "mental operations" on a stimulus (Polich, 1993). ERPs may therefore be particularly

useful in probing frontal cortex functions. Researchers have now identified many ERP

components that covary (in terms of their latency and positive versus negative peaks) in

response to specific stimuli. These ERP components are described in terms ofpeak

amplitude (maximum or minimum), scalp location and the neural structures that generate

them (Fabiani et al., 2000).

1.3 The novelty P3 and target P3

1.3.1 Definition of the novelty P3

Included in the domain of attention is orienting to novel events. Orienting to novel

stimuli is an involuntary process (Courchesne, Hillyard, & Galambos, 1975; Knight &

Scabini, 1998; Squires, Squires, & Hillyard, 1975; Snyder & Hillyard, 1976) essential for

adapting to a rapidly changing environment (Berlyne, 1960; Sokolov, 1963; Daffher,

Mesulam, Scinto, Cohen, Kennedy, & West, 1998; Daffiier, Scinto, Weintraub, Guinessey, &





Mesulam, 1994). It is a process by which attention is shifted so that further cognitive activity

may be directed towards significant events (Daffher, et al., 1998; Kahneman, 1973; Ohman

1979;Posner, 1986; Rohrbaugh, 1984). Orienting responses are particularly important

during development, as young children are constantly assimilating "novel" environmental

events in order to acquire large amounts of new information (Cycowicz & Friedman, 1997).

Orientation to unexpected and novel stimuli generates a large scalp P300 response,

the novelty P3 (Courchesne, 1978; Courchesne, et al, 1975; Squires, et al., 1975). The

novelty P3 is a large, positive ERP deflection v^th a fi^ontal-central distribution and a latency

to peak at about 320 ms (Cycowicz & Friedman, 1997). It is evoked by infi-equent, task-

irrelevant (non-target) novel stimuli in all ofthe primary sensory modalities and is thought to

reflect involuntary attention shifts to changes in the environment (Friedman & Simpson,

1994; Spencer, Dien & Donchin, 1999) and the amount of effortfiil processing allocated

towards that task (Segalowitz, Wintik, & Cudmore, 2001; Toni, Krams, Turner &

Passsingham, 1998). Accordingly, novel stimuli (which do not yet have internal

representations in memory) require more effortfiil processing than precategorized stimuli

(Fabiani & Friedman, 1995). The novel P3 habituates with repetition of the novel event as

indexed by a relative decrease in wave amplitude in frontal sites and a "shift" in scalp

distribution to parietal sites (Cycowicz & Friedman, 1994; Kazmerski & Friedman, 1995).

1.3.2 Definition of the target P3

The novelty P3 can be distinguished from the target P3 (usually referred to as the

P3b). The P3b has a posterior-parietal scalp distribution with (usually) a longer peak latency

than the novelty P3. The P3b is evoked by precategorized (non-novel) stimuli and is

associated with stimulus evaluation processes (Courchesne, et al., 1975; Cycowicz, Friedman





& Rothstein, 1996; Donchin & Coles, 1988; Grillon, Courchesne, Ameli, Elmasian, & Braff,

1990), as it has been observed in tasks requiring some form of action, whether covert or overt

responses (Donchin, Kramer, & Wickens, 1986). Studies investigating the effect of

repetition of target stimuli have shown there is a decrease in P3b amplitude and no shift in

scalp distribution of the P3b over time (Cycov^cz & Friedman, 1994; Cycowicz, et al., 1996;

Kazmerski & Friedman, 1995).

1.4 The novelty and target P3: Source localization studies

The P300 does not reflect the processing of any one particular brain region. Instead,

multiple neocortical and limbic regions are involved in modulating voluntary and involuntary

attention to discrete events (Knight & Scabini, 1998). Source localization studies have

demonstrated that the auditory P3b was associated with distributed activity in areas such as

the thalamus, temporal lobe, hippocampus and insula (Rogers, Basile, Papanicolaou,

Eisenberg, 1993; Rogers, et al., 1991). In a recent series of functional magnetic resonance

imaging (fMRI) studies, McCarthy and colleagues (Kirino, Belger, Goldman-Rakic &

McCarthy, 2000;Yamasaki, LaBar, McCarthy, 2002) demonstrated that visual target stimuli

(i.e., non-novel) primarily activated the posterior parietal cortex and also activated the

dorsolateral prefrontal cortex (DLPFC) (in particular the middle frontal gyri). Similar

results have been found using auditory stimuli (Hinton, MacFall & McCarthy, 1999).

The prefrontal cortex has also been implicated as the primary generator of the novelty

P3 (Knight, 1984; Luria, 1973; Woods & Knight, 1986). Knight and colleagues (Knight,

1984, 1997; Knight & Scabini, 1998; Swick & Knight, 1993, 1994) have consistently shown

that patients with damage to the frontal lobes (in particular the DLPFC) exhibit significantly

reduced novelty P3 amplitude in response to simple and complex novel stimuli. On the one





hand, damage to prefrontal cortical regions afiFected the novelty P3 while the P3b was

unaffected. On the other hand, temporal-parietal damage has been shown to reduce the

amplitude of both the novelty and target P3 at posterior scalp sites (Knight, Scabini, Woods

& Clayworth, 1989). The authors concluded that the DLPFC is primarily involved in the

generation of the novelty P3 and this is dependent on task-relevance whereas the posterior

cortex is involved in attention to deviant stimuli independent ofthe degree of novelty (Knight

& Scabini, 1998). Taken together, these results underscore that neither the novelty P3 nor

the P3b are unitary brain potentials but involve distributed systems to detect discrepant

events in the "ongoing sensory stream" (Knight & Scabini, 1998).

1.5 The novelty and target P3: A developmental perspective

Other areas of research have focused on P3 responses across the lifespan in healthy

participants. P3 latency, for example, decreases during childhood (reflecting the maturation

of the frontal cortex and the "speeding up" of cognitive processes) and increases again after

puberty (Courchesne, 1978; Goodin, Squires, Henderson, & Starr, 1978; Kipelainen,

Partanen, & Karhu, 1999). There is also a good deal of evidence suggesting that P300

amplitude increases during childhood and decreases after puberty (Goodin, et al, 1978;

Friedman, Putnam, & Sutton, 1989; Shibasaki & Miyazaki, 1992; Smith, Michalewski,

Brent, & Thompson, 1980).

Much attention has also been given to the decline of frontal lobe functioning from

young to late adulthood using novel and non-novel (or precategorized) stimuli. Friedman

and colleagues (Fabiani & Friedman, 1995; Kazmerski & Friedman, 1995) demonstrated that

for young adults, unique novel sounds produced a frontally-oriented scalp distribution

whereas target stimuli were more parietally oriented. Repetition of the novel and target





stimuli resulted in decreased P3 amplitude at frontal sites and a less frontally- and greater

parietally-oriented P3. In contrast, both the novel and target stimuli had a frontal scalp

distribution in elderiy participants. In other words, novel and target stimuli continued to

elicit increased frontal activity in older subjects over time instead of exhibiting the usual

decrease in amplitude at the fi-ontal sites. Elderly participants also showed an increase in P3

latency to the novel and non-novel sounds. The authors suggested that elderly subjects had

to direct greater resources to the processing ofboth novel and non-novel sounds

(Courchesne, 1978; Kazmerski & Friedman, 1995), which corresponds to reduced frontal

lobe functioning in elderly adults.

Several studies have been directed toward the development of the auditory P3 in

infants and children with consistent results. For example, Mclsaac and Polich (1992)

demonstrated that the scalp distribution ofERP waveforms in response to auditory target

stimuli was similar (maximal at central-parietal sites) in infants and adults. However, infants

demonstrated significantly smaller amplitudes and longer latencies than adults. The authors

suggested that these two age groups differed only in the degree, but not the manner to which

they responded to target stimuli. In another study, Ladish and Polich (1989) reported that the

amplitude of the P3 was similar in 5-year-olds and adults. Similarly, Johnstone and

colleagues (Johnstone, Barry, Anderson, & Coyle, 1996) found that participants aged 8 to 17

years exhibited parietally maximal P3 amplitude to target auditory stimuli that did not differ

with increasing age. The latency of the P3 did show the age effect such that latency

decreased with increasing age. Taken together, these results suggest that the amplitude ofthe

P3 in response to target stimuli reaches adult levels by middle childhood whereas P3 latency

continues to decrease into adolescence.





Research investigating the development of the P3 in response to novel stimuli in

healthy children has been scant. Friedman and colleagues (Cycowicz, Friedman &

Rothstein, 1996) investigated the auditory target and novelty P3 in children at various ages:

5-7, 9-1 1, 13-16 and 20-28 years. The authors reported that target P3 amplitude was maximal

at parietal sites in all age groups and concluded that processing of target stimuli did not differ

as a function of age. In response to novel stimuli, the novehy P3 amplitude was maximal at

central sites for 5-7 year-olds whereas the amplitude was maximal at central and parietal sites

for all other age groups. Repetition of the novel stimulus, however, resulted in reduced

novelty P3 amplitude at frontal sites for all age groups. P3 peak latencies ofthe novelty and

target P3 decreased with increasing age and did not change with repetition ofthe novel

sounds. The authors concluded that, although the scalp distribution differed between very

young children and old children and adults, the function reflected by the novelty P3 did not

change from childhood to adulthood. Furthermore, the brain mechanisms responsible for

generating the novelty response were relatively mature in young children (Cycowicz &

Friedman, 1997; Cycowicz et al., 1996).

1.6 Error-related response negativity (ERN) and positivity (Pe)

1.6.1 Definition of the ERN

Response monitoring and error detection are also essential aspects of adaptive

behavior. As such, humans may possess a "general error-processing mechanism" (Bernstein,

Schefifers & Cole, 1995; Dikman & Allen, 2000; Leuthold & Sommer, 1999) or simply a

"response-checking" mechanism (Falkenstein, Hoormann, Christ, & Hohsbein, 2000) that

checks ongoing behavior against a standard of intended goals (Schefifers & Coles, 2000).

There is now a growing debate as to whether this monitoring system consists of two ERP
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components that represent different aspects of error processing: (1) the error negativity

(ERN); and (2) the error positivity (Pe) (Falkenstein, Hohnsbein, & Hoormann, 1991;

Falkenstein, et al., 2000; Niewenhuis, Ridderinkhof, Blom, & Band, 2001).

The ERN is a frontal-centrally distributed negative deflection in the ERP (Dehaene,

Posner, & Tucker, 1994; Falkenstein, Hoorman & Hohnsbein, 1991; Gehring, Gross, Coles,

Meyer, & Donchin, 1993) peaking 80-1 10 msec after a response (Luu, Flaisch, & Tucker,

2000). The ERN can occur following (1) errors of choice (i.e., withholding a response); (2)

errors of action (i.e., making an inappropriate response) (Scheffers, Coles, Bernstein,

Gehring & Donchin, 1996); and (3) errors of inaction (i.e., failing to respond within a

designated response time) (Luu, Flaisch, & Tucker, 2000). The ERN also appears larger in

amplitude when errors are made on tasks that emphasize accuracy and not speed (Gehring,

Coles, Meyer, & Donchin, 1990; Gehring, et al., 1993; Luu, Collins, & Tucker, 2000).

However, Luu, Flaisch and Tucker (2000) demonstrated that in a speeded task, increasingly

late responses were associated with increasingly large ERNs.

ERN amplitude may be dependent on a subject's awareness that a response was

incorrect (Dehaene, et al., 1994) such that the more easily an error is detected and/or the

more confident a subject is in having made an error, the larger the ERN amplitude

(Falkenstein, et al., 2000; Gehring & Knight, 1996; Scheffers & Cole, 2000). For example,

Scheffers and Coles (2000) measured the ERN and asked participants to rate perceived

accuracy of their response at the end of each trial using five ratings: sure correct, unsure

correct, don't know, unsure incorrect, sure incorrect. These authors reported that perceived

accuracy covaried with ERN amplitude: certainty of having erred was associated with a large

ERN; uncertainty was associated with an ERN of intermediate amplitude; and certainty of
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correctness was associated with a small ERN. In another study, Dehaene and colleagues

(Dehaene et al., 1994) demonstrated there was no ERN when subjects were unaware of

making an error. However, Nieuwenhuis et al. (Nieuwenhuis, et al., 2001) recently reported

that the ERN did not depend on the subjects' explicit awareness of having erred (i.e., the

ERN appeared on error trials even ifthe participant was not certain that they had erred).

Stemmer and colleagues (Stemmer, Segalowitz, Witzke, Lacher, & Schonle, 2001) have also

found that some patients with damage to the anterior cingulate did not produce the ERN but

were well aware of having erred. Taken together, these results suggest the ERN may reflect

the general response checking process or result from being confident of success with the

detection mechanism and ERN production being separate processes.

The CRN is a negative deflection in ERP peaking 80-1 10 msec after a correct

response. As suggested by Coles and colleagues (Coles, Schefifers, & Holroyd, 2001) on-

going behaviors are checked against a standard or representation of the appropriate response.

It may be that all behaviors, whether correct or incorrect, are accompanied by similar

associated patterns of cortical activity (Coles, Gratton, Bashore, Eriksen, & Donchin, 1985;

Coles, SchefFers & Holroyd, 2001). Alternatively, the CRN may reflect the uncertainty

regarding the appropriateness of the participant's response (Scheffers & Cole, 2000).

1.6.2 Definition of the Pe

The Pe is a slow, late positive wave that is also related to an erroneous response

(Falkenstein, et al., 1991; Leuthold, & Sommer, 1999). The Pe occurs following, but not in

the "wake of" (Kaiser, Barker, Haenschel, Baldeweg, & Gruzelier, 1997; Vidal, Hasbroucq,

Grapperon, & Bonnet, 2000) the ERN on incorrect trials approximately 280 msec after

response onset and is maximal at central-parietal sites. The Pe may reflect post-error activity
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such as conscious recognition of an error or subjective/emotional reactions to an erroneous

response (Falkenstein, et al., 2000; Nieuwenhuis, et al., 2001; Vidal, et al., 2000). For

example, Falkenstein et al. (2000) demonstrated that the Pe was smaller for participants who

erred often compared with participants who made few errors. The authors argued that errors

simply had reduced emotional significance for participants in the former group.

Falkenstein and colleagues (Falkenstein, Hohnsbein & Hoorman, 1995, 1996) have

also demonstrated that the ERN and Pe are differentially affected by experimental

manipulations supporting the idea that two independent error processes may exist.

Furthermore, the Pe (unlike the ERN) may be specific to error responses (Carter, et al., 1998;

Falkenstein, et al., 2000). In a series of experiments conducted by Vidal, Hasbroucq,

Grapperon and Bonnet (2000), both incorrect and correct responses on manual response time

tasks displayed error negativities with a fi-ontal-central distribution as long as there was EMG

activation fi-om the incorrect hand but only the Pe was specific to incorrect responses.

Furthermore, subthreshold muscle activation (EMG) of the incorrect hand followed by a

correct overt response was associated with an ERN but no Pe. The authors argued that the

absence of the Pe on these trials reflected that conscious recognition of the error is associated

with the Pe. Nieuwenhuis et al. (2001) also reported that only the Pe was more pronounced

after conscious error recognition occurred (as indexed by self-correcting responses). More

recently, the Pe was found to be related to post-error slowing, such that a larger Pe was

evident at central-parietal sites when participants engaged in more post-error slowing

(Hajcak, McDonald, & Simons, 2002).
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1.7 The ERN and Pe: Source localization studies

The anterior cingulate (AC) is part of a neural network that integrates input from

areas important for motivation and emotion to guide or constrain decision-making processes,

attention and other executive fiinctions (Bush, Luu, & Posner, 2000; Damasio, 1995;

Mesulam, 1981, 1999). Two subdivisions comprise the AC and serve distinct fiinctions: (1)

the dorsal cognitive division (ACcd) which is involved in the modulation of attention, error

detection, working memory, complex motor control and monitoring competition (Bush, et al.,

2000; Devinsky, Morrell, & Vogt, 1995; Gehring et al., 1993; Posner, Peterson, Fox, &

Raichle, 1988; Vogt, Finch, & Olson, 1992); and (2) the rostral-ventral affective division

(ACad) which is involved in assessing emotional and motivation information and the

regulation of emotion (Bush et al., 2000; Devinsky, et al., 1995; Drevets, Videen, Price,

Preskom, Carmichael, & Raichle, 1992; Meyer, McElhaney, Martin, McGraw, 1973; Vogt,

et al., 1992). Researchers generally agree that the AC (particularly the ACad) may be the

source for the error negativity (Miltner, Braun, & Coles, 1997; van Veen & Carter, 2002).

Human fMRI studies reveal AC activation during error processing (Carter, Braver, Barch,

Botvinick, Noll, & Cohen, 1998) while damage to the AC abolishes the ERN response

(Stemmer, et al., 2001). The Pe, may also rely on the AC, although this component has been

less well studied (Vidal, et al, 2000). Recent data suggest the Pe is actually composed oftwo

components: an early positivity maximal at the central site generated by the dorsal AC and a

late positivity maximal at a more posterior scalp site and generated by the rostral AC (van

Veen & Carter, 2002).
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1.8 The mesencephalic dopamine system: Relation to the ERN

The prefrontal cortex is part of rich cognitive and emotional neural network

influenced by the activity of catecholamine systems, one of which is the mesencephalic

dopamine system (MDS). Although all catecholamine systems are present at birth, the MDS

continues to develop postnatally well into adolescence and is paralleled by improvement on

cognitive tasks (Benes, 1994; Diamond, 1996 for review). For example, depletion of

dopamine in the prefrontal cortex has been linked with cognitive task impairments (Brozoski,

Brown, Rosvold, & Goldman, 1979) while injection of dopamine antagonists into this region

has demonstrated similar cognitive impairments (Sawaguchi & Goldman-Rakic, 1991).

Recently, Holroyd and Coles (2002) presented a theory in which the activity of the

mesencephalic dopamine system (MDS) mediates error processing. In a series of

conditioning studies, Schultz and colleagues (Mirenowicz & Schultz, 1996; Schultz, 1997,

1998; Schultz, et al., 1995) demonstrated that the MDS is activated in anticipation of reward

and activity decreases in anticipation of punishment. These authors suggested that this

anticipatory response pattern to reward and punishment might serve as "error signals"

(Holroyd & Coles, 2002; Schultz, et al., 1995). For example, if a general "response-

checking" mechanism is posited (Falkenstein, et al., 2000), behaviours that do not satisfy the

standard of intended goals (Schefifers & Coles, 2000) or detects the outcomes of action are

"worse than expected" there is a resultant decrease in dopaminergic activity. In turn, the AC

uses the error signals to alter, improve or otherwise compensate for behaviours (Holroyd &

Coles, 2002). One recent study in which the effect of haloperidol (a dopamine antagonist) on

the ERN was examined provides support for the relationship between the generation of the
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ERN and the dopaminergic system (Zimheld, et al., 2002). Results showed that the ERN

was less pronounced at the central site in individuals administered haloperidol.

To date, there has been little scientific investigation directed towards the development

of error processing during childhood. However, given that the dopaminergic system

continues to develop well into adolescence (Diamond, 1996), it is likely that children would

exhibit generally less pronounced ERN deflections. Falkenstein et al. (2000) did recently

examine the ERN and Pe in young and elderly adults. The authors reported that these ERP

components were consistently smaller in elderly participants compared with young adults.

This is also consistent with the findings that dopamine is depleted in the elderly (e.g.,

Nieoullon, 2002 for review).

1.9 The novelty oddball paradigm: Response time and accuracy

The novelty oddball paradigm is fi^equently used to elicit the novelty and target P3.

Several variations of the task exist but, in its most basic form, this paradigm comprises three

auditory stimuli: a fi-equent standard tone, infi-equent but repeating target tone (which

requires an overt response), and infi^equent novel tones. Participants have higher false alarm

rates (i.e., responding when no response is required) to the novel sound compared with

standards (Cycowicz & Friedman, 1997; Kazmerski & Friedman, 1995).

There are no developmental differences reported in accuracy of target stimulus

detection (Fabiani & Friedman, 1995; Kazmerski & Friedman, 1995). However, age does

affect false alarm rates to novel stimuli. Friedman and colleagues (Cycowicz, et al., 1996;

Kazmerski & Friedman, 1995) found that compared with young aduhs, elderly subjects made

more false alarms to the first compared to the second presentation of a novel stimulus and

performed similarly in response to repeated presentations of novel stimuli. As well, young
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adults had faster mean response time (RT) to targets than elderly participants. These results

were not replicated, however, in another study in which elderly subjects displayed faster RT

to target stimuli and there were no differences in accuracy between young and old aduhs

(Fabiani & Friedman, 1995). Friedman et al. (1996) also reported that young children (aged

5-7 and 9-11 years old) had slower RTs to targets than older children and young aduhs.

Furthermore, only children aged 5-7 years performed worse on the novelty oddball task than

older participants. Some researchers argue that faster RTs exhibited by young adults reflect

more efficient cognitive processing and response organization that comes about with cortical

maturity (Stehnack, Houlihan & McGarry-Roberts, 1993).

1.10 The flanker paradigm: Response time and accuracy

In order to elicit the ERN and Pe, researchers often use the classic flanker paradigm

(Eriksen & Eriksen, 1974) in which a central letter is 'flanked' on either side by congruent or

incongruent letters. Faster responses to the central letter are typically recorded when the

letters flanking the centre are congruent than when they are incongruent (Eriksen & Eriksen,

1974; Luu, Flaisch, & Tucker, 2000). Additionally, incongruent trials are more likely to

elicit errors (Dikman & Allen, 2000; Vidal et al, 2000) and error responses are associated

with faster RTs (Failing, Segalowitz, Dywan, & Davies, 2001; Scheflfers, et al., 1996;

Stemmer, et al., 2001). However, this last finding has not always been supported (Luu, et al.,

2000; Vidal, et al., 2000). To date, there appear to be no studies that have investigated

differences between children and young aduhs on measures ofRT and accuracy age using the

flanker task.
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1.11 The role of the frontal cortex in approach/withdrawal: EEG correlates

The frontal cortex has rich functional and anatomical connections to forebrain limbic

areas, and is considered a fundamental component of the limbic system, the primary mood

regulatory system. The frontal cortex is involved in motor facilitation of emotional

expression, the organization and integration of cognitive processes underlying emotion and

the ability to regulate emotion. Both positive and negative emotions are evident early in life.

For example, at birth infants are capable of expressing only a limited number of emotions

related to survival strategies such as distress and disgust (Rothstein & Lamb, 1992).

Throughout their first year, infants' emotional repertoire expands to include anger (Sternberg

& Campos, 1990), sadness (Cohn & Tronick, 1983), fear (Yonas, 1981), joy and surprise

(Malatesta, Culver, Tesman, & Shepard, 1989). The expression of these more complex

emotions is possible by the inhibition of primitive distress reactions and the development of

self-regulation achieved by changes in neurophysiological organization (Thompson, 1990)

and cognition that allow the infants to evaluate context (Thompson & Limber, 1990).

Continuing cognitive growth (e.g., self-awareness, perspective taking) and socialization help

shape the development of secondary emotions such as pride, embarrassment, guilt and

shame, which emerge in early childhood (Rothstein & Lamb, 1992).

Davidson and Fox (Davidson, 1993; Fox, 1991, 1994) hypothesized that both basic

and complex emotions are organized around approach-avoidance tendencies and

differentially lateralized in the frontal region of the brain. Approach and the experience of

positive affect (e.g. joy, interest) are mediated by left-frontal systems, whereas avoidance-

withdrawal tendencies and the experience of negative affect (e.g. fear, disgust) are mediated

by right-frontal systems. As such, positively valenced emotions are associated with greater
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relative left frontal activation whereas negatively valenced emotions are associated with

greater relative right frontal activation.

The approach/avoidance model has been supported by a number of empirical findings

across the lifespan in humans and animals. For example, Davidson and colleagues

(Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Tomarken, Davidson & Henriques,

1990; Wheeler, Davidson & Tomarken, 1993) exposed adult subjects to short film clips

designed to induce approach-related positive emotion (e.g., happiness, amusement) and

withdrawal-related negative emotion (e.g., disgust). Disgust (as indexed by self-report and

facial coding) was associated with more activation in the right frontal lead compared with

happiness. On the other hand, happiness was associated with more activation in the left

frontal lead compared with disgust. These patterns of frontal EEG asymmetry have also been

exhibited in infants. Davidson and colleagues (Davidson & Fox, 1982) demonstrated that

10-month-old infants exhibited greater activity in the right frontal region while viewing a

visual image of an individual in distress (i.e., crying) whereas these infants exhibited greater

activity in the left frontal region while viewing an image of a happy individual (i.e.,

laughing/smiling).

Frontal EEG measures may not only be used to investigate cerebral activation during

emotion provocation but may also index resting cerebral activation. The pattern of resting

frontal EEG may reflect a predisposition (i.e., a trait marker) to experience positive and

negative emotion. For example, Davidson's group (Tomarken, Davidson, Wheeler, Kinney,

1992) demonstrated that resting EEG was predictive of affective responses later in time. The

authors reported that adults whose baseline EEG measures showed extreme stable left frontal

activation reported more dispositional positive affect and less dispositional negative affect
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than those with stable right frontal activation. Conversely, infants selected on behavioral

measures showing stable distress, negative affect and high motor activity in response to novel

auditory and visual stimuli displayed a stable pattern of greater relative right frontal EEG

activation asymmetry across time (Calkins, Fox, & Marshall, 1996).

Studies of asymmetric frontal brain activity in rhesus monkeys have demonstrated

similarities to humans. For example, animals also show individual differences in asymmetric

frontal brain activity which remain a relatively stable characteristic over time (Davidson,

Kalin, & Shelton, 1993; Tomarken, Davidson, Wheeler, & Doss, 1992). For example, rhesus

monkeys characterized with greater right frontal activation at age 1 year displayed more fear-

related behaviors than those characterized with greater left frontal activation and these

patterns remained stable to at least age 3 (Kalin, Larson, Shehon, & Davidson, 1998).

1.12 Temperament and personality in relation to approach/withdrawal

Temperament . As suggested by human and animal research, positive and negative

emotions, approach and withdrawal behaviors represent basic primate motivational

tendencies or "temperament". Temperament may be viewed as a subset of personality and

defined as "constitutionally based individual differences in emotional, motor, and attentional

reactivity and self-regulation" (Rothbart & Bates, 1998). Several theories and instruments

exist that use different temperamental dimensions but it has been suggested that most are

actually measuring similar constructs (Rothbart & Bates, 1998). For the purpose of the

present study, only a few temperament dimensions have been selected (i.e., emotionality,

shyness, extraversion, neuroticism, psychoticism) which may be based upon approach and

avoidance tendencies.
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Buss and Plomin (1984) have theorized that "emotionality" reflects distress in

response to intense arousal and reflects an individual's level of excitability (Buss, 1991; Buss

& Plomin, 1984). This dimension comprises two components: fear and anger. This

dimension only addresses negative emotion and withdrawal tendencies. Buss (1991) argued

that, although intense positive emotions may exist (such as love and elation), these emotions

produce little autonomic arousal and do not appear to be heritable.

The approach/avoidance model may also provide insight into distinguishing shyness

and sociability. As suggested by Asendorpf and others (Asendorpf, 1990; Asendorpf&

Meier, 1993; Cheek & Buss, 1981; Schmidt, 1999; Schmidt & Fox, 1994) shyness and

sociability should be viewed as two temperamental, orthogonal dimensions. Shyness has

been associated with withdrawal tendencies and characterized by a preoccupation with the

self and a tendency to feel tense and worried during real or imagined social situations (Jones,

Cheek, & Briggs, 1986) generalizing to unfamiliar and (in the extreme case) familiar social

contexts (Kagan, 1994). Sociability, on the other hand, has been associated with approach

tendencies and characterized by a desire to affiliate and co-operate with others as well as

active approach of social situations (Cheek & Buss, 1981; Schmidt & Fox, 1999). Schmidt

and Fox (1999) have found evidence to support the hypothesis that shyness and sociability

are distinct dimensions lateralized in the fi"ontal cortex. In a recent study, these authors

reported that low-social subjects displayed greater relative resting right mid-fi-ontal EEG

activation whereas high-social subjects displayed greater relative lefl: mid-fi'ontal activation.

Schmidt (1999) has also found that, in general, shyness was associated with resting right

fi-ontal EEG activity whereas sociability was associated with resting left fi-ontal EEG activity.

Shyness is also associated with high and stable heart rate as well as elevated basal Cortisol
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levels (Kagan, Reznick, & Snidman, 1987) that may reflect the hyperexcitability of forebrain

limbic structures (Kagan, 1994). Few EEG studies have been directed towards examining

patterns of frontal brain activity in shy/sociable children.

Personality . Hans Eysenck's theory of personality rests on the idea that heritable

traits and learned behaviors shape an individual's personality and are distinguishable at a

neurophysiological level. Three personality dimensions comprise this theory: extraversion-

introversion, neuroticism and psychoticism. Extraversion-introversion is related to

temperamental approach/withdrawal. Extraversion is associated with approach, sociability,

assertiveness and sensation seeking (Eysenck, 1990). Introversion is associated with

defensiveness, hesitation, and a tendency withdraw or "shrink away from objects" (Day,

1992). According to Eysenck (Eysenck, 1967, 1990), extraversion and introversion result

from differential arousal levels in the ascending reticular activation system (RAS) ofthe

brain, the region that modulates cortical arousal and inhibition. He hypothesized that

introverts have greater chronic cortical arousal and lower sensory thresholds toward external

stimuli (Ditraglia & Polich, 1991). Extraverts, however, have higher levels of cortical

inhibition, lower levels ofRAS arousal and thus lower levels of sensitivity to stimuli.

Neuroticism parallels temperamental withdrawal and negative emotionality.

Neuroticism is characterized by the presence of negative emotions such as fear, anxiety,

anger, distress (Eysenck, 1967, 1981; Eysenck & Eysenck, 1985; Rusting & Larsen, 1997).

Recent studies have shown that neurotics have a tendency to focus on threatening body

symptoms (e.g., minor aches and pains) (Watson & Pennebaker, 1989) and have negative

cognitive biases that direct attention toward threatening information (Reed & Derryberry,

1995). Neurotics have a tendency to report comorbid depression (Abramson & Alloy, 1981),
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social anxiety (Leary, Kowalski, & Campbell, 1988) and extreme shyness (Schmidt & Fox,

1995). No relationship has been found between neuroticism and positive affect (Costa &

McCrae, 1980: Meyer & Shack, 1989; Rusting & Larsen, 1995). Eysenck hypothesized that

this dimension was based on excitability of the autonomic nervous system (ANS). Neurotic

individuals have a highly reactive ANS in response to stimulation.

Finally, psychoticism was created as a "characteristic" present in varying amounts

rather than a personality dimension per se (Eysenck, 1976; Eysenck, et al., 1985). Eysenck

hypothesized that psychoticism reflected impulsivity, sensation seeking, aggression,

antisocial tendencies (e.g., cold, unemotional, lack of empathy) and may be a marker of later

psychoses (Eysenck & Eysenck, 1985, 1991). Other subcomponents of this characteristic

include low persistence, lack of anxiety and lack of co-operation (Howarth, 1986). Although

this characteristic has received comparatively little attention, high self-reported psychoticism

has been associated with delinquency in youth and antisocial behaviours (Romero, Luengo,

& Sobral, 2001), and the preference for violent and disturbing media (e.g., film)

(Bruggemann & Barry, 2002). In relation to emotional arousal, individuals high on measures

of psychoticism may exhibit low sensitivity to positive and high sensitivity to negative

emotional feeUngs (Costa & McCrae, 1980; De Pascalis & Speranza, 2000; Larsen &

Katelarr, 1989, 1991) and low cortical arousal (Strelau & Eysenck, 1987).

Eysenck' s theory of personality and model of cortical arousal has been supported by

several findings. For example, compared with introverts, extraverts habituate faster to

moderately intense, non-threatening repetitive stimuli (Cahill & Polich, 1992; Ditriglia &

Polich, 1991; O'Gorman, 1977) and show more fi-equent "quitting behavior" on difficult

tasks (Cooper & Taylor, 1999). Introverts have been consistently shown to have better
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vigilance performance on monotonous tasks (Brebner, 1983), have longer "inspection times"

for simple stimuli (Brebner & Cooper, 1978) and greater sensitivity to noise (Domic &

Ekehammar, 1990; Green, 1984) than extraverts.

On a physiological level, introverts have lower pain thresholds (Kohn, 1987;

Stelmack & Campbell, 1974), larger amplitude skin conductance responses (Smith,

Concannon, Campbell, Bozman, & Kline, 1990) and higher heart-rate reactivity to difficult

tasks (Hinton & Craske, 1977; Pearson & Freeman, 1991) than extraverts. Highly neurotic

individuals have also been found to display higher cardiovascular reactivity (Schwebel &

Suls, 1999), skin conductance (Garralda, Connell, & Taylor, 1990) and increased Cortisol

responses to stressful tasks (Miyabo, Hisada, Asato, Mizushima & Ueno, 1976) than low

neurotic individuals. As for psychoticism, this characteristic has been linked small skin-

conductance responses (Barry, 1980), inhibited electrodermal responses (Barry & O'Reilly,

1988) and low cardiac responsivity (Clark, Hemsley, & Nason-Clark, 1987) to emotional

stimuH. Unfortunately, this large corpus of research does not include a systematic

investigation relating Eysenck's personality theory to Davidson's asymmetric frontal EEG

activation model and only recently have researchers attempted to link these dimensions with

ERP measures that index frontal lobe fiinctioning.

1.13 The influence of personality on the P300

Researchers have argued that ifthe P300 varies as a function of the salience and/or

novelty of a stimulus, then this ERP component may be influenced by one's personality

(Duncan-Johnson & Donchin, 1977; Stelmack, Houlihan, & McGarry-Roberts, 1993).

Although this sounds theoretically plausible, results have been inconsistent. Early studies

have found that extraverts displayed smaller ERP amplitudes to moderately intense auditory
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stimuli (Stelmack, Achom, & Michaud, 1977). Using a simple oddball paradigm (i.e., non-

novel stimuli), several laboratories have demonstrated that extraverts exhibited overall

smaller target P3 amplitudes than introverts (Daruna, Karrer, & Rosen, 1985; Polich &

Martin, 1992; Pritchard, 1989; Wilson & Languis, 1990) and displayed a greater decrease in

P300 amplitude to infrequent stimuli across trial blocks (Ditraglia & Polich, 1991). Some

authors suggested this effect might be due to greater amount of attentional resources that

introverts invest in the processing of simple stimuli and/or extraverts habituated to the task

more rapidly (Ditraglia & Polich, 1991; Stelmack, et al., 1993). However, this finding has

not always been consistent. Using an auditory novel oddball paradigm, Gurrera et al.

(Gurrera, O'Donnell, Nestor, Gainski, & McCarley, 2001) recently found that extraversion

was positively correlated with overall target and novelty P3 amplitude across sites.

Furthermore, extraverted individuals did not show a habituation effect across trials. Studies

have also shown that extraversion was positively related to P3 latency (Stelmack, et al.,

1993). Several laboratories have reported there was no significant relationship between RT,

accuracy on task and extraversion (Gurrerra, et al., 2001; Stelmack, et al., 1993).

Researchers have also attempted to relate neuroticism to P3 measures. Using the

simple oddball paradigm, Stelmack et al. (1993) found that high neuroticism was positively

related to response time on a variety of tasks. The authors suggested that the responses of

highly neurotic participants were inhibited by anxiety or threat (Brebner, 1985, Stelmack, et

al., 1993). Consistent with this notion, Gurrera et al. (2001) recently found that target and

novel P3 latency was positively related to neuroticism. In the same study, P3 amplitude was

negatively related to neuroticism suggesting that worry and susceptibility to stress "adversely

influenced cognitive performance" (Eysenck, 1983).
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That idea that negative arousal may have negative consequences on cognitive task

performance is not new. For example, increases in self-reported levels of stress has been

associated with impairment on cognitive tasks such as attention and short-term memory tasks

(Vedhara, Hyde, Gilchrist, Tytherleigh, & Plummer, 2000); anxiety was associated with

increased latencies to colour-name on emotional Stroop tasks (e.g., Matthews & Klug, 1993);

and emotion regulation/suppression was associated with decreased problem-solving skills

(Baumeister, Bratslavsky, Muraven, & Tice, 1998) and memory (Richards & Gross, 1999,

2000). Some authors have argued that emotional regulation and pre-occupation with

thoughts and emotions may deplete attentional resources available for other tasks (Ellis &

Ashbrook, 1989; Richards & Gross, 2000). Despite these findings, other authors argue that

anxious individuals may have an "attentional bias" to threat cues or attend selectively to

stimuli (both positive and negatively valenced) which, in turn, facilitates performance on task

(Matthews & Klug, 1993; Matthews & MacLeod, 1985; 1994). These studies underscore the

complex effect of emotions on cognition; individuals may differ on which stimulus is

deemed "relevant" and stimuli may have a variety of effects depending on context.

Finally, the relationship between psychoticism and P3 latency and amplitude has

been less well studied. To date, individuals scoring high on measures of psychoticism have

been found to exhibit smaller P3 amplitude to target stimuli (Stelmack, et al., 1993), which

may have reflected low attentional effort during the task or less sensitivity to task demands.

Constructs similar to psychoticism such as conscientiousness have been recently studied. For

example, Gurrera et al (2001) reported that low conscientiousness was associated with

reduced P3 amplitude to target and novel stimuli. These findings are consistent with findings

demonstrating that individuals with antisocial personality disorder and conduct disorder
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display small P3 amplitudes (Bauer & Hesslebrock, 1999; Bauer, O'Connor & Hesslebrock,

1994; Hesslebrock, Bauer, O'Connor, & Gillen, 1993; O'Connor, Bauer, Tasman, &

Hesslebrock, 1994). In another study, administration of methylphenidate (a stimulant drug

administered to decrease impulsivity) had the effect of increasing P3 amplitude (Klorman, et

al., 1988). Also worth mentioning, individuals with depression exhibited reduced P3

amplitude relative to controls and varied with the severity of depressive and/or psychotic

symptoms (Bruder, et al., 1995; Gangadhar, Ancy, Janakiramaiah, & Umapathy, 1993;

Santosh, Malhotra, Raghunathan, & Mehra, 1994).

1.14 The influence of personality on the £RN response

Given the AC is involved in emotion and possibly cognitive functions such as error

monitoring, it is not surprising that the ERN is influenced by individual differences in

affective style and/or motivation. Motivation provides a "context" (Dikman & Allen, 2000)

in which to evaluate the error. This implies that subjects who are highly invested in self-

monitoring behaviors (Failing, et al., 2001) may exhibit different ERN responses from those

who are apathetic or those with deficits in response monitoring (Dikman & Allen, 2000).

This hypothesis has been supported by several empirical findings. First, Tucker and

colleagues (Tucker, Hartry-Speiser, McDougal, Lure, & deGrandpre, 1999) demonstrated

that ERN amplitudes were more negative for subjects given negative performance feedback

during task compared with those given positive feedback. Subjects with negative feedback

also reported unpleasant arousal during the task suggesting their motivational level affected

ERN amplitude. This was recently replicated by Ruchshow and colleagues (Ruchshow,

Grothe, Spitzer, & Kiefer, 2002). Second, subjects reporting high negative affect (i.e.,

experiencing high subjective distress) exhibit larger ERN amplitudes on initial task trials than
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those with low negative affect. As the trials progressed, high negative subjects became less

involved and their ERN amplitudes decreased (Bush, Luu, & Posner, 2000). Finally, Luu,

Collins and Tucker (2000) found that the presence of negative affect moderated self-

monitoring, and hence the ERN, whereas the presence of positive affect was unrelated to the

ERN. These authors also reported that there were no differences in RTs for high and low

negative affective groups.

In contrast to the argument that affect moderates the ERN is the idea that action

monitoring triggers affective responses to errors and subsequently alters behavior. Gehring

and colleagues (Gehring, Himle, & Nisenson, 2000) recently investigated the ERN in

individuals with a primary diagnosis of obsessive-compulsive disorder (OCD) and controls.

These and other authors argued that the error signals, which reflected activity of a response-

checking mechanism, were "hyperactive" in OCD patients relative to controls. Resuhs of

this study revealed that OCD patients did in fact have more pronounced and prolonged ERNs

compared with controls (Pitman, 1987; Schwartz, 1997). The authors suggested that the

"error signal alerts cognitive, motoric, and affective systems of the need to correct the

problem" which in turn contribute to anxiety and compulsive behaviors (Gehring, et al,

2000). More recently, Hajcak and Simons (2002) demonstrated that the ERN was larger in

non-clinical young adults with obsessive-compulsive characteristics during both correct and

error trials. That the ERN was evidenced on correct trials was not surprising to the authors

since excessive obsessive-compulsive response monitoring likely occurs after all behaviours.

The presence of psychopathology and impulsivity has also been examined during the

flanker paradigm. For example, Dikman and Allen (2000) compared the ERN of individuals

who scored high and low on measures of socialization. This measure assesses
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"psychopathic-like behaviors and traits" such as stealing, inhibition and responses to reward

and has been found to correlate highly with psychopathology scales (Cooney, Kadden, &

Litt, 1990; Gough, 1994). The authors reported that low-socialized participants had faster

RTs on error trials compared with their high-socialized counterparts. The former group also

displayed smaller ERN anqjlitude during trials on which they were punished as opposed to

rewarded. These authors concluded that low-socialized participants found errors to be less

salient, were less concerned about making an error, and did not monitor their performance as

vigilantly compared with high-socialized participants.

Little attention has been focused toward ERN latencies since the ERP is response-

locked and makes the exact timing ofERN difficult to establish. As well, no studies to date

have examined the Pe in relation to personality.
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Section II: Method

2.1 Participants

Fifty-three children (27 male, 26 female) were recruited from a large database that

contained the birth records of children bom within the McMaster University Medical Centre

and St. Joseph's Hospital (Hamilton, Ontario). The majority of children were seen within

three months oftheir tenth birthday (M=10A, SD=0.3). Children were primarily Caucasian

(92%), right-handed and had no history ofhead injury. Children received a photograph and

small toy for their participation. All participants were tested at the Child Emotion

Laboratory, McMaster University.

Forty-eight young adults (15 male, 33 female) were recruited from an Introductory

Psychology course at McMaster University (Hamilton, Ontario). Participation was limited to

students between 18 to 30 years ofage (M'^23 years, SD=3.6). The adults were primarily

Caucasian (61%), right-handed and had no history of head injury. Students received

experimental course credit for their participation.

2.2 Procedure

Upon arrival at the laboratory, the participant was briefed about the experimental

procedures and consent from the participant/parent of the child was obtained. Adult and

child participants were instructed to complete brief self-report personality questionnaires

while parental reports of personality were also administered. Upon completion of these

questionnaires, the participant was prepared for EEG and ERP testing.

2.2.1 Electroencephalogram (EEG) recording

Participants were seated in a comfortable chair and a lycra EEG stretch cap (Electro-

Cap International, Inc.) was placed on their head. The electrodes are positioned according to
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the International 10/20 Electrode System (Jasper, 1958). The experimenter used the blunt end

ofa Q-tip in combination with abrasive gel (Nu-Prep) to gently abrade the surface ofthe

scalp under selected electrodes. Each electrode site was then filled with a small amount of

electrolyte gel that served as a conduit. Electrode impedances below 10 K ohms at each site

and within 500 ohms between homologous sites were considered acceptable.

Continuous baseline EEG was recorded using information fi-om eight scalp locations:

left and right mid-fi-ontal (F3, F4), central (C3, C4), parietal (P3, P4) and occipital (Ol, 02)

sites. All electrodes were referenced to the central vertex (Cz). Participants were first

instructed to keep their eyes open, relax, and remain still for a period ofone minute and then

instructed to close their eyes for a period ofone minute. During the ERP tasks, EEG was

recorded fi-om four midline scalp locations (Fz, FCz, Cz, Pz). Bipolar electro-ocular

recording monitored eye movements fi"om the supraorbital ridge and the outer canthus on the

right eye. The left ear served as reference for all sites.

All channels were amplified by individual SA Instrumental Bioamplifiers. The filter

settings for these channels were set at 1 Hz (high pass) and 100 Hz (low pass). The data from

all channels were digitized on-line at a sampling rate of 512 Hz.

2.2.2 The flanker paradigm

The ERN was elicited during a visual flanker task (Eriksen & Eriksen, 1974) that

consisted four computer-generated visual images. Each image consisted of a linear array of

five letters. The centre letter (H or S) was designated as the target letter. Participants were

required to press designated computer keys (F or J), whether the target letter was an H or S.

The target letter was flanked on each side by either congruent (e.g., SSSSS or HHHHH) or

incongruent (e.g., HHSHH, SSHSS) letters. Right and left hand key presses for H and S
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targets were counter-balanced across participants. Each congruent array was displayed for

80 trials while each incongruent array was displayed for 160 trials (total of480 trials). Each

array remained on the screen for 250 ms and an SOA of 1250 ms was used. Trials were

randomly presented and a 1 5 second rest break was given after every 160 trials. The same

random ordering of stimuli was used for each subject. Before each task, participants were

allowed to complete practice sessions that consisted of20 trials using all four visual stimuli

presented in random order. All participants completed the flanker task first, followed by the

novelty oddball task.

2.23 The novelty oddbaU paradigm

The P3 was elicited during a novelty oddball paradigm that consisted of auditory

presentations of standard, target, and novel tones. A low tone (800 Hz) was designated the

standard tone while a high tone (1 500 Hz) was designated as the target tone. Participants

were required to press the letter J on a computer keyboard with their right hand every time

the target tone was heard. Participants were informed that they would occasionally hear odd

tones but were instructed to ignore these tones and keep pressing to the target tone. This 'odd

tone' (a sliding tone starting between 800 and 1500 Hz and moving up or down

approximately 300 Hz) comprised the novel tone. A total of20 unique novel tones were

created. Standard tones were presented 80% ofthe time, while both targets and novel tones

were presented 10% ofthe time. Each tone was presented for a duration of 1 50 ms with a

stimulus onset asynchrony (SOA) of 1 100 ms. The task was divided into five blocks of 80

trials each (for a total of400 trials). Therefore, each novel tone was 'unique' (i.e., heard for

the first time) on at least one trial and was repeated at least once in a subsequent block of

trials. Following Fabiani and Friedman (1995), tones were randomly presented with the
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constraint that 1) two of the same novel tones could not be presented within the same block,

2) two novels, two targets, or a target and a novel stimulus could not be presented on

consecutive trials, and 3) neither a target nor a novel tone could not be presented in the first

trial ofeach block. The same random order ofthe stimuli was used for each subject.

Participants were allowed to complete practice sessions that consisted of20 trials (80%

standard, 20% target). The novelty oddball task was completed after the flanker task for all

participants.

23 Temperament and personality inventories: Self- and parent-report

School-Age Temperament Inventory (SATI). The SATI (McClowry, 1995; See

Appendix A) is geared toward children aged 8 to 11 years old and consists of 38 items.

Questions assess four temperamental dimensions: negative reactivity, task persistence,

approach/withdrawal, and energy/activity. Examples from this inventory include "Your child

gets mad when mildly criticized" and "Your child gets frustrated with projects and quits".

Each item is scored on a five-point scale ranging from 1 (never) to 5 (always). McClowry

has reported Cronbach's alpha for these dimensions range from .80 to .92.

The Child Behavior Checklist (CBCL) . The CBCL (Achenbach, 1991; See Appendk

B) is a questionnaire completed by parents of children aged 4-18 years. This questionnaire is

used to derive two broad-band clusters of behaviors: internalizing and externalizing. Within

these broad-band clusters are 8 narrow-band, less general syndromes: task persistence,

withdrawal, anxiety/depression, aggression, somatic complaints, thought problems, social

problems. Items on this scale include "Cries a lot" and "Cruel to animals". Each item is

scored on a three-point scale ranging from (not true) to 2 (very true). Achenbach (1 991)
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reported mean alpha coefficients of .89, .93, and .96 for the internalizing, externalizing, and

total scales, respectively. Alpha coefficients ranged from .70 to .92 for the syndrome scales.

Revised Junior Evsenck Personality Questionnaire (JEPQR-S) . Children completed

the short-form ofthe Revised Junior Eysenck Personality Questionnaire (JEPQR-S; See

Appendix C) (Corulla, 1990). This questionnaire consists of four scales oftwelve items

each: Extraversion, neuroticism, psychoticism and lie scale. Example items include " Do you

always do what you are told at once?" and "Do you enjoy hurting people you like?". Each

item is scored as ("no") or 1 ("yes"). The alpha coefficient reported for this questionnaire

is .61.

Childhood Shyness and Sociability Scale . Children completed a revised version of

the Cheek and Buss Shyness and Sociability scale for adults (1981; See Appendix D). This

scale consists of five items each assessing shyness and sociability. Since no scale ofthis

kind exists for children, a modified version was used for the purpose of this study. Items

were rewritten in a language that children could understand. An example ofan adult item

includes "I find it hard to talk to strangers". The childhood version of this item was "I get

scared when I talk to kids I don't know". Items were scored on a 5-point scale ranging from

1 ("not at all true") to 4 ("very true"). This scale, intended for adults, has a reported alpha

coefficient of .79.

Eysenck Personality Questionnaire-Revised (EPQ-R) The Revised Version ofEPQ

(Eysenck, Eysenck, and Barrett, 1985; See Appendix E) consists of48 questions to examines

three traditional dimensions ofpersonality: extraversion, neuroticism and psychoticism.

Twelve items represent each scale while another 12 items comprise a 'Lie' scale. Items from

this questionnaire include "Are you an irritable person?" and "Do you tend to keep in the
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background on social occasions?". Items on this scale were scored either ("no") or 1

("yes") and then summed to yield an index of a particular dimension. Alpha coefficients for

this questionnaire are .78 for males and .76 for females.

Cheek and Buss Shyness and Sociability Scale (CBSS) . Shyness was assessed using

5 items from the CBSS (Cheek, 1983; Cheek & Buss, 1981; See Appendix F). An example

ofthese items includes "I find it hard to talk to strangers". Sociability was assessed using

the 5-item CBSS (Cheek & Buss, 1981). Items from this scale include "I find people more

stimulating than anything else". Items are scored on a 5-point scale ranging from ("not at

all characteristic") to 4 ("extremely characteristic").

EAS Temperament Survey for adults . The EAS Survey (Buss & Plomin, 1975, 1986;

See Appendix G) consists of20 items examining three temperamental dimensions:

Emotionality (distress, fearfiilness and anger), Activity and Sociability. Items from this scale

include "I get emotionally upset easily" and "I usually seem to be in a hurry". Items are

scored on a 5-point likert scale ranging from 1 ("not at all characteristic") to 5 ("very

characteristic"). Reliability ofthis survey ranges from .75 to .85.

Behavioral Inhibition/Behavioral Activation Scale (BIS/BAS) . The BIS/BAS scale

(Carver & White, 1994; see Appendix H) is a 20-item scale designed to examine two general

motivational systems hypothesized to underlie behaviors: Behavioral Inhibition and

Activation (BAS Drive, Reward Responsiveness, Fun Seeking). An item from this scale

includes "Even if something bad is about to happen to me, I rarely experience fear or

nervousness". Each item is scored on a four-point scale ranging from 1 (strongly agree) to 4

(strongly disagree). Test-retest correlations are .66 for BIS, .66 for Drive, .59 for Reward

Responsiveness and .69 for Fun Seeking.
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2.4 EEG data reduction and analysis

For the purpose of analyzing baseline continuous EEG, data were visually scored for

artL&ct due to eye blinks, eye movements, and other motor movements, using software

developed by James Long Company (EEG Analysis Program, Caroga Lake, NY). This

program removes data jfrom all channels if artifact is present on any one channel.

All artifact-free EEG data were analyzed using a discrete Fourier transform (DFT),

with a Hanning window of 1 s width and 50% overlap. Power (microvolts-squared) was

derived from the DFT output in the 6 to 9 Hz band for children and the 8 to 13 Hz band for

adults. This frequency band was chosen for children because previous work has noted

relations between frontal EEG asymmetry scores in this band and personality in preschool

and early school-age children (Fox, et al, 1995; Schmidt, Fox, Schulkin, & Gold, 1999). A

natural log (In) transformation was performed on the EEG power data to reduce skewness.

2.5 ERP signal averaging

ERP waveforms were examined at frontal (Fz), frontal-central (FCz), central (Cz) and

parietal (Pz) midline sites. All electrodes were re-referenced off-line to an average ofthe two

ears. Each trial was visually inspected for movement artifact and eye-movement artifects

were corrected by regression analysis. The amplitude ofeach ERP was derived from each

individual's average waveform after filtering with a single pass 1 7-point filter. A computer-

assisted hand scoring peak-analysis program (Segalowitz, 1999) was used to quantify peak

amplitude and latency of averaged ERP waveforms.

For each novelty oddball trial, an EEG epoch beginning 200 ms before and ending

1200 ms after stimulus presentation was selected. The EEG epochs were stimulus-locked on
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each trial and averaged separately for target, novel and standard stimuli for each participant.

The novelty P3 and P3b were measured as the most positive peaks in the time window of

250-350 ms and 300-600 ms (respectively) after stimulus presentation.

For each ERN trial, an EEG epoch beginning 600 ms before and ending 600 ms after

a response was selected. The EEG epochs for ERN trials were time-locked to the response on

each trial and averaged separately for correct and incorrect, congruent and incongruent trials.

The ERN was measured as the most negative peak in the time window of20-150 ms after the

incorrect key press. The Pe was measured as the most positive peak in the time window of

100-500 ms after the incorrect key press. The CRN was measured by subtracting the peak

deflection fi'om the peak inflection preceding it during the time window of20-150 ms after

the correct key press.

Response times for both tasks were calculated fi'om stimulus onset to button press,

with averages based on responses greater than 100 ms and less than 1000 ms.

2.6 Missing data

Due to equipment feilure, motor and eye movement artifect, as well as failure of the

individual to participate correctly or vigilantly (e.g., English barrier, failure to follow proper

instructions), ERP data fi-om several participants were lost. Data fi'om approximately 1

1

adults and 18 children were lost for the purposes of analyzing P3 amplitude and latency.

During the flanker task, many participants did not commit enough errors for the averaging

process. All together, data fi-om 22 adults and 14 children were lost in the ERN analyzes.

There were no differences on the personality measures between those eliminated fi'om the

analyses due to missing ERP data and those retained.
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Section III: Detection of novel and discrepant events in children and adults

3.1 Introduction

The development and function of the prefrontal cortex has remained the focus of

scientific inquiry for over a hundred years and with reason. First, the prefrontal cortex has

been implicated in a myriad of cognitive processes including attention, goal formation,

mental flexibility and inhibition, working memory, self-regulation and performance

monitoring (Eslinger, Biddle, & Grattan, 1997; Pennington, 1997). Second, research

suggests that prefrontal fimctions are sensitive to changes with age (Casey, Giedd, Thomas,

Daigneault, & Braun, 1993; Segalowitz, Unsal, & Dywan, 1992). The prefrontal cortex, one

ofthe last cortical regions to mature, develops gradually throughout childhood, reaches

maturity in late adolescence (Chugani, 1994; Huttenlocher, 1979) and declines with age

(Kolb & Wishaw, 1990; Luria, 1973; Moscovitch & Wincour, 1992). With structural

maturity there is contemporaneous fimctional maturity - complex cognitive abilities,

specialized skills, and the ability to regulate social and emotional behaviors emerge

(Huttonlocher & Dabholker, 1979; Welsh, 2001). The timing and nature ofthese events

therefore becomes an important empirical question because of its potential to elucidate

normal and atypical cognitive development. The purpose of the present study was to

determine developmental differences in 10-year-old children and adults by examining two

ERP components usefiil in probing frontal lobe fimctions, namely the P3 and ERN.

3.2 Hypotheses

Using an auditory novelty oddball task and a simple letter discrimination task, the P3

and ERN (as well as Pe) was examined in a group ofhealthy 10-year-old children and adults.

38



/-! " ?'.' :'"

:^A)

» XJ'

v-'^.n

^ a



Several hypotheses were made. First, regardless of stimulus category, P3 amplitude was

expected to be greatest at the parietal site for both age groups but children would exhibit

lower overall P3 amplitude compared with young adults. Second, to the extent that the

frontal cortex is relatively immature in children, it was expected that developmental

differences in the scalp distribution and amplitude of the P3 would emerge between 10-year-

olds and young adults. In particular, it was predicted that adults would exhibit greater

novelty P3 amplitude at the frontal site compared with children. However, the target P3 was

predicted to be maximal at the parietal site for both children and adults. Third, children were

expected to show longer P3 latencies to novel and target stimuli and display higher RTs to

the target stimulus but no age differences in accuracy (as indexed by lack ofresponses to the

target and false alarm to the novel stimulus) were predicted. Fourth, with repetition ofthe

novel stimulus, it was predicted that the novelty P3 would decrease at the frontal site for

adults only.

With respect to the ERN and Pe, it was predicted that ERN and Pe responses would

differ between age groups such that adults would display greater ERN deflections and greater

Pe amplitude compared with children. Both groups were expected to commit more errors on

incongruent trials and display faster response times to errors than correct trials. However,

children were also expected to generally commit more errors than adults. Arguably, children

commit more errors than adults in day-to-day life as they are still acquiring large amounts of

knowledge and therefore may not be as sensitive or "aware" of these errors or perhaps not as

quick to recognize the mistake.
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3.3 Results

3.3.1 The novelty oddbaU task

Behavioral data . Mean RT and accuracy on the novelty oddball task are presented in

Table 1 for children and young adults. Independent t-tests revealed that children made

significantly more response errors to target tones [t(73)=3.1, p<.01] and more false alarms

(i.e., responding when no response was required) to novel tones [t(73)=4.8, p<.01] than

adults. The analyses also revealed that mean RT to target tones did not differ significantly

between children and adults. However, the standard deviation ofresponse times to targets

did dififer between groups in that children's responses were more variable than adults'

responses [t(73)=5.4, p<.01]. On a behavioral level, it appears that children are not as

competent at this task as adults.

P3 amplitude . The data were analyzed in a repeated-measures ANOVA with Site (Fz,

FCz, Cz, Pz) and Category (target, novel) as within-subject factors and Group (child, adult)

as a between-subjects factor. The means and standard deviations ofP3 amplitude and

latency for each site and category are presented in Table 2. Analyses revealed a significant

main effect for Site [F(3, 210)=71.4, p<.01]. Figures la and lb display averaged P3

waveforms in response to target and novel tones for children and adults, respectively. Figure

2 displays mean P3 amplitude to target and novel stimuli for children and adults. As can be

seen, both children and adults had higher mean P3 amplitude at more posterior sites

regardless ofthe stimulus category. That is, there was higher mean P3 amplitude at FCz than

Fz [t(71)=7.4, p<.01]; at Cz than FCz [t(71) =6.1
, p<.01]; and at Pz than Cz [t(71)=6.4 ,

p<.01] for novel and target stimuli. There was a significant Site X Group interaction [F(3,

210)=8.9, p<.01] such that children had higher P3 amplitude at Pz than adults regardless of
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stimulus category. A Site X Category interaction [F(3, 210)=8.2, p<.01] revealed that, for

both children and adults, mean P3 amplitude to novels was significantly higher than P3

amplitude to target tones at Fz [t(71)= 3.1, p<.01) and FCz [t(71)=2.3, p=.03], whereas no

difference in amplitude between categories was found at Cz and Pz. Finally, there was a

significant Site X Category X Group interaction [F(6, 396)=3.9, p<.01]. Further analyses

revealed that children had higher P3 amplitude to novels than targets at Fz [t(36)=2.4, p=.02]

and had higher P3 amplitude to targets than novels at Pz [t(36)=2.3, p=.03]. Adults,

however, had higher P3 amplitude to novel tones at Pz [t(34)=2.1, p=.04] compared with

target tones. Independent t-tests also revealed that children had significantly higher mean P3

amplitude in response to target tones compared with adults only at Pz [t(70)=3.7, p<.01].

This last finding was contrary to prediction and to previous studies in that children

had higher parietal P3 amplitude than adults. It was speculated that adults experienced

greater fatigue or boredom than children thus diminishing their P3 amplitude. For example,

the novelty oddball task was performed after the flanker task (during the second halfofthe

experimental procedure) and was simple, requiring less attentional effort than the flanker

task. In order to determine whether fatigue could account for this effect, P3 amplitudes at

each site during the flanker task (EEG epochs were time-locked to stimulus presentation)

were analyzed. Figure 3 displays averaged P3 waveforms in response to the presentation of

visual letter array for adults and children. The data were analyzed in a repeated-measures

ANOVA with Site (Fz, FCz, Cz, Pz) as the within-subjects factor and Group (child, adult) as

the between-subjects factor. There was a significant main effect for Site [F(3, 1 17)= 60.7,

p<.01] such that both children and adults had higher mean P3 amplitude at more posterior

sites. There was also a significant Site X Group interaction [F(3, 1 17)=12.4, p<.01].
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Compared with adults, children had higher P3 amplitude at FCz [t (39)=2.2, p=.03], Cz

[t(39)=3.9, p<.01] and Pz [t(39)=6.0, p<.01]. Therefore, fatiguing over the test session by

adults could not account for their lower amplitude during the novelty oddball task.

Similarly, P3 amplitude at Pz during the novelty oddball task and the flanker task

were analyzed in a repeated-measures ANOVA with Task (flanker, oddball) as the within-

subjects factor and Group as the between-subjects factor. Results revealed a significant main

effect for Task [F(l, 39)=4.8, p=.03] such that both children and adults had higher mean P3

amplitude during the flanker task than the novelty oddball task. There was also a significant

Task X Group interaction [F(l, 39)=6.4, p=.02]. Paired t-tests indicated that P3 amplitude

remained relatively stable for adults across tasks, whereas P3 amplitude diminished

significantly for children fi-om the flanker to the oddball task [t(17)=2.7, p=.02].

The first versus second presentation ofthe noveltv P3 . In order to examine the effect

of repetition ofthe novel tone (i.e., the first versus the second presentation of the novel tones)

on frontal P3 amplitude, trials were re-averaged to include ERPs evoked by the first and

second presentations ofnovel stimuli in a subset of child (n=l 1) and adult (n=l 7)

participants. The first presentation of the novel stimulus also corresponded to the first halfof

the task whereas the second presentation ofthe novel stimulus corresponded to the second

halfofthe task. Identical re-averaging procedures were performed for the first and second

presentation oftarget stimuli. A repeated-measures ANOVA was performed for the Fz site

with Category (novel, target) and Presentation (first, second) as within-subjects factors and

Group as a between-subjects factor. Analyses revealed no significant main effects or

interactions at Fz. That is, repetition ofthe novel or target tone did not result in a decrease in

P3 amplitude at the frontal site. An identical analysis was then performed for the Pz site.
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There was a significant main effect for Category [F(l,26)= 4.5, p=.04] such that P3

amplitude was greatest at Pz for target stimuli. There was also a main effect for Presentation

[F(l,26)=7.8, p=.01] such that there was a decrease in amplitude at Pz regardless of stimulus

category fi"om the first to second halfofthe task.

P3 latency . A repeated-measures ANOVA was performed to examine differences

between groups on P3 latency during the novelty oddball and flanker task. Results for the

oddball task revealed a significant main effect for Category [F( 1,68)=10.1, p<.01]. Both

children and adults had faster P3 latency in response to target stimuli compared with novel

stimuli across sites. No other significant main effects or interactions were foimd for this task.

There were also no differences between groups on P3 latency during the flanker task.

3.3.2 The flanker task

Behavioral data. Mean RT and accuracy on the flanker task is presented in Table 3

for children and young adults. In order to analyze age differences with regard to accuracy, a

repeated measures ANOVA was performed with Category (congruent, incongruent) as a

within-subjects factor and Group (child, adult) as a between-subjects factor. Analyses

revealed a significant main effect for Category [F(l, 90)=273.4, p<.01] indicating that all

participants made more errors on incongruent compared with congruent trials. There was

also a significant Category X Group interaction which indicated that, not only did children

make significantly more errors on both the congruent [t(90)=9.2, p<.01] and incongruent

(t(90)=9.6, p<.01) trials compared with adults, but children showed a greater increase in

errors from congruent to incongruent trials.

The mean RT for each category (congruent versus incongruent) and type (correct

versus error) of response also differed between groups. A repeated measures ANOVA was
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performed with Category (congruent, incongruent) and Type of Response (correct, error) as

within-subjects factors and Group (child, aduh) as a between-subjects factor. Analyses

revealed a significant main effect for Category [F(l, 91)=23.4, p<.01] and Type [F(l,

91)=5.3, p=.02]. For all subjects, response times were faster for congruent than incongruent

trials and fester for error trials compared with correct trials. There was also a significant

Category X Type ofResponse interaction [F(l, 91)=5.3, p=.02] which indicated that there

was a larger difiference between correct and error responses for congruent trials as opposed to

incongruent trials. Finally, there was a significant Category X Type ofResponse X Group

interaction in which children were significantly slower on congruent correct trials compared

with congruent error trials whereas adults showed similar RTs during the two types of

congruent trials. Not surprisingly, children's responses were also more variable than adult's

responses on both correct [t(62)=6.8, p=.02] and incorrect trials [t(62)=7.5, p=.02] as

indicated the coefficient of variation ofresponse times (standard deviation RT/mean RT).

Again it appears that children were not as skilled at this task as adults as indexed by slower

response times and did not utilize controlled response strategies as indexed by more variable

responses.

ERN and Pe amplitude . Since adults (and most children) did not commit enough

errors to form an average during the congruent condition ofthe flanker task, only data fi"om

the incongruent conditions have been presented. The means and standard deviations for the

ERN at each site for incongruent error trials are presented in Table 4. In order to determine

whether children and adults processed errors differently (as indexed by the ERN and Pe),

data were analyzed in a repeated-measures ANOVA with Site (Fz, FCz, Cz, Pz) as the
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within-subjects factor and Group (children, adults) as the between-subjects factor. Results

for the ERN component will be discussed first followed by results for the Pe.

Figure 4 displays ERN amplitude at each site for adults and children. To examine

group differences in ERN amplitude at Cz, an ANOVA with Group as the between-subjects

factor was performed. As can be seen in Figure 4 and as revealed by the ANOVA, adults

exhibited a significantly more negative ERN at Cz for than children [F(l,64)=5.3, p=.02].

This effect was not found at any other site.

The means and standard deviations for the Pe at each site are presented in Table 5 and

displayed in Figure 4. As can be seen in Figure 4 the Pe was maximal at FCz and Cz for all

participants. A repeated measures ANOVA revealed a significant Site X Group interaction

[F(3, 186)= 1.9, p<.01]. Further analyses showed that adults displayed significantly higher Pe

amplitude at Fz than children [t(62)=2.8, p<.01] whereas children displayed higher Pe

amplitude at Pz than adults [t(62)=2.3, p<.01] which is contrary to prediction.

Congruent versus incongruent errors in children

A subset of children (n=16) committed a sufficient number of errors during congruent

trials to create and score ERP waveform averages. The means and standard deviations of the

ERN during congruent error trials are presented in Table 4. Averaged ERN waveforms for

children during congruent and incongruent error trials are presented in Figure 5. An

ANOVA was performed with Site (Fz, FCz, Cz, Pz) as the within-subjects factor. Similar to

analyses performed for incongruent trials, the ERN was maximal at FCz [F(3, 45)=14.6,

p<.01] during congruent error trials. In order to compare ERN amplitude during congruent

and incongruent trials for children, a paired sample t-test was performed with ERN amplitude
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at FCz for each condition. Results of this analysis did not reveal any significant differences

in ERN amplitude during each condition.

The correct-related negativity (CRN)

The present data allowed for the examination ofa correct-related negativity (CRN).

The CRN is a negative deflection in the ERP waveform on correct trials peaking at roughly

the same time as the ERN on error trials. Interesting, approximately 54% of the children

exhibited a discemable CRN at fi-ontal-central electrode sites compared with only 1% of

adults. The means and standard deviations for the CRN at each site are presented in Table 6.

The averaged ERP waveforms for incongruent correct and incorrect trials during the flanker

task are displayed in Figure 6. As can be seen in Figure 6, after correct responses, there is a

slight reduction in ERP amplitude occurring during the same time window (i.e., 20-150

msec) as the ERN. Data were then analyzed in an ANOVA with Site as the within-subjects

factor. Results revealed a significant main effect for Site [F(3, 45)=13.9, p<.01] in which the

CRN was maximal at Fz and became less pronounced at more posterior sites. Additionally, a

series of Pearson correlations were performed to examine the relationship between ERN and

the CRN amplitude. Not surprisingly, the CRN was negatively related to the CRN at each

scalp location such that more pronounced CRN deflections at Fz were associated with less

pronounced ERNs at Fz (r .52, p=.02), FCz (r =-59, p<.01) and Cz (r = -.71, P<.01); and

more pronounced CRN deflections at FCz were associated with less pronounced ERNs at Cz

(r =-.47, p=.03). Furthermore, children who had a distinguishable CRN made more errors

than children without a distinguishable CRN, although this result failed to reach significance

at the .05 level [t(40)=l .85, p=.07].
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3.4 Discussion

The present study investigated P3 amplitude and latency in response to novel and

non-novel auditory stimuli in 10-year-old children and adults. It was predicted that adults

would exhibit greater overall P3 amplitude regardless of stimulus category, greater novelty

P3 amplitude at the frontal site, and greater target P3 amplitude at the parietal site compared

with children. It was found that both children and adults displayed higher P3 amplitude at

the parietal site regardless of category, which is consistent with Cycowicz and colleagues

(1996). Children had higher P3 amplitude to novel tones at the frontal sites and higher P3

amplitude to target tones at parietal sites. This is consistent with the literature suggesting the

frontal cortex is primarily involved in the processing of novel stimuli whereas the temporal-

parietal cortex is involved in stimulus evaluation processes, detecting stimuli regardless of its

degree of novelty. In contrast, adults had higher P3 amplitude to novel tones than target

tones at each site with maximal P3 amplitude for novels at the parietal site. This suggests

that adults might have been more aroused by the novel tones that resulted in enhanced

novelty P3 amplitude and diminished target P3 amplitude at each site. Interestingly, children

also had significantly higher P3 amplitude to target tones at parietal sites than adults. This

finding is inconsistent with two sets of findings: (1) P3 amplitude increases during childhood

until it reaches adult levels (Friedman, et al., 1989; Shibasaki & Miyazaki, 1992; Smith, et

al, 1980); (2) P3 amplitude is similar in young children and adults (Johnstone, et al., 1996;

Ladish & Polich, 1989). This effect was found in both the flanker and novelty oddball task.

Because each participant performed the flanker task first this effect cannot be due to fatigue

experienced by adults. It may be that children were engaging in greater stimulus evaluation

processes (i.e., had to work harder) compared with adults throughout the tasks because of
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poorer resources, which is consistent with the finding that children made more errors, had

slower response times than adults and generally found the tasks more difficult.

Despite reduced basis on which the averaged ERP were formed, repetition of novel

and target events were also analyzed. It was expected that a decrease in P3 amplitude at the

fi*ontal site would occur with repetition ofthe novel stimuli and not the target stimuli.

Analyses failed to reveal a reduction in novelty P3 amplitude with repeated presentations of

the tone at the fi-ontal site for both children and aduks. This failure to find a repetition effect

may be due to the number of trials used in each block and the uniqueness ofthe novel tones.

For example, in the present study, novel stimuli comprised sliding tones between 800 and

1500 Hz and therefore only a small sample ofnovel stimuli could be created. This not only

dramatically reduced the sample size in these analyses, but it may also be argued that the

stimuli sounded alike. The repetition effect was examined using two blocks comprising 20

sliding tones (i.e., first and second presentation of the tones). In another study, Segalowitz,

Wintick, and Cudmore (2001) included 5 trials oftarget tones in each block and found that

P3 amplitude decreased dramatically at the fi-ontal site after the first block and this decrease

reached an asymptote by the third block. The authors suggested that this habituation effect

reflected a rapid decrease of fi"ontal involvement during simple, repetitive tasks. Therefore, it

may be argued that smaller blocks of sliding tones should have been used or more

distinguishable (e.g., environmental sounds such as a dog bark, telephone ring) should be

used in large blocks of trials (Cycowicz, et al., 1996).

With regards to P3 latency, this study showed that 10-year-old children and adults are

similar. Contrary to prediction, children did not show longer P3 latencies to target and novel

tones relative to adults. This finding is inconsistent with Cycowicz and colleagues (1996)
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who found that P3 peak latencies ofthe novelty and target P3 decreased with increasing age.

However, both age groups had significantly longer P3 latencies to novel tones compared with

target tones suggesting that longer processing time was required for novel stimuli. Taken

together, these findings suggest that during this simple auditory discrimination task, the

speed ofprocessing novel and non-novel stimuli is similar in 10-year-old children and adults.

The only significant difference between groups was found with regard to accuracy.

Children made significantly more errors in response to targets (i.e., non-responses) and made

more false alarms to novel tones. Perhaps when children do respond correctly (error trials

are not added to the averaged ERP in this paradigm), they detect and evaluate the stimulus as

well as adults, but are less co-ordinated in executing the response or less able to inhibit

inappropriate responses. Taken together, the results fi-om the novelty oddball task suggest

that children engage in similar detection and evaluation processes (and with the same speed)

as adults.

This study was also one ofthe first to examine age differences in the ERN and Pe

during an error-inducing task. It was predicted that, although children would generally

commit more errors, both age groups would commit more errors on incongruent trials

compared with congruent trials and exhibit faster response times to errors compared with

correct trials. It was also predicted that the ERN and Pe components would differ between

groups such that adults would display greater ERN deflections and greater Pe amplitude

compared with children. As predicted children committed more errors and consistent with

previous findings, all participants committed more errors on incongruent trials compared

with congruent trials (Dikman & Allen, 2000; Vidal et al., 2000). With regards to response

time, children had slower RTs for all trial types compared with adults during the flanker task
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indicating that children were less skilled on this rapid letter discrimination task. All

participants also showed faster RTs for error trials compared with correct trials across

conditions which is consistent with prediction and previous findings that RTs for errors are

faster than RTs for correct responses (Failing, et al, 2001; Schefifers, et al., 1996; Stemmer,

etal.,2001).

Children not only performed less well on this task but differences also emerged with

regards to ERN amplitude. Consistent with previous reports, young adults and children

exhibited a pronounced ERN maximal at fi-onto-central sites, the adults at Cz and children at

FCz. Young adults also displayed significantly larger ERN deflections conq)ared v^th

children. Since adults made relatively few errors and were responding in a controlled fashion

(as indexed by small variability in response times), this suggests that adults were better able

to monitor their own performance during the task. Children may have exerted so much of

their resources in executing a good strategy to 'respond as quickly and as accurately as

possible' that little resources were left to monitor their performance or vice versa. This is not

surprising since children spend more time offtask and have difficulty creating and

implementing effective strategies (Bjorklund, 1995) compared with adults.

Results also revealed that Pe amplitude was maximal at Cz for children and maximal

at FCz for adults. This finding was contrary to prediction and to Van Veen and Carter (2002)

who found that the Pe was maximal at parietal sites for adults. It is also inconsistent with

Falkenstein et al. (2000) who demonstrated that the Pe was smaller for participants who erred

often (in this study children erred often) and argued that errors simply had reduced emotional

significance when they are more common. The present findings imply that, although

children made many errors, children recognized and had a fiill subjective reaction to the
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mistakes. Perhaps adults were better able to overcome their disappointment at having erred

in a laboratory setting. As suggested the adult findings by Nieuwenhuis and colleagues

(2000), it may also mean that children engaged in more self-correcting behaviors than adults

which is in line with findings that children had more variable response times. Unfortunately,

the present study did not tease apart the processes associated with the ERN and the Pe. To

do so, one may want to have participants rate their confidence level as well as their emotional

responses to having erred to determine if these measures are more closely related to the ERN

or the Pe. It may also be usefiil to analyze self-correcting behaviors (i.e., pressing the correct

key immediately following an error) or examining the RTs following the error trials to

determine if adjustments in the participants' responses (which also indicates conscious

recognition of an error) relates differentially to the ERN and Pe.

Several children committed sufficient errors during both the congruent and

incongruent conditions to allow comparisons to be made. Similar to results for the ERN

during the incongruent condition, the ERN was maximal at the fi^ontal-central site on

congruent error trials. It has been suggested that the congruent condition is easier to perform

than the incongruent condition as indexed by faster response times and lower error rate

(Eriksen & Eriksen, 1974; Luu, Flaisch, & Tucker, 2000; Vidal et al., 2000). It may even be

argued that errors committed during the congruent condition are easier to detect than those

committed during the incongruent condition (Holroyd & Coles, 2002). As such, it was

expected that the ERN would be more pronounced during the congruent condition.

However, this was not found: the ERN was the same for the two conditions. Although

children made errors during the incongruent condition, response times were not faster overall

(i.e., correct and error trials) for the congruent condition. This latter finding is inconsistent
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with the literature but may indicate that, in general, children require longer processing time

on this task than adults, regardless of condition. As well, there was no way to determine the

certainty of the children's responses. It may therefore be argued that children were just as

uncertain ofthe appropriateness of their response for during congruent as for incongruent

conditions and this may be a crucial factor in determining ERN amplitude.

A negative dip on correct trials (i.e., a CRN) was discemable in more than half ofthe

children compared with only a couple of adult participants. This may reflect the immaturity

ofthe performance monitoring system in children. For example, adults may have been better

able to recognize when in fact they did err whereas children, who err often, may have been

unsure of their performance on all trials and less able to confirm the appropriateness (or

correctness) of their responses. In line with this argument, larger ERNs (which may reflect

the certainty of errors) were also associated with smaller CRNs. Furthermore, the presence

of a CRN was also associated with more errors. With age, individuals may become better

able monitor their performance and be relatively certain of their success or failure at task.

That is, although children were in fact correct, they may have been uncertain about the

appropriateness of their response. Two ways in which to clarify this are to determine

whether a CRN is present in children even after feedback regarding the appropriateness of a

response and to instruct children to rate how certain they were at having erred. Alternatively,

the ERN may reflect a general response checking mechanism as proposed by Coles and

colleagues (Bernstein, et al., 1995) in which both correct and incorrect responses are checked

against a standard of intended goals. In this case, correct and incorrect trials would be

accompanied by similar cortical activity (Coles, Gratton, Bashore, Eriksen, & Donchin,

1985; Coles, SchefiFers & Holroyd, 2001).
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Section IV: Personality in relation to ERP and ££G measures in children and adults

4.1 Introduction

The frontal cortex is not only part of a distributed network underiying complex

cognitive processes but is also considered fundamental to the motor facilitation of emotional

expression, the organization and integration of cognitive processes underlying emotion and

the ability to regulate emotion. As such, there has been a recent push towards integrating

cognition and emotion and mounting research suggests that cognitive and emotional

processes are indeed intertwined. Emotions "colour" the way individuals encode, interpret,

recall, and act upon the external world (McNally, 1998) and at the same time form the basis

for personality development. The purpose of this aspect of the study was to examine the

effect of personality on resting electroencephalogram (EEG) asymmetry and

electrophysiological measures that tap frontal lobe functions, orienting to novel events and

error detection. Five personality traits were examined; extraversion, neuroticism,

psychoticism, shyness and emotionality. It may be argued that each of these is based upon

basic reactivity -namely approach and withdrawal - to external objects and people and the

experience of positive and negative emotion.

4.2 Hypotheses

The present study used a novelty oddball task and visual flanker task to examine the

relationship between personality, the P3 and the ERN/Pe (respectively) in 10-year-old

children and adults. To the extent that neuroticism, shyness and emotionality share similar

neurophysiological underpinnings, it was predicted that these personality measures would

behave similarly. That is, traits based on withdrawal tendencies and negative emotions

would be negatively related to P3 amplitude and positively related to P3 latency and response
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time. The argument here is that cognitive and behavioral performance would be adversely

influenced by withdrawal/negative emotionality. It was predicted that psychoticism would

be negatively related to P3 amplitude and response time, which would reflect impulsivity and

less attention directed toward the task. Finally, extraversion was predicted to behave

opposite to shyness and emotionality such that extraversion would be positively related to P3

amplitude and negatively related to latency. With regards to the flanker task, similar

predictions were made. On the one hand, shyness, neuroticism, and emotionality may

prompt individuals to engage in excessive response monitoring and regard errors as salient

augmenting the ERN. On the other hand, higher impulsivity and positive affect (e.g.,

psychoticism, extraversion) was predicted to relate positively to an attenuated ERN. Finally,

higher Pe amplitude was expected to be positively related to neuroticism and emotionality -

traits that are characterized by anxiety and negative reactivity.

Based on the frontal activation approach/avoidance model put forth by Davidson and

colleagues (Tomarken, et al, 1990; Wheeler, et al., 1993), a number of significant

relationships between baseline EEG and personality were expected to emerge. Negatively

valenced traits (i.e., neuroticism, shyness, emotionality) were expected to be associated with

greater relative right frontal EEG activity. Conversely, positively valenced traits (i.e.,

sociability, extraversion, activity) were expected to be associated with greater relative left

frontal EEG activity. Given that individual differences in temperament/personality have

been established in infants, children and adults, it was predicted that both children and adults

in the present sample would show these effects.
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4.3 Results

4.3.1 Personality in children and adults

Several adult participants were immigrants to Canada, and English was their second

language. Given that this study was largely based on the correlations between ERP

components and self-report adult personality questionnaires independent t-tests were

performed to ensure differences found on ERP measures or personality measures could not

be attributed to ethnicity and/or a failure to understand the questionnaire items. Analyses did

not reveal any significant differences between Canadian versus Immigrant participants (with

English as a second language) on any of the personality or ERP variables.

Numerous temperament and personality scales exist but seem to measure similar

constructs (Rothbart & Bates, 1998). For the purpose of this study and to avoid redundancy,

only a subset of personality measures was chosen which were common to the two age

groups. The personality measures included were extraversion, neuroticism, psychoticism,

shyness and emotionality. In order to determine the relationship among the personality

measures and to ensure that these results were consistent with the extant literature, a series of

Pearson Product Moment correlations were performed. The intercorrelations between the

personality variables measured in this study are presented in Table 7. Children and adults

seem to noticeably differ in the strength and direction of relationships between personality

variables. It appears that these relationships do not hold across groups. Consistent with the

personality hterature, however, the adult data showed a significant negative relationship

between extraversion and shyness (r =-.66, p<.01), and positive relationships between

neuroticism and emotionality (r = .65, p<.01) as well as shyness and emotionality (r =.43,

p<.01). There was also a negative relationship between adult neuroticism and psychoticism
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(r =-.35, p=.02). Since there may be reason to believe that the personality measures may

reflect slightly different dimensions (or with slightly different strengths) across groups, the

correlations between personality variables and all other measures will be presented separately

for children and aduhs.

4.3.2 Personality in relation to the P3

In order to determine the relationship between the behavioral measures and

personality during the novelty oddball task, a series ofPearson Product Moment correlations

were performed. Table 8 presents the correlations between mean RT to targets, the number

of errors to target and novel tones and personality variables for children and adults. As can

be seen in Table 8, there were no significant correlations between these measures and

personality.

Pearson correlations were also performed to examine the relationship between the

personality variables and P3 amplitude across electrode sites and type of stimulus during the

novelty oddball task. Table 9 presents the correlations between the P3 in response to targets

and personality. For children only, shyness was positively related to mean P3 amplitude at

FCz (r = 33, p=.05), Cz (r = 37, p=.03) and Pz (r = 36, p=.03). This means that children who

scored high on measures of shyness had higher P3 amplitude in response to target stimuli

than those low on this measure. This finding is inconsistent with the prediction that

negatively valenced emotions were negatively related to P3 amplitude. In adults these

relationships were not found. With respect to P3 latency, correlations with the personality

variables revealed that high childhood shyness was associated with reduced P3 latency to

target tones at Pz (r =-.38, p=.03) which is also inconsistent with predictions. Taken

together, results suggest that highly shy children are more reactive to target stimuli.
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Identical analyses were performed for novel P3 amplitude and latency in relation to

personality. These results are presented in Table 10. For children, high psychoticism was

associated with lower P3 amplitude in response to novel stimuli at Cz (r =-.35, p=.04) and Pz

(r =-.41, p=.01). This is consistent with the predictions and may reflect lower attentional

resources directed toward the task for these individuals or simply withdrawal from the

external environment. For adults, high extraversion was associated with high P3 amplitude

at Fz (r =.43, p=.01), FCz (r =.44, p=.01) and Cz (r =.46, p<.01). In contrast, shyness was

negatively related to amplitude at Fz (r =-.37, p=.04) and FCz (r =-.37, p=.04).

Analyses revealed some significant correlations between P3 latency to novel tones.

For children, positive relationships were found between latency and neuroticism at Fz (r

=.41, p=.02) and at FCz (r =.44, p=.010 as well as shyness at Fz (r = .50, p<.01). For adults,

neuroticism was also positively correlated with novel P3 latency at Cz (r =.39, p=.02)

Higher scores on these measures were associated with longer P3 latency in response to novel

tones. These findings are consistent with Gurrera et al (2001) and may suggest that

individuals experiencing negative affect take longer to process novel stimuli perhaps due to a

pre-occupation with worry or fear.

4.3.3 Personality in relation to the ERN and Pe

Response time and accuracy during incongruent error trials for the flanker task was

analyzed using a Pearson Product Moment correlation and are presented in Table 11 . As can

be seen, a significant negative relationship was found between psychoticism and RT to errors

for children and adults which may reflect the participants' impulsivity. There was also a

significant positive relationship between adult neuroticism and RT to errors.
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The correlations between ERN amplitude and personality are presented in Table 12.

High childhood psychoticism was associated with a less pronounced (i.e., more positive)

ERN deflections at Fz (r =.32, p=.05), FCz (r = .42, p<.01) and at Cz (r = .39, p=.02). These

findings are partially consistent those ofDikman and Allen (2000) in which low-socialized

participants displayed smaller ERN amplitudes on trials for which they were punished as

opposed to rewarded compared with their high-socialized counterparts. Interesting, for

adults, an opposite pattern emerged. That is, high adult psychoticism was associated with a

more pronounced ERN deflection (i.e., more negative) at Fz (r =-.44, p=.03), FCz (r =-.48,

p=.02) and Cz (r =.46, p=.02). This finding is contrary to prediction and not easily

reconciled.

In order to determine the factors contributing to these contradictory findings other

Pearson correlations including only those participants with an ERN score were performed on

behavioral measures collected during the experiment for both adults and adults including the

Child Behavior Checklist (CBCL) (Achenbach, 1991) and the Behavioral Inhibition and

Behavioral Activation Scale (Carver & White, 1994). Resuhs revealed that childhood

psychoticism was positively related to low task persistence and adult psychoticism was

positively related to shyness and behavioral inhibition. Given these relationships,

hierarchical regression analyses were performed to determine the unique contribution of

psychoticism to ERN amplitude. Even after controlling for the effects of low task

persistence in children and behavioral inhibition in adults, psychoticism accounted for a large

amount ofvariance in predicting ERN amplitude over and above these other measures, again

in opposite directions for children versus adults.
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Using an alternative scoring system of the CBCL devised by Lengua and colleagues

(Lengua, Sadowski, Friedrich, & Fisher, 2001), the relationship between obsessive

compulsive (OC) behaviors and the ERN was examined. It was found that high OC

behaviors were significantly associated with large deflections in the ERN at FCz (r =-.34,

p=.04) and decreased error rate (r = -36, p=.01) but was unrelated to response time for error

trials.

Analyses were also performed to examine the Pe in relation to personality. Table 13

displays the Pearson correlations for Pe amplitude with personality. As can be seen,

childhood extraversion (r =-.34, p=.04) and psychoticism (r =-.45, p<.01) were negatively

related to Pe amplitude at Cz and Pz respectively. High emotionality was positively

associated with high Pe amplitude at Pz (r = 41, p=.02).

4.3.4 Personality in relation to resting ££G

In order to examine frontal EEG asymmetry in relation to personality, a laterality

score (In power right frontal hemisphere - In power left frontal hemisphere) was computed

during the eyes-open condition of baseline EEG recording. Since EEG power is inversely

related to activation, positive scores reflect greater relative left activity and negative scores

reflect greater relative right frontal EEG activity (Davidson & Tomarken, 1989). Pearson

correlations were performed separately for adults and children with frontal laterality and

individual electrode sites F3, F4. The results are presented in Table 14.

As can be seen in Table 14, high childhood neuroticism was associated with low EEG

power (i.e., high EEG activity) in the left (r =-.37, p=.01) and right (r =-.37, p=.01) frontal

leads. This finding is contrary to predictions but may reflect greater general arousal of the
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individual and is consistent with previous findings by Dawson (1994). In adults, no

associations between fi-ontal EEG activity and personality were found.

4.4 Discussion

The present study examined the influence of personality on neurophysiological

responses to discrete events in children and adults. It was predicted that traits based on

withdrawal tendencies and associated with negative affect (i.e., neuroticism, shyness,

emotionality) would be negatively related to P3 amplitude and positively related to P3

latency during the novelty oddball task. Positive affect and approach (i.e., extraversion)

would be positively related to P3 amplitude and negatively related to P3 latency. These

predictions were generally supported by results. In 10-year-old children, shyness was

positively related to target P3 amplitude, psychoticism was negatively related to novel P3

amplitude and neuroticism was positively related to novel P3 latency. Aduh extraversion

was positively related to novel P3 amplitude whereas shyness was negatively related to novel

P3 amplitude. As well, adult neuroticism was positively related to novel P3 latency. These

results suggest that traits based upon distinct motivational tendencies, namely approach and

avoidance, are uniquely reflected in a simple auditory discrimination task. That is, approach

was generally associated with higher P3 amplitude whereas avoidance was associated with

lower P3 amplitude and higher latency to novel and non-novel tones.

These findings may be due to the adverse effects of negative affect on attention and,

conversely, the favourable effects of positive affect on attention rather than reflecting

differences in the neurological organization related to novelty detection. For example,

anxious or withdrawn individuals may direct their attention inwardly thus resulting in

reduced attention to external events. This was found for sh3mess and emotionality in aduhs
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in response to novel and target stimuli and for shyness and emotionality in children in

response to novel stimuli only. This is similarly the case with individuals high on measures

of psychoticism who may exert less attentional effort to the task demands than others

(Stelmack, et al., 1993). Similar to Gurerra and colleagues (2001), extraversion was

positively related to P3 amplitude. It seems unlikely that extraverts invest less attentional

resources toward processing simple auditory stimuli or habituate faster than others as once

thought. Interestingly, and contrary to prediction, childhood shyness was positively related

to target P3 amplitude and unrelated to novelty P3 amplitude. According Kagan and others

(Kagan, 1994; Schmidt, et al., 1999), shy individuals may exhibit hyperactivity in forebrain

limbic areas important for emotion regulation and behavioural and physiological responses to

external events. It is possible that shy children were hypersensitive to target auditory

stimulation that required an overt response.

One hypothesis put forth by Gurerra and colleagues (2001) implicated monoamine

neurotransmitters (i.e., serotonin, dopamine, epinephrine, norepinephrine) as possible

"mediators of the link between personality and P3 amplitude". For example, over-activity of

5-HT 1A receptor may be involved in anxiety disorders (Naughton, Mulrooney, Leonard,

2000). In one study, Hansenne et al. (1998), found a negative association between

serotonergic activity (specifically 5-HT lA function) and P3 amplitude in healthy humans.

Dopaminergic over-activity has also been associated with anxiety and schizophrenia - both

of which have also linked to a reduction in P3 amplitude (Pitchot, Hansenne, Moreno, von

Frenckell & Ansseau, 1990). Finally, P3 amplitude at parietal sites was significantly reduced

after administration of a norepinephrine antagonist to monkeys (Pineda & Westerfield,

1993). Taken together, these results suggest that individual differences in personality and
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psychopathology may be influenced by monoamine activity and manifested in unique

electrophysiological correlates. Although this line of research is relatively naifve and the

nature of neurochemicals still obscure, it has potential to make significant contributions to

future studies.

This study also examined the influence of personality on electrophysiological

responses to errors. It was predicted that traits associated with negative affect and

withdrawal would be negatively related to the ERN and positively related to the Pe whereas

extraversion would be positively related to the ERN and negatively related to the Pe.

Results of the flanker task were not so straightforward. A negative relationship was

found between childhood psychoticism and response time. If psychoticism does in fact tap

aspects of impulsivity, it suggests these children were less able to inhibit inappropriate

responses and therefore made more errors than others. There was also a significant

relationship between childhood psychoticism and ERN amplitude such that children who

scored high on measures of psychoticism exhibited less pronounced ERNs. This finding is

consistent with predictions and with Dikman and Allen (2000) who found that low-socialized

individuals displayed less pronounced ERNs during error trials compared with high-

socialized individuals. The authors suggested that individuals found errors less salient and

disengaged from the task (Dikman & Allen, 2000; Stelmack, et al., 1993). It therefore

reasonable to assume that psychoticism as measured by Eysenck's junior personality

questionnaire may parallel low-socialization and manifest itself similarly in the ERN. In

contrast to these findings, adults high on measures of psychoticism exhibited significantly

larger ERNs than those low on this measure.
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upon further inspection of the participants used in the analyses, it was found that high

childhood psychoticism was significantly related to low task persistence and/or high ADHD

behaviours as measured by the CBCL. This relationship is not surprising given that

psychoticism may reflect impulsivity and low attentional effort. However, after controlling

for the effects of low task persistence and high ADHD on ERN amplitude, psychoticism

remained a strong predictor ofERN amplitude. High adult psychoticism was associated with

high behavioural inhibition and high shyness but this relationship also persisted even after

controlling for their contribution to the prediction ofERN amplitude. Furthermore,

differences in adult ERN amplitude were not accounted for by native language, ethnicity or

any other measure collected in the present study. These results suggest that either

"psychoticism" taps different aspects (or degrees) of behaviours and emotions in children and

adults or the ERN indexes different processes in children and aduhs. Alternatively, this

group of adult participants had to engage in more performance monitoring to overcome a

tendency to respond quickly (as indexed by the trend for faster RTs) in order to do just as

well on this task as other participants (as indexed by similar error rates). Methodological

differences may also explain these findings. For example, Dikman and Allen (2000) found a

negative relationship between low-socialization and ERN amplitude only for conditions

during which the participant was punished (as opposed to rewarded) for having erred. The

present study did not include this manipulation and therefore cannot give any insight into the

relative hedonic or aversive value of the response.

Finally, post-hoc analyses revealed that childhood obsessive-compulsive behaviors

were negatively associated with the ERN. That is, children who scored high on the OC

measure of the CBCL had significantly larger ERN deflections and committed less errors
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than those scoring low on this measure. This resuh lends support to previous research

demonstrating that the ERN component is influenced by OC behaviour in aduhs (e.g.,

Gehring, et al., 2000) and extends these findings to children. Results are also in agreement

with the hypothesis that the ERN may not only be responsible for error detection, but may

reflect general performance monitoring which may be hyperactive in individuals with OC

tendencies. .; -v-

The results fi"om the analyses for the Pe were consistent with predictions for children.

High childhood extraversion and psychoticism were associated with low Pe amplitude. If the

Pe is a measure of an emotional response to the error or conscious recognition ofthe error,

this means that these children were emotionally unaffected by the error or paid little attention

to the error. In contrast, children high on measures of emotionality exhibited high Pe

amplitude which may reflect their negative reaction (e.g., disappointment, fiaistration) to

having erred. These relationships were not found in the adult data which suggests that,

although children may commit more errors (day-to-day and during this task), children

recognize and are emotionally responsive to errors. Perhaps adults were better able regulate

emotional reactions to errors and put these errors in perspective (i.e., "It's just a game.")

hence accounting for the absence of significant findings in the adult data.

Finally, this study did not lend support to the hypothesis that personality and

approach/avoidance tendencies were differentially lateralized in the frontal cortex. No

significant results were found between resting frontal EEG asymmetry and personality.

Although neuroticism is associated with negative affect and unrelated to positive affect

(Costa & McCrae, 1980: Meyer & Shack, 1989; Rusting & Larsen, 1995), this personality

dimension may include the experience of very intense emotions in general. Dawson (1994)
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has argued that the intensity (as opposed to valence) of emotion was associated with

generalized activation ofboth the right and left frontal regions reflecting a diffuse influence

of subcortical structures on the cortex. Therefore, whereas the type of emotion expressed

may be associated with frontal EEG asymmetries, greater overall frontal EEG activation may

prepare the individual for action in response to potentially significant environmental stimuli.

In the present study, high childhood neuroticism was associated with greater left and right

frontal EEG activation, which is in agreement with the alternative hypothesis put forth by

Dawson. Unfortunately, the data do not permit investigation of emotional intensity.
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Section V: General Discussion

The present study has added to the growing literature by demonstrating that novelty

and target detection during a simple auditory discrimination task is a relatively mature

process by 10 years of age. Children and young adults responded behaviorally similarly to

each type of stimulus and as indexed by P3 amplitude and latency. This seems logical given

that detection of and orientation to external events is fundamental to survival and adaptation

to constantly changing environments. Strength has also been given to the hypothesis that the

frontal cortex is primarily involved in novelty detection whereas the parietal region is

involved in target detection and evaluation processes. In this study, P3 amplitudes were

greater at the frontal site for novel stimuli than for target stimuli in children. Non-novel

stimuli, which required an overt response, generated higher P3 amplitude responses at the

parietal site for both children and adults indicating the temporal-parietal cortex is involved in

stimulus evaluation processes, regardless of the degree of stimulus novelty. Although no age

differences were found with regards to the novelty P3, children had higher target P3

amplitude at the parietal site than adults on both the novelty oddball and flanker task. These

results are inconsistent with previous findings suggesting P3 amplitude increases during

childhood or has reached adult levels by middle childhood and suggests that other factors

(such as motivational level) may influence P3 amplitude.

This study clearly demonstrated that performance monitoring, a more sophisticated

cognitive function, is still immature in 10-year-old children. Based on the amount of errors

made, the variability in response times, and amplitude ofthe ERN, it is concluded that

children may not be able to execute effective response strategies, sustained attention, and

monitor performance on task simultaneously. As well, since the ERN did not differ during
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the easy congruent condition compared with the more difficult incongruent conditions, and a

CRN was present, it may be that the degree of certainty regarding the appropriateness of

one's response may be an important factor in determining the amplitude of the ERN.

Children can, however, recognize errors and are emotionally responsive to errors as indexed

by a robust Pe. Future studies may want to index children's confidence level in executing an

appropriate response for both congruent and incongruent conditions to examine how this

factor influences ERN amplitude.

With regards to the theory put forth by Holroyd and Coles (2002) in which fluctuating

levels of dopamine serve as error signals to outcomes that are worse than expected, the

present study neither disconfirms or confirms this theory. Although not measured, dopamine

systems that are relatively immature in children may (or may not) have contributed to a weak

ERN.

This study also explored the relationship among personality, the P3, ERN and Pe.

Individual differences in affective style appeared to influence both the amplitude and latency

of the P3, ERN and Pe components during the novelty oddball and flanker task. Generally

consistent with predictions, negatively valenced/avoidance-related variables (with the

exception of shyness) were negatively related to P3 and Pe amplitude whereas positively

valenced/approach-related variables were positively related to these components.

Interestingly, childhood personality was more strongly related to the P3 and Pe components

compared with adults. This may be due, in part, to the children's inability to regulate

emotion during the task, an inability to set aside passion for reason or simply immaturity of

the anterior cingulate cortex.
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Unfortunately, the present study did not include any manipulation to investigate the

specific nature and function of the ERN versus the Pe. Future studies investigating

personality in relationship to the ERN and Pe may benefit fi^om adding such a component.

For example, in order to determine which component reflects subjective reactions to errors,

one could instruct participants to rate their confidence level as well as their emotional

responses to having erred and correlate this with the ERN and Pe. It may also be usefial to

manipulate the participants' motivational level by offering a reward or punishment for

correct and incorrect responses. Finally, examining self-correcting behaviors (i.e., pressing

the correct key immediately following an error) and the RTs following the error trials may

help determine if adjustments in the participants' responses (which also indicates conscious

recognition of an error) relates differentially to the ERN and Pe.

The present study was not without limitations. One limitation ofthe novelty oddball

task was the choice of stimuli. The auditory stimuli used in this study were sliding tones

which made it difficult to produce enough truly unique sounds to investigate the effect of

repetition on the P3. Other studies have used a variety of environmental sounds (e.g.,

Cycowicz & Friedman, 1997) or stimuli that are emotionally provocative or particularly

threatening to one group of individuals versus the next (e.g., Mathews & MacLeod, 1985).

Using these types of stimuli may have proved usefijl in disentangling the influence of

personality on the P3

.

A large amount of data was lost due to equipment failure, to muscle movement and a

failure for some participants to follow instructions. This may have decreased the power of

the statistical tests on the repetition effect on the novelty P3, congruent versus incongruent

errors, the CRN. Because trials containing muscle artifact had to be removed, this may have
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placed a participant bias on the study. For example, those who were highly active, fidgety

and uncooperative were excluded from the study. The inclusion of such individuals (mostly

children) may have been particularly important to shed light on the relationship between

personality and performance and ERPs by increasing the variance in personality.

This study did not examine the possibility that adults may have been uninterested

and/or fatigued during the novehy oddball task. It was found that children had higher P3

amplitude at parietal sites than adults during the flanker and novelty oddball task which is

inconsistent with the developmental literature which states children have generally lower P3

amplitude across sites. This finding was not accounted for by boredom but perhaps adults

were generally less and did not pay as much attention during the tasks as children simply

because participation was "assigned" (Anastasi & Urbina, 1997).

Another factor that may have contributed to null results was the small variability in

personality scores. The samples used in this study were non-clinical, healthy individuals

whereas many studies have relied on extreme scores. It may also have been useful to include

a scale to assess positive and negative affect directly at the moment of testing such as the

Positive and Negative Affect Scale (PANAS; Watson, Clark & Tellegen, 1988). This would

have tested the effects of affect on ERP measures more directly and minimized ambiguity in

the underlying neurophysiological bases of personality. It has also been criticized that the

laboratory setting may alter mood and therefore performance on task and resting EEG

activity (Blackhart, Kline, Donohue, LaRowe, & Joiner, 2002).

In summary, the present study demonstrated that the frontal cortex plays an important

role in executing both basic and complex cognitive processes such as novelty detection and

performance monitoring. The scalp distribution of the novelty P3 and the ERN demonstrated
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that the frontal cortex is responsible for detecting novel stimuli as well generating responses

to errors, respectively. Consistent with findings that complex processes develop with

increasing age, performance monitoring was relatively immature in school-aged children

compared with auditory stimulus detection. It is clear that these processes do not function in

isolation. Instead, these processes are part of a distributed neural network that integrates

emotions and past experiences in order to detect, evaluate and respond appropriately to the

external environment.
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Table 1

Means and standard deviations for reaction time (in ms) to target stimuli, the number of

incorrect responses to target and novel tones during the novelty oddball task for children and

adults

Group

Response Measure Children Adults

Reaction time

M 461.5 432.8

SD 95.2 84.5

Target errors

M 2.9 1.2

SD 3.4 1.5

Novel errors

M 7.4 2.4

SD 5.9 2.3
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Table 2

Means and standard deviations ofP3 amplitude (^V) at midline sites for children and adults





Table 3

Means and standard deviations for response time (in ms) and percentage of response errors

for congruent and incongruent trials and during the flanker task for children and adults





Table 4

Means and standard deviations ofERN amplitude (^V) at midline sites for children

during incongruent and congruent error trials and for adults during incongruent error trials

Response

Site

Fz Fez Cz Pz

Incongruent Error

M

SD

Congruent Error

M

SD





Table 5

Means and standard deviations of Pe amplitude (^V) at midline sites for children and

adults during incongruent error trials

Response Type

Site

Fz Fez Cz Pz

Error

M

SD

3.26

1.58

Children (N=36)

4.98

2.07

5.44

2.10

4.94

2.45

Error

M

SD

4.79

1.87

Adults (N=28)

5.55

1.99

4.99

1.99

3.69

1.85
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Table 6

Means and standard deviations ofERN amplitude at each site during incongruent correct

trials for children

Site

Fz FCz Cz Pz

Correct

M 2.68 3.29 3.77 4.70

SD 1.4 1.3 1.4 .87

Note. N =16.
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Table 7

Inter-correlations among personality variables for children and adults

Personality Variable 1 2 3 4 5





Table 8

Correlations between response time (RT) to target, the number of response errors made to

target and novel tones and personality variables for children and adults

Response Measure

Personality Variable RT target No. target errors No. novel errors

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

.22

-.04

.12

-.19

.22

Children (N=34)

.09

.27

.22

.11

-.05

.15

.03

.11

.03

.20

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

-.03

.24

.05

.05

.16

Aduhs (N=40)

.14

-.10

.08

-.24

-.19

.06

.30

.02

.05

.09

Note. * p<.01; **p<.05. Two-tailed.
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Table 9

Correlations between target P3 amplitude and latency at each site and personality variables

for children and adults
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Table 10

Correlations between novel P3 amplitude and latency at each site and personality variables

for children and adults





Table 11

Correlations between response time (RT in ms) for error trials during the incongruent

condition, number of errors and personality variables for children and adults





Table 12

Correlations between ERN amplitude and latency at each site and personality variables for

children and aduhs

ERN Amplitude Site

Personality variable Fz Fez Cz

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

.04

.32^

.03

.07

.06 .21

42** 39*

-.04 -.02

-.23 -.16

Pz

Children (N=37)

.09 -.04 -.07 .04

03

.07

-.05

.06





Table 13

Correlations between Pe amplitude and latency at each site and personality variables for

children and adults





Table 14

Correlations between left and right mid-frontal EEG sites, frontal asymmetry scores and

personality variables for children and adults

Personality variable F3 F4 Frontal laterality

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

Children (N=44)

10 -.02 -.21

-.37^

-.14

-.04

19

-.37*

-.03

12

.27

-.04

.21

17

-.18

Extraversion

Neuroticism

Psychoticism

Shyness

Emotionality

-.16

.02

-.21

19

.07

Adults (N=33)

-.13 .12

.09

-.22

14

-.02

.24

-.02

-.16

19

Note. Child EEG is ln(6-9 Hz) power; Aduh EEG is hi(8- 1 3 Hz).

*p<.05; **p<01. Two-tailed.
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Figure la

Averaged stimulus-locked ERP waveforms of P3 amplitude in response to novel

stimuli in children and adults during the novelty oddball task
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Figure lb

Averaged stimulus-locked ERP waveforms ofP3 amplitude in response to target

stimuli in children and adults during the noveltv oddball task
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Figure 2

Mean P3 amplitude in response to novel and target stimuli for children and adults

during the novelty oddball task

Fz

B child target

-•— diild novd

-fr - adult taigst

-^ • aduh novd

Fez Cz Pz

Site

117





Figure 3

Averaged stimulus-locked ERP waveforms ofP3 amplitude for children and adults

during the flanker task
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Figure 4

Averaged response-locked ERP waveforms of the ERN and Pe for children and

adults during the flanker task

+10|jV

FCz

Child

Adult

-500 -400 -300 -200 -100 100 200 300 400 500

119





Figure 5

Averaged response-locked ERP waveforms for ERN amplitude during the congruent

and incongruent conditions for children during the flanker task
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Figure 6

Averaged response-locked ERP waveforms for ERN amplitude during correct and

incorrect incongruent trials in children during the flanker task
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APPENDIX A

School-Age Temperament Inventory

Please answer the following questions by circling the number that best describes the

frequency of your child's behaviour.

Never

Always

Very rarely Sometimes Almost always

1

.

Your child gets mad when mildly criticized.

2. Child has difiSculty completing assignments.

3. Child is shy with aduhs he/she doesn't know.

4. Child runs to where he/she wants to go.

5. When angry, your child yells or snaps at others.

6. Child does not complete homework.

7. Your child is bashful when meeting new children.

8. Child walks quietly in the house.

9. Your child is moody when corrected for

misbehavior.

10. Child approaches children his/her age.

1 1

.

Child gets frustrated with projects and quits.

12. Your child responds intensely to disapproval.

13. Child stays with homework until finished.

14. Your child seems to be in a hurry.

15. Your child gets very frustrated.

16. Child smiles and laughs with new adults.

17. Child gets upset when there is a change

in plans.

18. Your child quits routine household chores.

19. Your child seems uncomfortable at

someone's house.

20. When an activity is difficult, your child

gives up.

21. Your child gets angry when teased.

22. Your child remembers to do homework.

23. When your child disagrees, he/she speaks

quietly.

24. Child avoids new guests at your home.

25. Child reacts strongly to disappointment.

26. Your child bursts loudly into the room.

27. Your child gets upset when he/she can't

find something.
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28. Child switches from one activity to another.

29. Your child leaves his/her own projects

unfinished.

30. Child prefers to play with someone he/she

knows.

3 1

.

Your child has off days when he/she is moody.

32. Your child returns to his/her responsibilities.

33. Your child moves right into a new place.

34. Child runs or jumps when going down the stairs.

35. Your child goes back to the task at hand.

36. Your child makes loud noises when angry.

37. Your child seems nervous and uncomfortable

in a new situation.

38. Child runs when entering or leaving a room.
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CHILD BEHAVIOR CHECKLIST - - For ages 4 -16

VIII. Below is a list of items that describe children. For each item that describes your child now or within the past 12 T~
please circle the 2 if the Item is very true or often true of your child. Circle the / if the item is somewhat or som^r"
true of your child. If the item is not true of your child, circle the 0.

etimes

2

2

2

2

2

2
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57.

58.

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

1 2

Physically attacks people

Picks nose, skin, or other parts of body

(describe)

:

:

59. Plays with own sex parts in public

60. Plays with own sex parts too much

61

.

Poor school work

62. Poorly coordinated or clumsy

63. Prefers playing with older children

64. Prefers playing with younger children

65. Refuses to talk

66. Repeats certain acts over and over;

compulsions (describe):

67. Runs away from home
68. Screams a lot

69. Secretive, keeps things to self

70. Sees things that aren't there (describe)

;

7 1

.

Self-conscious or easily embarrassed

72. Sets fires

73. Sexual problems (describe):

74.) Showing off or clowning

75. Shy or timid

76. Sleeps less than most children

77. Sleeps more than most children during day

and/or night (describe)
:

78. Smears or plays with bowel movements

79. Speech problem (describe):

84. Strange behavior (describe)

:

80. Stares blankly

81. Steals at home
82. Steals outside the home

83. Stores up things he/she doesn't need (describe):

1 2





APPENDIX C

EPQ-Junior

1

.

Do you always do what you are told at once?

2. Is it important to have good manners?

3

.

Would you rather sit and watch than take part in parties?

4. Do you have a lot of friends?

5. Would you enjoy practical jokes that could sometimes

really hurt people?

6. Do your feelings get hurt easily?

7. Would you rather be alone than being with other kids?

8. Do you worry for a long time ifyou think you did

something embarrassing?

9. Do you always say you are sorry when you have said

something bad?

10. Do you often feel fed-up and frustrated?

1 1

.

Do you enjoy hurting people you like?

12. Do your feelings get easily hurt when people find things

wrong with what your schoolwork or what you have done?

13. Do you seem to get into more fights than other kids?

14. Do you always wash your hands before eating?

15. Do you worry about things that might happen?

16. Do you like to talk a lot?

17. Is it hard for you to have fun at a party?

18. Do you sometimes feel especially happy and sometimes

really sad for no reason?

19. Should people always try not to be rude?

20. Do you sometimes bully and tease other kids?

21. Do you like group activities and being with other kids?

22. Do you like going out a lot with your fiiends and/or family?

23. Do you get picked on by your teacher more than other kids?

24. Does it seem you are always getting into fights?

25. Have you ever said something mean about someone?

26. Do you often feel tired for no reason?

27. Do other people think you are very lively (energetic/happy)?

28. Do you think you are very lively (energetic/happy)?

29. Do you think life is pretty boring?

30. Do you have trouble falling asleep at night because you are

worrying about things?

3 1

.

Have you ever cheated at a game?

32. Do you like playing tricks on other people?

33. Do you always do your homework before you play?

34. At assembly or at prayers, do you always sing when others are

singing?
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35. Do you throw waste paper on the floor when there is no waste

paper basket handy?

36. Do you sometimes like teasing animals?

37. Are you touchy about some things?

38. Were you ever greedy by helping yourselfto more than your share

of anything?

39. Do you often need kind friends to cheer you up?

40. Would it upset you to see a dog or cat that has just been run over?

41. Do you generally pick up papers and rubbish others throw on the

classroom floor?

42. Did you ever pretend you did not hear when someone was calling you?

43. Do you sometimes feel life is just not worth living?

44. Did you ever take anything(even a candy) that belonged to someone else? Yes

45. Would you call yourself happy-go-lucky?

46. Do you get into more trouble at school than most other kids?

47. Do you always say you are sorry when you have been rude?

48. Do you find it hard to really enjoy yourself at a party?

Yes





APPENDIX D

CBSS Child Self-Report

1 2

Not at all true A little bit true

3

True

4

Very true

1.
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APPENDIX E

EPQ-R

Directions: Please answer each question by putting a circle around the 'Yes' or the 'No'

following the question. There are no right or wrong answers, and no trick questions. Work

quickly and do not think too long about the exact meaning of the questions.

PLEASE REMEMBER TO ANSWER EACH QUESTION

1

.

Does your mood often go up and down? Yes No
2. Do you take much notice ofwhat people think? Yes No
3. Are you a talkative person? Yes No
4. Ifyou say you will do something, do you always keep your promise no

matter how inconvenient it might be? Yes No
5. Do you ever feel 'just miserable' for no reason? Yes No
6. Would being in debt worry you? Yes No
7. Are you rather lively? Yes No
8. Were you ever greedy by helping yourself to more than you share of anything? Yes No
9. Are you an irritable person? Yes No
10. Would you take drugs which may have strange or dangerous effects? Yes No
1 1

.

Do you enjoy meeting new people? Yes No
12. Have you ever blamed someone for doing something you know really was

your fauh? Yes No
13. Are your feelings easily hurt? Yes No
14. Do you prefer to go on your own way rather than act by the rules? Yes No
1 5

.

Can you usually let yourselfgo and enjoy yourself at a lively party? Yes No
16. Are ALL you habits good and desirable ones? Yes No
17. Do you often feel'fed up'? Yes No
18. Do good manners and cleanliness matter much to you? Yes No
19. Do you usually take the initiative in making new fiiends? Yes No
20. Have you ever taken anything (even a pin or button) that belonged to

someone else? Yes No
21

.

Would you call yourself a nervous person? Yes No
22. Do you think marriage is old-fashioned and should be done away with? Yes No
23

.

Can you easily get some life into a rather dull party? Yes No
24. Have you ever broken or lost something belonging to someone else? Yes No
25. Are you a worrier? Yes No
26. Do you enjoy co-operating with others? Yes No
27. Do you tend to keep in the background on social occasions? Yes No
28. Does it worry you ifyou know there are mistakes in your work? Yes No
29. Have you ever said anything bad or nasty about anyone? Yes No
30. Would you call yourself tense or 'highly-strung'? Yes No
3 1

.

Do you think people spend much time safeguarding their fijture with

savings and insurance? Yes No
32. Do you like mixing with people? Yes No
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33. As a child were you ever cheeky to your parents? Yes No
34. Do you worry too long after an embarrassing experience? Yes No
35. Do you try not to be rude to people? Yes No
36. Do you like plenty of bustle and excitement around you? Yes No
37. Have you ever cheated at a game? Yes No
38. Do you sufiFer from 'nerves'? Yes No
39. Would you like other people to be afraid ofyou? Yes No
40. Have you ever taken advantage of someone? Yes No
41. Are you mostly quiet when you are with other people? Yes No
42. Do you often feel lonely? Yes No
43. Is it better to follow society's rules than go your own way? Yes No
44. Do other people think ofyou as being very lively? Yes No
45. Do you always practice what you preach? Yes

46. Are you often troubled about feelings of guilt? Yes No
47. Do you sometimes put off until tomorrow what you ought to do today? Yes No
48. Can you get a party going? Yes No
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APPENDIX F

CBSS

Directions: For each of the items below, please circle how characteristic or atypical the

statement is ofyou using the following scale: 0=Not at all characteristic,

l=Slightly characteristic, 2=Moderately characteristic, 3= Very characteristic, 4=Extremely

characteristic.

1

.

I find it hard to talk to strangers.

2. When I'm in a group of people, I have trouble

thinking of the right things to talk about.

3. I feel nervous when speaking to someone of authority.

4. I feel inhibited in social situations.

5. It takes me long to overcome my shyness in

new situations.

6. I like to be with people.

7. I welcome the opportunity to mix with people.

8. I prefer working with others rather than alone.

9. I find people more stimulating than anything else.

10. I'd be unhappy if I were prevented fi-om making

many social contacts.

1

]
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APPENDIX G

The EAS Temperament Survey for Adults

Rate each of the following items on a scale of 1 (not characteristic of me) to 5 (very

characteristic of me).

Not characteristic

ofme
Very characteristic

ofme

1

.

I like to be with people.

2. I usually seem to be in a hurry.

3. I am easily frightened.

4. I frequently get distressed.

5. When displeased, I let people know right away.

6. I am something of a loner.

7. I like to keep busy all the time.

8. I am known as hot-blooded and quick-tempered.

9. I often feel frustrated.

10. My life is fast paced.

1 1

.

Everyday events make me troubled and fretful.

12. 1 often feel insecure.

13. There are many things that annoy me.

14. When I get scared, I panic.

15.1 prefer working with others rather than alone.

16. 1 get emotionally upset easily.

17. 1 often feel as if I'm bursting with energy.

18. It takes a lot to make me mad.

19. 1 have fewer fears than most people my age.

20. 1 find people more stimulating than anything else.

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5

5
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APPENDIX H

BIS/BAS Scale

Directions: Please indicate how much you agree or disagree with the following statement by

circling one number for each.

Strongly

Agree

Strongly

Disagree

1

.

When I get something I want, I feel excited and energized.

2. When I want something, I usually go all-out to get it.

3. If I think something unpleasant is going to happen I

usually get pretty 'worked up'.

4. Even if something bad is about to happen to me, I

rarely experience fear or nervousness.

5. I often act on the spur of the moment.

6. I would excite me to win a contest.

7. I worry about my mistakes.

8. When I see an opportunity for something I like, I get

excited right away.

9. I feel pretty worried or upset when I think or know
somebody is angry at me.

10. I'm always willing to try something new if I think

it will be flin.

1 1

.

Criticism or scolding hurts me.

12. When I go after something I use a 'no holds

barred' approach.

13. When good things happen to me, it affects me strongly.

14. I have few fears compared to my fiiends.

15. I crave excitement and new sensations.

16. I feel worried when I think I have done poorly at something.

17. I will often do things for no other reason than

they might be fiin.

18. I go out ofmy way to get things I want.

19. When I'm doing well at something, I love to keep at it.

20. If I see a chance to get something I want, I move on

it right away.
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