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Abstract

Multiple measures have been devised by clinicians and theorists from many different

backgrounds for the purpose of assessing the influence of the frontal lobes on behaviour.

Some utilize self-report measures to investigate behavioural characteristics such as risk-

taking, sensation seeking, impulsivity, and sensitivity to reward and punishment in an attempt

to understand complex human decision making. Others rely more on neuroimaging and

electrophysiological investigation involving experimental tasks thought to demonstrate

executive functions in action, while other researchers prefer to study clinical populations with

selective damage.

Neuropsychological models of frontal lobe functioning have led to a greater

appreciation of the dissociations among various aspects of prefrontal cortex function. This

thesis involves (1) an examination of various psychometric and experimental indices of

executive functions for coherence as one would predict on the basis of highly developed

neurophysiological models of prefrontal function, particularly those aspects of executive

function that involve predominantly cognitive abilities versus processes characterized by

affect regulation; and (2) investigation of the relations between risk-taking, attentional

abihties and their associated characteristics using a neurophysiological model of prefrontal

functions addressed in (1).

Late adolescence is a stage in which the prefrontal cortices undergo intensive

structural and functional maturational changes; this period also involves increases in levels of

risky and sensation driven behaviours, as well as a hypersensitivity to reward and a reduction

in inhibition. Consequently, late adolescence spears to represent an ideal developmental

period in which to examine these decision-making behaviours due to the maximum
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variability ofbehavioural characteristics of interest. Participants were 45 male undergraduate

18- to 19-year olds, who completed a battery of measures that included self-report,

experimental and behavioural measures designed to assess particular aspects of prefrontal

and executive fiinctioning.

As predicted, factor analysis supported the grouping of executive process by type

(either primarily cognitive or affective), conforming to the orbitofrontal versus dorsolateral

typology; risk-taking and associated characteristics were associated more with the

orbitofrontal than the dorsolateral factor, whereas attentional and planning abilities tended to

correlate more sfrongly with the dorsolateral factor. Results are discussed in light of fiiture

assessment, investigation and understanding ofcomplex human decision-making and

executive fiinctions. Implications, applications and suggestions for fiiture research are also

proposed.
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Chapter One: General Introduction

Executive Functions & Associated Neural Substrates

Human adaptability involves conscious, intelligent, problem-solving behaviour highly

dependent on the frontal lobe (Bradshaw & Sheppard, 2000). The human frontal cortex has

been conceptualized as "the special workshop of the thinking process" (Burdach, 1819, cited

by Pennington & Ozonoff, 1996) where higher cognitive or "executive processes" (Shallice

& Burgess, 1991) are largely elaborated. The frontal lobe accounts for a disproportionate

thirty percent of the already increased amount of cortical surface in humans, as compared to

non-human primates. This parallel between the vast expansion of the frontal lobe and

increased sophistication ofhuman behaviour has left clinicians and scientists to theorize that

the key to understanding the uniqueness of human behaviour will come from an unveiling of

the ftinctions of the frontal lobes (Raichle, 2002).

Executive functioning refers to the ability to adapt one's behaviour based on changing

environmental contingencies; it includes cognitive functions involved in planning and

guiding behavior to achieve a goal in an efficient manner (Kodituwakku, Kalberg & May,

2001). Executive functions are associated with the integrity of the frontal lobe, and insult to

this region results in difficulties in novel contexts where decisions must be made among

multiple appropriate and inappropriate response alternatives. Inappropriate responses to

changing environmental contingencies are often the result of perseveration, impersistence,

lack of initiative or intrusions of task-irrelevant behaviour (Bradshaw & Sheppard, 2000),

despite intact knowledge of the task requirements. Executive processes necessitate the

presence of flexible and adaptable behaviour in response to changing environmental

contingencies and this adaptability involves the ability to attend to currently relevant events,
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to switch between cognitive strategies or behavioural responses, to inhibit inappropriate

behaviours and to select and mobilize appropriate effectors (Allport, 1989, cited by

Bradshaw & Sheppard, 2000). The prefrontal cortex (PFC) is most often cited as the primary

neural substrate of executive processes and damage to this brain region leads to a distinctive

set of context-dependent impairments that become "particularly prominent when the

environment contains distractors; when ambiguity and conflict are high; when appearance

and significance are at odds; when events must be interpreted in light of contextual

peculiarities; when prepotent response tendencies must be restrained for some long term

purpose; when decision trees have multiple branches; and when the egocentric point of view

must be transcended" (Mesulam, 2002, p. 24).

The concept of executive functions (EFs) refers to deliberate, or effortful actions that

involve various abilities, such as holding and manipulating information (i.e. working

memory), focusing on one task at a time (i.e., inhibiting task-irrelevant habitual responses),

and analyzing, monitoring and controlling emotionally laden stimuli and social interchange

(Kodituwakku et al., 2001, p. 192; Knight & Stuss, 2002). A number of researchers have

defined EFs as a group of cognitive abilities that include (a) self-regulation of behaviors, (b)

sequencing of behaviors, (c) cognitive flexibility, (d) response inhibition, (e) planning, and

(f) organization of behavior (Eslinger, 1996). Denckla (1996) has suggested that executive

functions are "future-oriented" processes, and most researchers agree that EFs are not basic

cognitive processes such as motor activity, sensation, perception, attention or memory, but

instead involve the integration of more basic cognitive processes (Connor, Sampson,

Bookstein, Barr & Streissguth, 2000).
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Although the sensorimotor systems are capable of obtaining complex information

from the environment and executing automatic behaviours, complex information coupled

with multiple behavioural options necessitates the existence of a "control center" that carries

out appropriate attentional, decision-making and coordinative fiinctions (Miller & Cohen,

2001). Such control mechanisms involve neural circuitry among multiple brain regions;

frequently implicated in these coordinative or executive processes is the PFC region. "The

prefrontal cortex regulates the selection, timing, monitoring and interpretation of behaviour

rather than the formation of the constituent percepts or movements" (Mesulam, 2002, p.25).

Prefrontal connections enable widespread neuronal network activations and inhibitions, and

prefrontal cortex insult and associated executive dysfunction has been implicated in

numerous neurodegenerative diseases such as Parkinson's and Huntington's, as well as

multiple neurodevelopmental disorders such as Tourette's Syndrome, obsessive compulsive

disorder, attention deficit hyperactivity disorder, schizophrenia and autism (Bradshaw &

Sheppard, 2000).

The Present Thesis

A BriefOverview

In the present thesis and outlined in this first chapter, theories of prefrontal regional

specificity are examined as they relate to complex human decision making processes and

personality characteristics. The focus for Chapter Two is the question ofhow well current

behavioural measures of prefrontal cortex function capture the divisions between dorsal and

orbitofrontal regions that have been revealed through recent developments in neuroscience

research. Chapter Three addresses self-report measures of decision-making processes, and

these processes are considered in light of neuroscience models of prefrontal cortex regional
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specificity. Finally, Chapter 4 includes a general discussion including the strengths,

limitations and implications of the current study, as well as suggestions for future research.

Primary Focus

The literature on executive functions involves various psychological disciplines. In an

attempt to understand complex human decision making, some researchers use self-report

measures of behavioural characteristics such as risk-taking, sensation seeking, impulsivity,

and sensitivity to reward and punishment (Bevins, 2001; Zuckerman, 1994; Zuckerman,

Eysenck & Eysenck, 1978; Kahneman & Tversky, 1981; Torrubia, Avila, Molt6 & Caseras,

2001). Others rely more on neuroimaging and electrophysiological research involving

experimental tasks thought to demonstrate executive fiinctions in action (Newman, Patterson,

Rowland & Nichols, 1990; Rogers & Monsell, 1995; Freedman, 1990), while some prefer to

study clinical populations with specific brain damage (Bechara, Damasio, Damasio &

Anderson, 1994; Bechara, Tranel & Damasio, 2000; Roberts, Robbins & Everitt, 1988;

Damasio, 1994; Rolls, Homak & McGrath, 1994).

Major advances have been made with the advent of neuroimaging techniques and

electrophysiology, which provide on-line measures of the brain's response to various

challenges to the executive systems (Raichle, 2002), leading to a greater appreciation of the

dissociations among prefrontal cortex functions. The two major questions of this thesis

involve (1) whether behavioural measures designed to reflect specific executive functions of

the orbitofrontal (processes characterized primarily by affect regulation) versus dorsolateral

prefrontal cortex (predominantly cognitive abilities), intercorrelate appropriately as

individual differences measures, and (2) whether self-report measures of risk-taking and
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attentional abilities and their associated characteristics can also be understood utilizing a

neuroscience model of prefrontal regional specificity. , > > o

Developmental and Neuropsychological Changes in Adolescence

From a developmental perspective, early to late adolescence is a stage in which the

prefrontal cortices undergo intensive structural and functional maturational changes; these

changes have been correlated with concurrent changes in hormonal and neurotransmitter

systems (Spear, 2000 a, b; Kolb & Whishaw, 1996; Gerra et al, 2000). Investigators have

reported high levels of risky and sensation driven behaviours during this maturational period,

as well as a hypersensitivity to reward and a lack of inhibition (Irwin, Brindis, Brodt, Bennett

& Rodriguez, 1991; Spear, 2000 a, b; Duncan, Donnelly, Nicholson & White, 1999). In

addition to physiological maturation, psychosocial factors are also thought to contribute to

the increase in risk-taking, antisocial and related behaviours in adolescence; these factors

include the increasing importance of peer relationships and the development of self-

conscious values, attitudes and aspirations. Furthermore, there is a reported discrepancy

between "biological maturity" and "social maturity" in which deviant and risk-taking ,

behaviour is learned through peer social and behavioural models that are easily mimicked

(MofFitt, 1993).

Adolescence is a period of profound neurodevelopmental change in which youth

acquire increasingly adult-like cognitive and emotional styles that are distinct from those

observed in childhood (Chambers & Potenza, 2003; Feinberg, 1983; Yates, 1996).

Adolescents frequently seek adult experiences, behaviours and responsibilities and they often

enjoy their initial participation in these experiences (Chambers & Potenza, 2003). This
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heightened interest and attraction with novelty may represent an evolutionary adaptive

process that facilitates learning. Just as childhood play may serve as a safe method in which

to learn about real life experiences (Panksepp, 1998), the motivation in adolescence

progresses to experimentation, also an effective form of learning and important for brain

maturation, however one that presents risks that are absent in childhood play (Chambers and

Potenza, 2003). Such experimentation and novelty seeking can result, in the context of a

sense of invulnerability, in naive decision making. Adults often see the resulting risky

behaviours as the product of poor judgment likely connected with immature cognitive

executive functions that have been associated with dorsolateral prefrontal cortex. However,

one can equally link such poorjudgments to learning styles representing an imbalance in

favor of certain affect-driven aspects of learning often associated with orbitofrontal cortex.

From a developmental perspective, brain maturational changes during adolescence are

thought to contribute to the increased likelihood of behaviour such as risk taking, sensation

seeking, sensitivity to reward and a lack of inhibition, which have been reported to relate to

the fimction of the dorsolateral and orbitofrontal prefrontal cortex, both of which undergo

significant reorganization during adolescence (Spear, 2000 a, b). Understanding the neural

basis of such human decision-making processes can be best addressed during this particularly

vulnerable period.
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Chapter Two: Parsing Executive Processes with theories of

Prefrontal Regional Specificity

Prefrontal Cortex: Development, Anatomy & Connectivity

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

begins well before birth and continues at least into late adolescence. The prefrontal cortex

(PFC) exhibits considerable growth during childhood and into adolescence, in terms of

mylenation (Pfefferbaum et al, 1994; Yakovlev & Lecours, 1967), synaptic density

(Huttenlocher, 1979, 1990), interhemispheric connectivity (Thompson et al., 2000) and

metabolic and electrical activity (Luciana & Nelson, 1998; Rubia et al, 2000; Travis, 1998),

among other indices (Happaney, Zelazo & Stuss, 2004). Developmental trajectories for

discrete executive functions associated with the PFC across the lifespan are sparse; however,

recent literature has identified a stage-like sequence of executive fiinction development

characterized by "spurts" in executive abilities as early as 12 months of age, with the

majority of executive processes evident around 8 years of age and a natural age-related

decline in executive capacity around 65 years of age (Ardila & Rosselli, 1994; Case, 1992;

Luciana & Nelson, 1998; De Luca et al., 2003). Happaney and colleagues (2004) report that

although PFC maturation continues to occur into adulthood, function associated with the PFC

first emerges early in development at approximately the end of the first year after birth.

Prefrontal maturation appears to plateau by late adolescence, and with increasing age a

decline in frontal lobe and its functions occurs (Kolb & Whishaw, 1996; Luria, 1973;

Moscovitch & Wincour, 1992).

The PFC is phylogenetically one of the most recently developed brain regions and the

development of this region is thought to correspond to the diverse and flexible human
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behavioural repertoire (Miller & Cohen, 2001; Fuster, 1989). The growth in complex human

behaviour is paralleled by a vast expansion of the PFC, which occupies up to thirty-five

percent of the neocortical mantle in humans and only ten to twelve percent in non-human

primates (Knight & Stuss, 2002). An increasing number of investigators are interested in the

development of the PFC and association executive functions as these processes are believed

necessary for the conscious control of thought and action (Happaney et al, 2004). The PFC

is well positioned for the coordination of a multitude of neural processes due to its vast

interconnections with cortical and subcortical sensorimotor systems and the complex network

of neural connections that are evident in the PFC region itself

The PFC is anterior to the premotor cortex and the supplementary motor area

(Happaney et al, 2004), and receives projections from the mediodorsal nucleus (MDN) of

the thalamus. Based on the divisions of the MDN, the PFC may be divided into three main

regions (Fuster, 1989). First, the medial portion of the MDN projects to the orbital (ventral)

surface of the prefrontal cortex, which includes Broadmann Areas (BA) 11,12 and 47 (Rolls,

1998). It is termed the orbitofrontal cortex (OFC) and its main afferents stem from the

temporal lobe; this prefrontal region receives information from the ventral (object-

processing) visual stream, and taste, olfactory, auditory and somatosensory inputs.

Furthermore, this region projects subcortically to the amygdala and hypothalamus which

provides an anatomical link for influencing the limbic system and autonomic system, which

in turn controls functions such as blood pressure and respiration that are important

components of emotional responses (see Figure 1).

There has been some inconsistency in the literature surrounding which regions of the

prefrontal cortex are considered part of the orbitofrontal region. While some authors have
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maintained that orbitofrontal and ventromedial areas are essentially the same, others have

made fine distinctions between these areas (Krawczyk, 2002). For present purposes, the term

OFC will refer specifically to the rectus gyrus and orbital gyri (i.e., the layer of the lower

surface of the brain that sits on top of the orbits (eyes) (Bechara, 2004)), as well as the

ventromedial prefrontal area (the most medial portion of the ventral surface of the

orbitofrontal cortex). Thus, orbitofrontal applies to the majority of the underside of the

prefrontal cortex and the ventromedial may be designated as the innermost medial areas of

the ventral frontal lobes.

Second, the lateral portion of the MDN projects to the dorsolateral prefrontal cortex

(DLPFC) (BA 9 and 46) (see Figure 1). This portion of the prefrontal cortex receives inputs

from the posterior parietal cortex and the superior temporal sulcus, and these connections are

reciprocal (Rosenkilde, 1979; Fuster, 1989; Kolb & Whishaw, 1996). In addition, the

DLPFC has extensive connections to regions including the cingulate cortex, basal ganglia

and the superior coUiculus. Third, the most lateral part of the MDN projects to the frontal

eye fields (BA 8) in the anterior bank of the arcuate sulcus. Both the DLPFC and the OFC

belong to the frontostriatal circuit, which is intimately connected with the limbic system and

in particular, the amygdala. Consequently, these prefrontal regions are anatomically

structured for the integration of affective and non-affective information, as well as for the

regulation of appetitive/ motivated responses (Happaney et al, 2004).

Prefrontal Cortex Regional Specificity

Executive dysfiinction is a broad concept and populations displaying this type of

dysfunction do not constitute a homogenous group. Functionally, the DLPFC and the OFC's

contributions to executive functions are often considered cumulatively. However,
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neuroscientists have reported a dissociation between the two prefrontal regions with respect

to type of executive function (EF), which themselves have been divided into cognitive or

attentionally based and emotionally or affectively-based EF (Kodituwakku et al., 2001).

More traditionally, the concept ofEF refers to cognition-based actions, with various

cognitive tests requiring attention and working memory used in formal assessments. Such

tests include measures of attentional and conceptual set shifting, planning and working

memory skills. More recently, there has been an attempt by researchers to broaden the

definition of EFs to include action selection that involves an emotional or affective

component (Rolls et al., 1994; Dias, Robbins & Roberts, 1996a). This emotion-related or

affective type of EF is thought to be based on rewards and punishments, for example,

positive and negative reinforcement, as well as punishment obtained previously in similar

situations (Kodituwakku et al., 2001), and is assessed by tests that measure the ability to

modify behavior in response to changing reinforcement conditions. DLPFC function has

been associated with cognitive or attentional EF, and the functions of the OFC with affective

or emotion-related EF (Kodituwakku et al, 2001; Rolls, 1998; Bechara, Damasio &

Damasio, 2000). Knight and Stuss (2002) suggest that the dorsolateral PFC may be

considered as the central executive for cognitive control, and the OFC as the central

executive for emotional and social control (see Figure 2).

Prefrontal Regional Specificity, Executive Functions & Psychopathology

Deficits in executive and prefrontal cortex functioning have been well documented in

a number of disorders throughout the lifespan, including Attention Deficit Hyperactivity

Disorder, Conduct Disorder, Autism, Tourette syndrome, Obsessive-Compulsive Disorder,

Alzheimer's disease, Parkinson's disease, Huntington's disease, early treated
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phenylkeonuria. Psychopathy and Antisocial behaviour, focal lesion populations, Prenatal

Alcohol Exposure, and addiction studies (Pennington & Ozonoff, 1996; Evans, Lewis &

lobst, 2004; Lawrence, Sahakian, Rogers, Hodges & Robbins, 1999; Freedman, 1990; Blair,

2004; Blair, Colledge & Mitchell, 2001; S^guin, J.R., 2004; Sabbagh, M.A., 2004; Bechara,

2004; Stuss & Anderson, 2004; Kodituwakku et al., 2001; Goldstein & Volkow, 2002).

Many researchers have applied the concept of executive dys/function to the study of

abnormal development and have found that this construct provides a promising model for

understanding psychopathology.

Damasio and colleagues have published extensively on the issue of risk-related decision-

making in individuals with orbitofrontal damage (Damasio, 1994; Bechara et al, 2000;

Eslinger & Damasio, 1985; Bechara et al., 1994). These studies attempted to maximize

generalizability to real-world decision making for individuals with frontal deficits;

participants could engage in risks or play conservatively and the task was originally designed

to reflect real-world financial behaviour of patients with OFC damage, who characteristically

make decisions that have aversive financial outcomes. Results indicate that clinical

populations chose disadvantageously (making "risky" choices, resulting in a net monetary

loss upon completion of the task) when compared to the control participants and overall,

performed poorly when compared to the control group. Bechara, Damasio, Tranel and

Damasio (1997) have consequently proposed that patients with orbitofrontal damage display

hypersensitivity to reward. While individuals with damage to the OFC exhibit selective

impairments on emotion-related decision-making tasks, they have no difficulty with the

Wisconsin Card Sorting Task, an index of cognition-based EF (Damasio, 1994).

Impairments in performance on the Visual Discrimination Reversal Test, which is thought to
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measure emotion-related EF, is found in individuals with orbitofrontal damage and similar to

Damasio's findings, these individuals exhibited normal performance on cognition-based

measures ofEF (Rolls et al., 1994). Moreover, researchers have found a positive correlation

between performance of individuals with orbitofrontal damage on emotion-related EF tasks

and social and behavioral difficulties; the more extensive the damage to the orbitofrontal

region, the greater the social and behavioural impairment (Damasio, 1994; Rolls et al.,1994).

Patients with bilateral lesions of the ventromedial prefrontal cortex (which includes the OFC)

develop severe impairments in personal and social decision-making, despite otherwise intact

intellectual abilities (Bechara, 2004). Bechara reports that "studies of decision-making in

neurological patients who can no longer process emotional information normally suggest that

people make judgments not only by evaluating the consequences and their probability of

occurring, but also and even sometimes primarily at a gut or emotional level" (p. 30).

Damage to the DLPFC presents a different pattern of deficits. Lateral PFC damage

resulted in deficits in working memory, despite unimpaired performance on theory of mind

tasks (Stone, Baron-Cohen & Knight, 1998), while individuals with selective trauma to the

OFC region were impaired on theory of mind tasks, but displayed no difficulties with

working memory tasks. Trauma to the DLPFC correlates with poor organizational strategies

and planning abilities (Mega & Cummings, 1994; Knight & Stuss, 2002; Watkins et al.,

2000; Rahman, Sahakia, Cardinal, Rogers & Robbins, 2001), deficits in memory and

attentional functions (Kolb & Whishaw, 1996; Knight & Stuss, 2002; Rahman et al., 2001)

and poor response inhibition (Knight & Stuss, 2002).

The impact of early trauma to prefrontal regions on the developmental trajectory

indicates that the specific timing of brain damage is critical because particular brain regions





23

and their associated connectivity to other brain regions are differentially sensitive to injury

dependent upon the developmental epoch during which insult occurs (Christ, White,

Brunstrom & Abrams, 2003; Scheibel & Levin, 1997). Distinctive profiles for individuals

who experience acquired ventromedial (a sub-region of the OFC) focal damage in early

childhood and those who experience insult in adulthood have been reported (Anderson,

Bechara, Damasio, Tranel & Damasio, 1999); no recovery of social fiinctions was evident at

any stage of development in individuals whose damage occurred prior to 16 months of age,

and behavioural and emotion-related deficits were more pronounced in this population

compared to adult onset of ventromedial lesions.

The Prefrontal Cortex: Functional Specialization

Dorsolateral Prefrontal Cortex

Attention, Memory & Planning Abilities. The DLPFC is thought to be primarily

responsible for maintaining and manipulating information in short term/working/temporal

memory which involves the ability to maintain information over a delay and to manipulate

the contents of this short-term memory system. This characteristic temporal memory

functioning has obvious value in decision making and executive processes as it is critical for

maintaining a focus on goal hierarchies and monitoring the status of competing options

(Krawczyk, 2002). The DLPFC is thought to play a critical role in temporal ordering;

individuals with DLPFC damage often display difficulties in sequencing recent or remote

events (Knight & Stuss, 2002). The DLPFC is also involved in tasks such as spatial short-

term memory tasks, (Rosenkilde, 1979; Fuster, 1989) and this region is particularly involved

in the selection of behaviour based on temporal or short-term memory (Kolb & Whishaw,
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1996). Individuals with impairments in temporal memory often become dependent upon

external environmental cues (as opposed to internally driven cues) to determine their

behaviour as there is no influence of internalized knowledge to guide their behaviour. This

type of impairment often produces secondary difficulty in inhibiting behaviour to external

stimuli.

DLPFC damage results in an impaired ability to focus attention on task relevant

stimuli, and subsequently individuals with this type of prefrontal damage fiinction in a "noisy

environment because of a failure to gate out extraneous sensory information" (Knight &

Stuss, 2002, p. 577). In addition to suppressing responses to task-irrelevant stimuli, the

DLPFC is thought to play an important role in the excitatory control that is necessary in

attention/ working memory tasks. The DLPFC is believed to be critical for exciting and

sustaining the neural activity (in distributed brain regions) that is necessary to complete tasks

requiring attentional and working memory processes. In addition to temporal memory

functions, the DLPFC is predominantly involved in inductive reasoning; this type of

reasoning involves multiple options and sorting among competing arguments, with

graduations of utility, to provide appropriate responses (Krawczyk, 2002). Finally, DLPFC

function has also been associated with planning abilities (Owen, 1999; Dagher, Owen,

Boecker & Brooks, 1999; Watkins, Rogers, Lawrence, Sahakian, Rosser & Robbins, 2000;

Rowe, Owen, Johnsrude & Passingham, 2001; van den Heuvel et al., 2005; Cazalis et al,

2003).

Inhibitory Control. Inhibitory control is viewed as the ability to withhold a

preplanned response, to interrupt a process that has already commenced, to avoid interference

and to delay a response (Hamishfeger & Bjorklund, 1993; Rubia, Oosterlaan, Sergeant,
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Brandeis & v Leeuwen, 1998), and this ability is believed to be fundamental to successful

executive function and social adaptation (Tamm, Menon & Reiss, 2002). Distraction due to a

failure in inhibitory control is a critical element of the deficits observed in DLPFC-lesioned

monkeys on delayed response tasks (Bartus & Levere, 1977), resulting in failures of

inhibition of early sensory input and difficulties in the inhibition of higher level cognitive

processes (Knight & Stuss, 2002). Sensory distractors that are not relevant to the task at

hand disproportionately reduce performance in individuals with lateral PFC lesions

(Shimamura, Jurica, Mangels, Gershberg & Knight, 1995; Mangels, Gershberg, Shimamura

& Knight, 1996).

Orbitofrontal Prefrontal Cortex

Emotion Regulation, Emotion Related Learning & Stimulus Reinforcement

Associations. The OFC has a distinct role in decision-making processes and, ultimately, in

guiding behaviour. This region plays a role in regulating emotion and emotion-related

learning, and is involved in processes of reward and reinforcement (Rolls, 2000). Emotions

influence how individuals encode, interpret, recall, and act upon the external world

(McNally, 1998). Rolls (1998, p. 77) has indicated that because "the orbitofrontal cortex is

involved in the disconnection of stimulus reinforcement associations... important in learned

emotional responses, then it follows that the OFC is involved in emotional responses by

correcting stimulus-reinforcement associations when they become inappropriate." The OFC

is involved in the execution of behavioral responses when these are computed by reward,

punishment or affective association learning (Rolls, 1998). The OFC is specialized for these

emotion-related EFs because of its representations of primary (unlearned) reinforcers, and its

abiUty to rapidly learn and modify associations of stimuli with these primary reinforcers.
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The OFC has a specific role in monitoring reward values of stimuli and responses so

as to choose appropriate actions in a flexible and purposeful manner, particularly in situations

of novelty and uncertainty (Elliot, Dolan & Frith, 2000). The OFC plays a role in situations

involving incentive gain, and the emotional experience associated with gains and losses

(Breiter, Aharon, Kahneman, Dale & Shizgal, 2001; Knutson, Westdorp, Kaiser & Hommer,

2000; Elliott, Rees & Dolan, 1999; Rogers et al., 1999), and in making rapid changes in

behaviour to accommodate environmental changes (Rolls, 2000).

The OFC's role as an integration center for emotional content (Krawczyk, 2002),

coupled with its participation in the processing the reward value of stimuli, results in this

region's central role in decision making, as decisions are often based on affective factors

(Krawczyk, 2002). The OFC adapts to rapid changes in reward contingencies, and

suppresses responses to stimuli when they are no longer rewarding (Rolls, 2000). In

addition, the OFC is also involved in inhibiting motor responses, which is also necessary for

adjusting behaviour in response to changing environmental contingencies (Krawczyk, 2002).

The connectivity of the OFC (with the basal ganglia, amygdala and other prefrontal areas

including as the DLPFC) allows this region to receive perceptual and emotional information,

to code such information for reward value, and serve as an interface between affective

information and the cognitive executive processes associated with the DLPFC (Krawczyk,

2002), ultimately mediating between cognition and emotion.

Reward Processing: Primary Reinforcers & Social Context. The OFC responds to a

range of rewarding stimuli, including those related to visual, olfactory, somatosensory and

taste inputs (Rolls, 1999). Damage to the OFC leads to reversal learning deficits and

perseverative responses (Dias, Robbins & Roberts, 1996a & 1997); these occur when
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responses to a previously rewarded stimulus continue even though the stimuli is no longer

rewarding (Butter, 1969). The OFC appears to be a "mechanism of reward tracking"

(Krawczyk, 2002) whether these are primary reinforcers or abstract rewards (Elliott et al,

2000).

The OFC also contains face selective neurons that appear to respond differently based

on the type of facial expression presented (Rolls, 2002). These neurons may be involved

with representing the positive reward value of certain facial expressions, implying that this

form of reward processing may overlap with the processing of basic sensory rewards. OFC

damage leads to impairments in the identification of facial and vocal emotional expression,

with correlated alteration of self-reported emotional experience and severity of the

individual's behavioural challenges (Homak, Rolls & Wade, 1996). In addition, this

insensitivity to emotional environmental input may account for the social inappropriateness

reported in individuals with OFC damage. v , -
- ~. ..

Aspects of Executive Functions

Attentional vs. Affective Shifts

The distinction between cognitive and emotional aspects of executive functioning

may serve as a basis for the distinction between attentional and affective shifts and their

respective prefrontal cortices (Dias et al., 1996 a, b; Roberts, Robbins, Everitt & Muir, 1992).

An attentional shift occurs when an individual is required to switch attention from one

dimension of a stimulus to another dimension (Kodituwakku et al, 2001). This involves

learning associations involving new stimulus features and the suppression of previous

stimulus associations (Fellows & Farah, 2003), as for example, in the Wisconsin Card



^



Sorting Task, which requires an individual to shift attention from one stimulus dimension to

another (e.g. color, number and shape of the stimulus). This type of shift is associated with

cognition-based or attentional EF, and is thought to relate to DLPFC fiinction. In contrast,

affective shifts are different in that they require a reversal of the stimulus-reward

associations, reflected in reversal learning tasks (Kodituwakku et al., 2001). Affective

shifting involves learning that an initially rewarded stimulus is no longer rewarded

(extinction), or that the reward and punishment value of two stimuli have switched (reversal

learning). This type of shift is associated with emotion-related or affective EF, and is related

to OFC fiinction.

Evidence from the animal literature has demonstrated the role of dorsolateral

prefrontal function in attentional shifts, and orbitofrontal fiinction in affective shifts. Dias

and colleagues (1996a) provided evidence to suggest that lesions in the lateral prefrontal

cortex (but not in the orbitofrontal cortex), impaired the performance of monkeys on a test of

attentional/ extra-dimensional set shifting (ability to shift attention across different

dimensions). In confrast, monkeys with orbitofrontal (but not dorsolateral) lesions were

impaired in performing affective/ intradimensional set shifts (measures shifting of responses

to two stimuli that vary only in their reward contingencies, ultimately measuring the reversal

of response-reward associations).

In summary, executive processes associated with the PFC involve the ability to

recognize that "as an individual acts on the environment, the consequences of that action

must be incorporated into existing plans. If the environment deviates from expectations, one

needs to detect this change and plans must be reassessed" (Knight & Stuss, 2002, p. 580).

Furthermore, there appears to be a regional specificity within the PFC in the type of
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executive processes involved in decision-making behaviours. DLPFC function is associated

with cognitive executive processes such as attention and working memory. OFC function is

associated with affective executive processes such as emotion regulation and social

interchange.

Executive Function & Attention to Feedback

The ability to adapt one's behaviour based on changing environmental contingencies

is a critical component of executive behaviour and reflection on negative versus positive

feedback may play an important role in this behavioural adaptation. Undersocialized,

disinhibited and psychopathic individuals, characterized by an abundance of perseverative,

dysfunctional behaviors, reflect less on negative feedback (Newman et al, 1990; Howland,

Patterson, Kosson & Newman, 1987; Newman, 1987), leading Newman to propose that this

is indicative of deficits in response modulation at the level of automatic processing. He

suggests that these deficits render the individual unable to take sufficient time to pause and

reflect on their errors. Such reduced reflection on negative feedback decreases the

opportunity for evaluative and corrective measures, which in turn, increases the likelihood of

perseverative, dysfunctional behavior.

The Present Investigation

This investigation utilizes a model of prefrontal cortex regional specificity to examine

cognitive and affective component processes of executive functions within the normal range

of individual differences. Theories of prefrontal regional specificity indicate that the DLPFC

is the central executive for cognitive control; this region appears to be specialized for

executive functions such as attention and working memory, and inhibitory control. The OFC
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appears to be the central executive for affective control; this region has been associated with

emotion regulation, affective learning and social interchange.

A primary measure in this study is the Intradimensional/ Extradimensional (ID/ED)

Shift Task (Roberts et al., 1988). This task was designed to measure different types of shifts

necessary for executive processes: attentional (DLPFC-related) and affective shifting (OFC-

related). Attentional shifting ability was also measured with the Monsell task, which has

been associated with activation in the DLPFC region of the PFC (Rogers & Monsell, 1995;

Monsell, 2003). The Iowa gambling task, thought to be sensitive to orbitofi-ontal function,

was used to measure risk-taking behaviour. Attention to feedback was assessed with the

Newman task with special focus on positive versus negative feedback. Two subscales from

the Colour-Word Interference Test of the Delis-Kaplan Executive Function Scale, the

Inhibition and the Inhibition Switching scales, were utilized as an index of executive

fiinctions thought sensitive to DLPFC fiinction as they reportedly assess cognitive flexibility,

inhibition and attentional shifting ability. The Object Alternation task was also used as a

measure of orbitofrontal fiinction as it has been repeatedly associated with the fiinction of

this prefrontal region. Finally, the Trails B test was hypothesized to correlate with DLPFC

fiinction due to its hypothesized lack of emotional content, and its inclusion of attentional

shifting properties.

To summarize, those tasks hypothesized to be sensitive to affective executive processes

were the following experimental measures: Intradimensional Shifting, Object Alternation,

Iowa Gambling Task and the Newman task. Tasks hypothesized to be sensitive to

predominantly cognitive (non-affective) executive processes were the following experimental
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and clinical measures: Extradimensional Shifting, Trail-Making Test: Part B, D-KEFS

Inhibition and Inhibition-Switch subscales and the Monsell task (see Table 1).

Hypotheses Summary

(1) Measures thought to index orbitofrontal function and associated affective executive

processes (Object Alternation, Iowa Gambling, Intradimensional shift tasks and possibly the

Newman task), should load highly on a single factor.

(2) Measures thought sensitive to dorsolateral fiinction and associated cognitive executive

processes (Monsell task, Trail-Making Task: Part B, Extradimensional shift task and the

Delis-Kaplan Executive Function Scales, Inhibition and Inhibition-Switch subscales) should

load highly on a separate single factor.

Methods

Recruitment

This study was part of a larger study conducted in the Brock Neuropsychology Lab

designed to investigate neuropsychological correlates of late adolescent development in

males. Approval ofBrock University's Research Ethics Board was obtained for this study

(file #03-344). The participants for this study were recruited from the Brock university

psychology research pool, Brock university undergraduate classes, and local niagara

community agencies. Late adolescence was selected as the population of interest as this age

group shows an increase in behaviours such as risk-taking and sensation seeking (and

therefore maximum variabihty in the behaviours of interest), and only males were selected as

they tend to engage in a higher level of risky and sensation seeking behaviours than females.
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In order to reduce social cohort heterogeneity, the investigation focused on individuals either

enrolled in university courses, or those who indicated the intent to do so. Consent forms (see

Appendix A), debriefing forms (see Appendix B) and a phone script (see Appendix C)

utilized in this study were approved by Brock University's Research Ethics Board.

Participants .., .4.

The participants of this study originally included 50 male youths who came into the

Brock Neuropsychology Lab between the months of April and June of 2004, and reduced to

45 once exclusionary criteria were applied. Participants completed two sessions of .

approximately 2.5 hours each; these sessions were completed on different days, no longer

than one week apart. The original group of 50 youths ranged in age from 17 to 20 years of

age; however, only participants 18 or 19 years of age were utilized in the statistical analyses

to ensure less variability in the age variable and to obtain a sample representative of late

adolescence. Requirements for participation in this study included no history of head injury,

fluency in both speech and writing in the Enghsh language and no diagnosis of neurological

medical conditions. Participants were compensated a total of fifty dollars for the time they

spent participating in this study.

Procedure

The data reported here were gathered in one test session, which began with a briefing

about the experimental procedures and the obtainment of the consent form, and progressed to

four computer tasks: the Newman task, the Iowa Gambling task, the Intra/Extradimensional

Shift task and the Monsell Switching task. This was followed by the noncomputerized tasks:

the Object Alternation task, the Trail-Making Tests Part A and Part B, and the Delis-Kaplan

Executive Function Colour-Word Interference Subscales.
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Measures

IntradimensionaUExtradimensional (ID/ED) Set-Shift 7a[5'A: (adapted from Roberts,

Robbins & Everitt, 1988). This task was adapted from the Cambridge Neuropsychological

Tests Automated Battery (CANTAB), which is a standardized assessment battery thought to

effectively measure cognitive fimctions that has been validated in hospital and neuro-

scientific research settings; see Appendix D for task instructions and scoring methods. This

set-shifting task allows for reversal and attentional set-shift elements to be assessed in

independently within a visual discrimination paradigm. Two stimuli are displayed, each in

one of the available boxes positioned at the top, bottom, left or right of the computer screen.

On each trial, the participant has to choose one of the stimuli clicking on it with the mouse

pointer; this choice is followed by positive or negative feedback, both visually (message on

screen reading CORRECT or WRONG) and auditorily (high or low tone). Two dimensions

are used in this task, colour-filled shapes and white lines. Simple stimuli are made up ofjust

one of these dimensions, whereas compound stimuli are made up of both, namely white lines

overlying colour-filled shapes. Participants progress through the task by satisfying a set

criterion of learning at each stage (6 consecutive correct responses). If at any stage the

participant fails to reach this criterion after 50 trials, the task terminates. The task begins

with two colour-filled shapes. The participant must learn which of the stimuli is correct by

using the mouse to click on it. Once the criterion is reached, the contingencies are reversed

so that now the previously incorrect stimulus is correct. Without the criterion changing, the

second dimension is then introduced, initially lying adjacent to, and then overlapping the first

dimension. Once criterion has been reached with the overlapping compound stimulus, the
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contingencies are reversed within the original dimension. It is important to note that the

second dimension is entirely redundant to the solution of the problem at this stage.

Once the participant has learned the compound discrimination, new compound

stimuli are presented, still varying along the same two dimensions (of shape and of line).

Participants are initially required to continue to attend to the previously relevant dimension of

shape and learn which of the two new exemplars is correct (the "intradimensional" shift).

For the next stage, participants are required to shift attention to the previously irrelevant

dimension of shape and learn which of the two new exemplars in this dimension is now

correct (the "extradimensional" shift). There are a number of reversal stages within the task,

where reward contingencies of the currently relevant dimension are reversed (affective

component, OFC-related), as well as stages in which the categorical dimension necessary to

attend to is reversed (cognitive component, DLPFC-related). The dependent measure is the

number of trials needed to reach criterion after the shift.

Iowa Gambling Tb^^ (adapted from Bechara, Damasio, Damasio & Anderson, 1994).

This task emphasizes the learning of reward and punishment associations in order to guide

on-going decision-making, and is thought to be sensitive to OFC ftmction (Bechara,

Damasio, Damasio & Anderson, 1994; Clark, Cools & Robbins, 2004); see Appendix E for

task instructions and scoring methods. Participants were presented with four decks of cards

equal in appearance and size on a computer screen labeled A, B, C, and D at the top of each

deck and are given a $2000 loan of play money. Participants are told that the game requires a

long series of card selections, one card at a time, from any of the four decks, until they are

told to stop. After turning each card, the participants receive some money (the amount is

only announced after the card is chosen and the amount varies with the deck). Some cards
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result in the participants gaining money and also paying a penalty (the penalty involves

loosing some money and the amount lost varies with the deck as well as the position in the

deck, according to a schedule unknown to the participants). Total earnings are updated on a

status bar on the top of the computer screen after each trial. A slot machine ding sound and a

buzzer accompany winning and losing, respectively. Following the feedback, the participant

moves on to selecting the next card. The participants are told that (1) the goal of the task is

to maximize profit on the loan of play money, (2) they are free to switch from any deck to

another, at any time, and as often as wished, but (3) they are not told ahead of time how

many card selections must be made (the task is stopped after a series of 100 card selections).

The preprogrammed schedules of reward and punishment are as follows: turning any

card from decks A or B yields $100; turning any card from deck C or deck D yields $50. >

However, the ultimate fiiture yield of each deck varies because the penalty amounts are

higher in the high-paying decks (A and B), and lower in the low-paying decks (C and D).

For example, after turning 10 cards from deck A or deck B, the subjects have earned $1000,

but they have also encountered 5 unpredicted punishments bringing their total cost to $1250,

thus incurring a net loss of $250. On the other hand, after turning 10 cards from decks C or

D, the subjects earn $500, but the total of their unpredicted punishments is only $250 (net

gains of $250). Deck A differs from deck B in that the punishment is more frequent, but of

smaller magnitude, whereas in deck B, the punishment is less frequent, but of a higher

magnitude. In deck C, the punishment is more frequent and of smaller magnitude than in

deck D, while in deck D, the punishment is less frequent but of higher magnitude. Decks A

and B are thus "disadvantageous" because they cost in the long run, while decks C and D are
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"advantageous" because they gain in the long run. No actual money is earned in the task, and

the task is approximately 1 5 minutes in duration.

Adult participants normally develop a preference for the safe card decks where the

immediate rewards are smaller but the risk of losses is even lower. Individuals with bilateral

damage to the ventromedial PFC do not acquire the safe deck preference that typically

developing individuals do, they instead prefer the risky decks for the duration of the task

(Bechara et al, 1 994; Bechara, Tranel et al., 2000).

Object Alternation Task (adapted from Freedman, 1990). This task is thought to

index OFC function (Freedman, 1990; Freedman, Black, Ebert & Binns, 1998; Spinella,

2004); see Appendix F for task instructions and scoring methods. The participant is shown

two objects, a blue cross and a red triangle, and told that a penny is underneath one of them.

Both objects are baited with pennies for the first trial, and on every successive trial the

objects are placed in the left or right position based on a predetermined, pseudo-random

order. A trial is completed after the participant has responded by choosing an object

regardless ofwhether or not they found the penny under the target object. The participant

must correctly remember the placement of the penny on the last trial and alternate his or her

response on the successive trial; this involves learning that the position of the cross and

triangle do not provide any information on the location of the penny. The time between

stimulus presentations is approximately 5 seconds. The task involves 25 trials with 24

alternations of the penny location, and consequently, the possibility of locating the penny >.

occurs 24 times. The number of times the penny is accurately located is recorded; fewer

locating trials indicate greater dysfunction.





37

Newman Task (adapted from Newman, Patterson, Howland and Nichols, 1990). This

experimental task is a modified version of the go/nogo discrimination task used by Newman,

Patterson, Howland and Nichols (1990), and it was utilized to gain a measure of the amount

of time an individual spends reflecting on positively and negatively-oriented performance

feedback; see Appendix G for task instructions and scoring methods. Participants are

instructed that they have to learn through trial and error when to respond (by pressing the

response box) and when not to respond. Stimuli consisted of 16 upper case letters presented

nine times each in pseudo-random order (8 "go" letters and 8 "nogo" letters) presented in a

block, 6 blocks in total. No more than three consecutive "go" or "nogo" stimuli were

presented. Following Newman et al. (1990), participants receive a reward pretreatment,

during which 2 "go" stimuli (and 2 "no-go" stimuli) are presented, in preparation for the test

trials in which 8 "go" stimuli (and 8 "no-go stimuli) are presented. The purpose of the

pretreatment is to establish a dominant response set, by providing a high probabihty of

reward for responding at the beginning of the task (see also Siegel, 1978; Newman et al.,

1987). Following a correct response, the stimulus letter is immediately replaced by the

message "Correct. You win 20 cents!" accompanied by a high-pitched tone, played through

the computer speaker. If the response was incorrect, the message "Wrong. You lose 20

cents!" appeared, and a low-pitched tone was played. No feedback was provided in the

absence of a response.

All participants are informed that they can re-press the response box, after receiving

feedback, in order to proceed to the next trial (and by default, the next stimuli appeared 5

seconds later if there was no response from the participant). In this way, the participant can

control the duration that the negative or positive contingent feedback is displayed.
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Participants are not informed that their response times are being recorded. No feedback is

provided, and therefore no second response is required when a participant does not respond

to the stimulus. In the case of a non-response, the stimulus remains on the screen for four

seconds; the inter-trial interval is 1 second.

Monsell Set Switching Task (adapted from Rogers & Monsell, 1995). This task was

developed to test the cost in performance of a completely predictable switch between two

tasks on successive trials; see Appendix H for task instructions and scoring methods. The

index of interest is the cost in response time of such a switch relative to the case when the

same task is performed on successive trials. The issue of importance is the requirement of

the participant to shift set (from one type ofjudgment to another) compared with a repeated

judgment (neitherjudgment is hard or complicated). Participants are presented with a single

digit presented on a computer screen for 500 ms. They are to decide either whether it is odd

or even (if the number is not underlined) or whether it is greater than or less than 5 (if it is

underlined), indicating the response by pressing the appropriate response key. hi total, there

were 256 experimental trials divided in half with a rest break whose length was regulated by

the participant, and the task also began with a short practice session to ensure understanding

of task requirements.

Trail-Making Test (adapted from Reitan & Wolfson, 1985; Spreen & Strauss, 1998).

This test evaluates speed, sequencing, mental flexibility, and visual search and motor

ftinction; see Appendix I for task instructions and scoring methods. In Trails A, participants

are instructed to connect a series of numbers as quickly and as accurately as possible with a

continuous line. In Trails B, the participants must connect a series of numbers and letters,

alternating between the two while connecting them as quickly and as accurately as possible
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with a continuous line. Both Trails A and Trails B begin with a brief practice session in

which the participant is introduced to a much shorter version of the task to ensure that they

understand the task.

Delis-Kaplan Executive Function Scale (D-KEFS) Colour-Word Interference

Subscales (D-KEFS, 2001, The Psychological Corporation); see Appendix J for task

instructions and scoring methods. These subscales are based on the Stroop (1935) procedure;

the primary executive function associated with this test is the participant's ability to inhibit

an automatic verbal response (reading the printed words) in order to generate a conflicting

response of naming the dissonant ink colours in which the words are printed. There are two

baseline conditions that measure key component skills of the higher-level tasks: basic naming

of colour patches (Condition 1), and basic reading of colour-words printed in black ink

(Condition 2). Condition 3: Inhibition, is the traditional Stroop task, for which the participant

must inhibit reading the words in order to name the dissonant ink colours in which those

words are printed. In Condition 4: Inhibition/Switching, the participant is asked to switch

back and forth between naming the dissonant ink colours and reading the words. This

condition is thought of as a means of evaluating both inhibition and cognitive flexibility.

Time allotted for the task is as follows: Condition 1 : Colour Naming- 90 seconds; Condition

2: Word Reading- 90 seconds; Condition 3: Inhibition- 180 seconds; and Condition 4:

Inhibition/ Switching- 180 seconds.

Results

Data Screening, Distributions & Descriptive Statistics

All data entry was verified manually and checked using scatterplots to identify

outliers and/or mistyped data inputs. Distributions were examined for outliers and departures
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from normality, and skewness and kurtosis values were examined to determine whether the

distributions were sufficiently normal (see Table 2 for values for all variables). If the

distribution was normal, skewness and kurtosis values would be zero; skewness and kurtosis

values that fall between 1 and -1 are considered excellent, and values between 2 and -2 are

acceptable (George & Mallery, 2003; Tabachnik & Fidell, 2001). If the distribution for any

of the variables listed in Table 2 had skewness or kurtosis values of an absolute value greater

than ±2, then that variable was examined for outliers. Potential outliers were identified

among the variables by standardizing the variables and examining the z-scores for any

absolute values greater than 3.29 (p<.001, two-tailed test). If it was found that the removal of

an outlier produced excellent or acceptable skewness and kurtosis values, than it was

assumed that it was the outlier that caused the deviation from normality in the distribution

and all analyses conducted thereafter were done with and without the outlier to ensure that

the outlier did not skew the results. If it was found that the removal of an identified outlier

increased the skewness or kurtosis value, then that outlier remained in all subsequent

analyses. Table 3 presents the effects of eliminating the outlier for all of the variables with

skewness or kurtosis values with an absolute value greater than ±2. The risk-taking total

score was the only variable in which removal of its sole outlier produced an excellent

kurtosis value, and therefore the outlier was assumed to cause the deviation from normality.

All subsequent analyses involving the risk-taking total score were run with and without the

outlier, and results suggested that the outlier did not affect the results. The variable of risk-

taking negative outcome expectancies produced an improved but still not acceptable kurtosis

value with the removal of the sole outlier in this variable; the skewness was acceptable after

removal of this outlier. However, all analyses involving this variable had the same results
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with and without this outher. The remaining variables of intradimensional and

extradimensional shift task errors produced equal or increased skewness and kurtosis values

upon removal of the single outlier in each of the variables, and therefore, the outlier remained

for all analyses. Absolute value z-scores that exceeded 3.29 were considered outliers and the

following variables were determined to have one outlier each: risk-taking total score,

negative outcomes total score, intradimensional shift task and the Newman task. Descriptive

statistics were calculated for all variables utilized in this study. The mean scores, standard

deviations, minimum and maximum values and sample size for each of the variables are

listed in Table 4.

Statistical Analyses

OFC vs. DLPFC Sensitive Experimental Measures. A factor analysis was performed

with all of the experimental and clinically-based hypothesized OFC and DLPFC sensitive

measures, and 5 factors were extracted (see Table 5). All factor analyses in this thesis were

conducted using principal component analysis as the extraction method, and varimax with

Kaiser normalization as the rotation method. Additionally, all analyses utilized eigenvalues

over 1 and loading over 0.5 as a minimum value. Factor 1 included the Newman task (.850)

and the Iowa Gambling Task (.504), and this factor accounted for 16.5% of the variance.

Factor 2 included the Monsell task (.850) and the D-KEFS Inhibition Subscale (-.811), and

accounted for 16.0% of the variance. Factor 3 included the Extradimensional Shifting (.821)

and the Iowa Gambling Task (.693), and accounted for 14.7% of the variance. Factor 4

included the Intradimensional Shifting (-.857) and the Object Alternation Task (.71 1), and

accounted for 14.5% of the variance. Factor 5 included the D-KEFS Inhibition Switch

subscale (.618) and the Trail-Making Test, Part B (.889), and accounted for 14.2% of the
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variance. The original hypotheses surrounding the organization of predictors using tasks

hypothesized to be sensitive to either the OFC or the DLPFC was supported by the factor

analysis, albeit with a more complex structure. Factor 4 clearly grouped two of the OFC-

sensitive measures, and factors 2 and 5 appeared to group types ofDLPFC sensitive

measures. Factors 1 and 3 indicate some ambiguity with respect to the hypothesized

prefrontal model as the Iowa Gambling Task loaded with both the Newman Task

(hypothesized to relate to OFC function) and the Extradimensional Shifting (thought

sensitive to DLPFC function).

Discussion

The purpose of this investigation was to examine how well current behavioural

neurocognitive measures capture the divisions between dorsolateral and orbitofrontal

functions as reflected through recent developments in neuroscience research. Although there

were more groupings than the hypothesized two (DLPFC versus OFC), measures thought

sensitive to OFC function were generally grouped together and measures thought sensitive to

DLPFC function generally grouped together, with an overall lack of pairings across-

prefrontal region.

Beginning first with the measures hypothesized as sensitive to orbitofrontal fiinction,

there was a grouping of tasks thought to relate to OFC function. The fourth factor had a

pairing of two measures traditionally thought to be sensitive to this region's function

(Intradimensional Shifting and the Object Alternation task). These measures have been

utilized in clinical populations with OFC damage and have been shown to be reliable and
"

valid indices ofOFC function (Spinella, 2002; Roberts, et al., 1988). The analyses
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confirmed, for the first time, a relation between these two measures, as would be expected by

their common ability to relate to OFC function. The second purportively OFC-related factor

(factor 1) included the Iowa Gambling Task (IGT) and the Newman Task. The IGT was also

associated with the extradimensional shifl measure in factor 3, itself associated with DLPFC

function, suggesting that the neural correlates of the IGT are somewhat more complicated

than originally postulated by Bechara and colleagues (1994). Furthermore, this finding might

be partially explained by recent literature that indicates that both DLPFC and OFC clinical

populations have difficulty with the IGT, but for different reasons. Fellows and Farah (2004)

reported that impaired performance on the IGT due to ventromedial impairment could be

largely explained by a specific reversal learning deficit, while DLPFC-damaged patients

performed badly even when the reversal-learning challenge was removed, possibly due to the

working memory requirements of the task. Thus, the lack of neuropsychological selectivity

in the Iowa Gambling Task is likely reflecting difficulties with the complex structure of the

decision-making required, including the involvement of a working memory component, in

addition to the reversal-learning demands; consequently, this task is likely to recruit activity

in prefrontal regions outside of the OFC, such as the DLPFC.

The Newman task did not group with some of hypothesized OFC-sensitive measures

(the Object Alternation and the Intradimensional Shift tasks), although it has been associated

through imaging research, with the fiinction ofthe OFC (Elliot, Newman, Longe & Deakin,

2004) and it was grouped with the Iowa Gambhng task, thought to index OFC function. This

finding may be due in part to considerable increased task demands in the Newman task

(inclusion and exclusion learning), compared to the other tasks. The Newman task involves

strong learning and memory components that demand participants learn a series of stimuli in
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which to respond to and an additional series not to respond to; this list learning requires

significant memory abilities, unlike the Object Alternation and Intradimensional Shift task,

where inclusion and exclusion learning and long-term memory processes are not required for

successful task performance. Thus, this differentiation might be the result of a separation in

the OFC of the types of learning required by the Newman task versus the Object Alternation

and Intradimensional Shifting tasks.

The remaining tasks were all grouped (as one would expect) as measures associated

with DLPFC function, and they loaded into 3 factors. First, the Monsell and the D-KEFS

Inhibition subscale loaded together, likely reflecting the common attentional requirements in

these tasks. In the Monsell task, the participant is required to shift attentional set from a

parityjudgment (odd versus even distinction) to a size-judgment (greater or less than 5) and

to suppress the prepotent response that was recently executed. Similarly, the D-KEFS

Inhibition subscale requires suppressing the automatic tendency to read the colour names in

order to name the colour of the ink in which the word is printed in. In other words, the

Monsell requires a suppression of a previously learned response (on the preceding trial) in

favor of a different set of parameters for responding. In the D-KEFS Inhibition task, the

automatic inclination is to read the word, instead of the requested reading of the conflicting

ink colour in which the word is printed, which also reflects the suppression of a previously

learned response involving the automatic inclination to read. Finally, DLPFC has been

associated with executive processes involved in task-switching and attentional shifting, and

these tasks have been shown to be associated with activation of the DLPFC (Monsell, 2003;

Meyer et al., 1998; MacDonald & Cohen, 2000).
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Second, Factor 5 included the hypothesized DLPFC-related measures ofD-KEFS

Inhibition-Switch and the Trail-Making Test, Part B (Trails B). These two tasks also involve

attentional shifting; in the case of the D-KEFS Inhibition-Switch, the participant shifts

attentional set from reading the ink colour that the word is printed in to naming the word,

whereas in the Trails B, the participant shifts set between letters and numbers. Although the

Monsell task, the Trails B test and the Inhibition-Switch subscale appear to have similar task

requirements of switching/ shifting attentional set between stimuli dimensions, the Monsell

task did not group with these tasks. Furthermore, we did a follow-up factor analysis omitting

the Trails B test in order to see with which measures the inhibition-switch task would group.

The inhibition-switch scale grouped with the Newman task instead of with the Monsell and

the other D-KEFS measure involving inhibition. This suggests that the inhibition switch

subscale has more than one source of variance and should not be interpreted simply as a task-

switching task, possibly due to its concurrent inhibitory requirements. It is not yet clear what

the cognitive bases are for these sources of variance.

The third and final factor included the Extradimensional Shift measure and the Iowa

Gambhng Task, and this factor was explored previously during discussion on the Iowa

Gambling task. It is also important to note however, that the Extradimensional Shift task did

not group together with the remaining DLPFC tasks. A possible explanation for this lack of a

relationship might involve task requirements in that the majority of the measures suggested to

relate to DLPFC ftmction, namely the Monsell, the D-KEFS Inhibition subscales and the

Trail-Making Test, Part B, are timed, speeded tasks (in that there is a stop-watch or a very

brief exposure to the stimuli and consequently, a very brief time for the participant to

respond), whereas the Extradimensional Shift task does not involve a speeded dimension.
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These speeded tasks may involve prepotent responses that are more likely to interfere with

current task performance than the extradimensional shifts in which there was no time

component and participants were instructed to take as much time as needed to accurately

respond. Finally, in addition to paradigmatic differences such as speed demands that may

influence performance, there is variable of novelty. Many of the measures such as the Trails

B test and the Monsell task involve shifting cognitive set without introducing novel stimuli.

In contrast, the Extradimensional Shift task incorporates novelty into its exemplars used

during the shifting.

The fact that the tasks associated with DLPFC appear to have arranged themselves

into 2 factors instead of one could be for two reasons: (1) as described above, the demands on

executive fiinctions ofworking memory or attentional shifting differed in important ways,

and/or (2) some of the tasks were timed or had a speeded component (Monsell, DKEFS

Inhibition and Inhibition-Switch, Trails), while the Extradimensional shift task was not

timed.

The original construct motivating this study, however, was that executive functions

associated with OFC would stem from an affective basis in simple learning of positive versus

negative associations with stimuli; however, some researchers have proposed alternatives.

One such alternative theory surrounding the dissociation ofOFC and DLPFC processes

suggests that the key issue is the level of abstraction. O'Reilly, Noelle, Braver and Cohen

(2002) suggest that the appropriate prefrontal dissociation involves the OFC encoding more

detailed feature-level information, while the DLPFC is responsible for encoding more

abstract dimension-level information. However, this theory likely cannot account for the

present study's results as it was evident that different aspects of the same task examined were
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associated with both OFC and DLPFC function. For example, the Intradimensional/

Extradimensional Shift task appeared to relate to both the OFC and the DLPFC function

during intradimensional and extradimensional shifting, respectively, despite the stimuli being

identical for the two types of shifting. In addition, the Iowa Gambling task as discussed

previously, correlated with tasks thought sensitive to both OFC and DLPFC function,

presumably as a resuh of complex task demands that involve a range of executive abilities.

In summary, the present investigation addressed whether behavioural measures

reflecting the distinctions in recent neuroscience models of prefrontal specificity would group

in a way that captures the divisions of functions associated with the OFC and DLPFC, in a

typically developing late adolescent male population. The current literature of prefrontal

regional specificity relies predominantly on clinical populations and animal lesion studies,

and our data have generalized some of these results to individual differences within a healthy

population. The results support the theoretical distinction between types of executive

processes and associated measures, and these executive behavioural measures will be used as

a metric in the next section in which risk-taking and associated characteristics of sensation

seeking and sensitivity to reward and punishment, as well as attentional and associated

planning and inhibitory abilities will be related to this neuroscience model ofPFC regional

specificity.
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Chapter Three: Variation in Risk-taking & Associated Characteristics: A Test of

Cognitive versus Affective Executive Functions

Sensation Seeking, Risk-taking & Sensitivity to Reward & Punishment

There has recently been a renewed interest in the cognitive, behavioural and

neurophysiological processes involved in sensation seeking, risk-taking and sensitivity to

reward and punishment. Sensation seeking is "a trait defined by the seeking of varied, novel,

complex, and intense sensations and experiences, and the willingness to take physical, social,

legal and financial risks for the sake of such experience" (Zuckerman, 1994, p. 27). This is a

useful construct in predicting human decision making and in particular, risk-taking

behaviours, the predictive relationship purportedly reflecting some rewarding aspect of

experiencing novelty (Bevins, 2001). Zuckerman (1994) has suggested that an opportunity

for sensation seeking often places the individual in an approach-avoidance conflict, where the

rewards are positive sensations and experiences. Sensation seeking has been partitioned into

four dimensions: thrill and adventure seeking, experience seeking, disinhibition, and

boredom susceptibility (Zuckerman et al., 1978). Current conceptions of sensation seeking

involve genetic, biological, psychophysiological and social influences (Roberti, 2004).

Engagement in sensation seeking behaviour is often motivated by a desire to increase the

arousal level of the individual by increasing the amount of stimulation the individual

experiences. Although sensation seeking is strongly associated with risk taking, the activities

engaged in vary in the amount of risk that is associated with them. Sensation seekers do not

pursue risk per se but rather accept risk as a possible outcome of obtaining an increase in

arousal. Increase in arousal levels are accomplished through various means, including
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occupational choice, recreation, lifestyle choices, sports and social interactions (Amett, 1991;

Irwin & Millstein, 1986; Zuckerman, 1994; Zuckerman & Neeb, 1980).

The types of risks that human adolescents engage in include not only reckless

behaviour, school misconduct, and so-called antisocial behaviours (which include fighting,

stealing, trespassing, and property damage), but also the use of alcohol, cigarettes and illicit

drugs (Spear, 2000b). Moderate amounts of risk-taking behaviour has been argued to be

representative of "developmentally appropriate experimentation", and has been correlated

with social competence in both childhood and adolescence (Shedler & Block, 1990). Thus,

although there may be advantageous developmental functions associated with moderate risk-

taking behaviours, engagement in high levels of risk-taking may be disadvantageous, if not

life-threatening, for the adolescent and/or others.

Many theorists have proposed that a cost-benefit analysis of engaging in risky

behaviour often occurs prior to the decision to participate. Goldberg and Fischhoff (2000)

report that it is generally assumed that individuals who take risks either underestimate the

magnitude ofthose risks or they seek some benefit fi-om engaging in the risky behaviour. In

fact, Hampson, Severson, Bums, Slovic and Fisher (2001) report that adolescents' increased

willingness to participate in risk-taking behaviours is indeed associated with lowered

estimation of the risks involved and the perception of greater benefits. Consequently, the

perceived outcomes of engaging in risky behaviour is an important consideration to make

when trying to predict risk-taking behaviour. Decision-making research often involves

comparisons of risky and conservative behaviour (Kahneman & Tversky, 1981), and this

research inherently involves measures of gains and losses, or rewards and punishments. The

risk-taking literature has incorporated the manipulation of reward and punishment as they are



2ffi



50

viewed as central to understanding human decision making, including an understanding of

how rewards and punishments are processed in the brain (Krawczyk, 2002). Studies

examining the role of the prefrontal cortex indicate its involvement in motivational

behaviour, affect and reward processing (Rolls, 1999; Cavada, Company, Tejedor, Cruz-

Rizzolo & Reinoso-Suarez, 2000; Hikosaka & Watanabe, 2000).

ImpulsivUy

Appropriate response selection involves the active inhibition of the allocation of

resources to irrelevant information and processes (Thayer & Lane, 2000). Impulsivity has

been defined as a multidimensional concept that incorporates failure of response inhibition,

rapid processing of information, novelty seeking and the inability to delay gratification

(Barratt, 1985, 1994). It is a central feature ofmany diagnoses including psychopathy,

attention deficit hyperactivity disorder, frontal lobe damage and antisocial personahty

disorders (Horn, Dolan, Elliott, Deakin & Woodruff, 2003; American Psychiatric

Association, 1994). The multidimensional construct of impulsivity has also been correlated

with hypersensitivity to reward (Rodriguez-Fomells, Lorenzo-Seva & Andres-Pueyo, 2002).

In addition, difficulties with impulse control and inability to delay gratification have been

associated with criminal and psychopathic behaviour (Luengo, Carrillo-de-la-Pena, Otero and

Romero, 1994), the latter being associated with a hyposensitivity to punishment (Newman,

1987; Hare, 1978; Lykken, 1957).

The ability to inhibit prepotent or ongoing actions is a critical control mechanism for

efficient responses to sudden changes in the environment (de Jong, Coles, Gratton & Logan,

1990; Rodriguez-Fomells et al, 2002). A deficit in capacity for inhibition or lack of

response modulation results in impulsive behaviours that diminish successful adaptation to
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changing environmental contingencies. Failures in inhibition can occur at the level of early

sensory input and motor control, as well as disinhibition of higher-level cognitive processes.

Patton, Stanford and Barratt (1995) identify three factors of impulsivity: motor (acting

without thinking), cognitive (making quick decisions), and ftiture-planning (lack of concern

about the future). It is important to note although impulsivity has been defined by some

investigators (Barratt, 1985, 1994; Torrubia, et al., 2001) as involving affective aspects such

as an inability to delay gratification, novelty seeking and reward sensitivity, for the present

purposes, a narrower definition will be used involving the predominantly cognitive aspects of

impulsivity with a focus on difficulty in response inhibition.

Attentional Abilities & Planning Skills

Attention is a term used to refer to a diverse set of overt behavioural and covert

cognitive phenomena; attention is not a unitary process but rather involves a complex array

of processes involved in the reduction and selection of information and in behavioural

response control (Tannock, 2002). Attention includes processes that operate to provide self-

regulation of sensory input and motor output in the service of internal goals (Posner &

Rothbart, 1998). Attentional processes have been described in varying terms, and they

include the following: selective attention (the ability to attend to relevant stimuh and ignore

irrelevant stimuli), executive attention (the control of cognitive processes in general), and

sustained attention (the control of attention allocation over time) (Tannock, 2002).

Behavioural conceptions of attention are typically defined in terms of overt action, such as

the visual fixation to task-relevant stimuli, whether a designated spatial location (e.g., a

blackboard), person (e.g., a teacher) or an event (e.g., the onset of stimulus) (Tannock, 2002).

Attention may have moderating effects on risk-taking behaviours (Losel & Schmucker,
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2004). A greater ability to maintain sustained attention during decision making processes

may result in a decrease in the amount and/or severity of risk-taking, sensation seeking and

impulsive behaviours, and an increase in the ability to engage in planning of future responses

to changing environmental contingencies. Individual variations in attentional abilities likely

partially account for the degree to which impulsive behaviours are displayed, as impulsivity

is thought to stem in part from a lack of planning and response modulation.

The ability to plan is also critical to successful decision making and complex

response modulation, and varying levels of proficiency in planning abilities are also likely to

moderate levels of impulsivity. Planning abilities have been correlated with activation in the

DLPFC; planning tasks such as the Tower of Lxjndon have been widely used to assess the

ability to plan and have consistently been associated with the integrity of the DLPFC region

(Watkins, Rogers, Lawrence, Sahakian, Rosser & Robbins, 2000; Rowe, Owen, Johnsrude &

Passingham, 2001; van den Heuvel et al., 2005; Cazalis et al, 2003).

The Present Investigation

The prefrontal cortex has been implicated in all of the behavioural characteristics

discussed previously, from risk-taking and sensation seeking behaviour to sensitivity to

reward and impulsive behaviour (Spear, 2000 a, b; Kolb & Whishaw, 1996; Irwin et al, 1991;

Duncan et al., 1999). Consequently, the present investigation focuses on a

neurophysiological model of the characteristics of risk-taking and associated perceived

outcomes, sensation seeking, sensitivity to reward and punishment, impulsivity, attentional

ability and planning skills. These self-reported characteristics were examined in relation to
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the more experimental and clinical measures previously investigated in the preceding

chapter.

Risk taking, sensation seeking and sensitivity to reward and punishment were

hypothesized to be sensitive to OFC function as they require affective or emotion-related

decision making. In the present investigation, they were also expected to correlate with

performance on experimental tasks thought to reflect OFC function, rather than those

reflecting DLPFC function. While risk-taking, sensation seeking and sensitivity to reward

and punishment may be seen as affectively based characteristics, impulsivity, attentional and

planning abilities may be viewed as more non-affectively based characteristics and were

subsequently expected to correlate with tasks reflecting DLPFC functions.

Risk-taking attitudes, behaviour and outcome expectancies were measured using the

C.A.R.E. risk-taking questionnaire. Levels of associated sensation seeking were examined

using Zuckerman's sensation seeking scale, and a measure of inhibitory control was collected

using the Barratt Impulsivity Scale. The Sensitivity to Reward and Sensitivity to Punishment

questionnaire was used to obtain a measure of individual sensitivity to rewarding and

aversive reinforcers. The CAARS scale was utilized as a measure of attentional ability, and

the BAFQ planning subscale provided a measure of planning ability.

General Predictions

Risk-taking behaviours and sensation-seeking desires were hypothesized to correlate

positively with one another as they have traditionally been thought of as having overlapping

properties. Furthermore, participation in risk-taking behaviours should be in part due to the

pursuit of sensation-seeking experiences and an increased focus on rewards rather than on

punishments (for example, feelings of euphoria after drug administration or a dangerous
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adventure). Conversely, risk-taking and sensation-seeking were predicted to negatively

correlate with punishment sensitivity, as the potential negative outcomes would likely be of

less importance to those individuals who frequently engage in these types of behaviours.

These individuals may be less aware of, or discount the potential negative outcomes, and

therefore would be less likely to modify their behaviour based on knowledge of these

potential negative consequences.

Attentional and planning abilities were expected to correlate positively with each

other, and to be inversely related to impulsivity. Irnpulsive behaviour may be characterized

as a lack of attention to environmental contingencies and to what should be cautionary cues,

as well as "acting without thinking", i.e., a lack of planning. Finally, participation in risk-

taking behaviour was hypothesized to correlate positively with perceived positive outcomes

(as a result of engaging in these risky behaviours), as it was expected that benefits fi-om

participation would represent a primary motivator for pursuing risky activities. In contrast,

risk-taking behaviour was hypothesized to correlate negatively with perceived negative

outcomes, indicating that individuals who participate in risky activities would be more likely

to have a lack of appreciation for the negative outcomes resulting from these types of

behaviours and/or to minimize the effect these negative outcomes may have.

Risk-taking, sensation seeking and sensitivity to reward and punishment were

hypothesized to correlate with measures reflecting executive processing of affective

orientation (OFC related). Risk-taking and sensation seeking both involve the pursuit of r

reward, which requires the ability to learn and process stimulus reinforcement associations;

the OFC is specialized for the processing of emotional information and the establishment of

stimulus reinforcement associations in an environment that is continuously evolving.
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Attentional and planning abilities were hypothesized to correlate with measures that

reflect DLPFC activation because they involve cognitive, non-affective processes and

because individuals with OFC damage perform typically on planning measures (Shallice,

1982; Shallice & Burgess, 1991). Furthermore, impulsivity as measured here (failure of

response inhibition, rapid processing of information and subsequent "acting witiiout

thinking") was hypothesized as not having an affective component. Consequently,

impulsivity was also hypothesized to relate to executive processing of a cognitive orientation

(DLPFC related).

To summarize, measures hypothesized to be sensitive to affective executive processes

were the following self-report measures: risk-taking, sensation seeking and sensitivity to

reward and punishment scales. Measures hypothesized to be sensitive to cognitive (non-

affective) executive processes were inattention, planning skills and impulsivity subscales.

The self-report measures of risky and sensation driven behaviours were then hypothesized to

correlate with more experimental and clinical behavioural measures thought sensitive to

similar aspects of executive fiinctioning, namely the OFC-related measures of the

Intradimensional Shift, Object Alternation and Newman tasks. The self-report measures of

attentional and planning abilities were assumed to correlate with the more experimental and

clinical DLPFC measures of Monsell, Extradimensional Shift, Trail-Making Part B, as well

as the D-KEFS Inhibition subscales (see Tables 6 and 7). The Iowa Gambling task, although

originally hypothesized as sensitive to OFC ftinction, is now viewed as ambiguous because

previous analyses indicated that it loaded on factors assumed to index both OFC and DLPFC

regions.
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Lastly, Newman and colleagues proposed a relationship between a reduction in the

amount of time spent reflecting on negative environmental feedback and deficits in response

modulation. Consequently, the present investigation examined whether this relationship

would generalize from a clinical population diagnosed with psychopathy to individual

differences in risk-taking, sensation seeking and sensitivity to reward. Thus, individuals who

engage in a high level of risk-taking, sensation seeking and reward sensitive behaviours were

hypothesized to pay less attention to negative environmental feedback. This hypothesized

reduced reflection on negative feedback was also expected to decrease the opportunity for

evaluative and adaptive measures, which in turn, increases the likelihood of executive

dysfunction.

Hypotheses

(1) Risk-taking, sensation seeking and sensitivity to reward will positively correlate with one

another.

(2) Risk-taking and sensation seeking will be negatively correlated with sensitivity to

punishment.

(3) Attentional and planning abilities will be positively correlated with each other and

inversely related to impulsivity.

(4) Risk-taking will be positively correlated with perceived positive outcomes, and

negatively correlated with perceived negative outcomes.

(5) Personality measures of risk-taking, sensation seeking and sensitivity to reward and

punishment will load highly on a single affectively oriented factor, and attentional ability,

planning skills and impulsivity will load highly on a single separate cognitively oriented

factor.



::ir^n::A



57

(6)(a) Measures thought to index orbitofrontal function and associated affective executive

processes (Object Alternation, Intradimensional shift tasks and the Newman task) should

load highly on factors with hypothesized OFC-sensitive self-report personality measures of

risk-taking, sensation seeking and sensitivity to reward. The Iowa Gambling task was

included in the factor analyses with the a priori hypothesis that this task may relate to both

measures thought to index the OFC region, and those thought sensitive to the DLPFC region,

(b) Measures thought sensitive to dorsolateral function and associated cognitive executive

processes (Monsell task, the D-KEFS subscales, Trail-Making Task: Part B, and

Extradimensional shift task) should load on factors with hypothesized DLPFC-sensitive self-

report personality measures of inattention, impulsivity and lack of planning skills. The Iowa

Gambling task may also be included to some extent with these factors given the results

reported earlier. However, for theoretical reasons we would expect it to group with those

described in 6(a).

(7) Youth high in risk-taking, sensation-seeking and sensitivity to reward, as compared to

those low risk-taking, sensation-seeking and reward sensitivity controls will pay less

attention to negative feedback.

Method

Recruitment & Participants

Please refer to Chapter Two.

Procedure

Participants came into the Brock Neuropsychology Lab and commenced their session

with a briefing of the experimental procedures and the obtainment of consent from the
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participant. The session involved the administration of the questionnaire booklet in which

participants were asked to complete a series of self-report questionnaires designed to assess

behaviour, mood and personality (see Appendices K-Q). The questionnaires included the

following: (1) Barratt Impulsivity scale (Appendix K), (2) Sensation seeking scale (Appendix

L), (3) Sensitivity to reward and punishment questionnaire (Appendix M), (4) Brock

Adaptive Functioning Questionnaire (See Appendix N), (5) CAARS Self-Report scale (See

Appendix O), (6) Adolescent risk-taking questionnaire (Appendix P), and a (7) Health

Questionnaire (see Appendix Q). A summary of the self-report measures used is presented in

Table 6. The session, as noted in the previous chapter, also included four computer tasks (the

Newman task, the Iowa Gambling task, the Intra/Extradimensional Shift task and finally the

Monsell Switching task) and three noncomputer-based tasks (the Object Alternation task, the

Trail-Making Tests Part A and Part B, and the Delis-Kaplan Executive Function Colour-

Word Interference Subscales).

Self-Report Measures

Barratt Impulsivity scale (Patton, Stanford & Barratt, 1995). This is a 30-item scale

designed to measure three factors of impulsivity: motor (acting without thinking), cognitive

(making quick decisions), and future-planning (lack of concern about the fliture). The scale

consists of statements such as "I do things without thinking", "I am a careful thinker" and "I

act on the spur of the moment". Participants are asked to indicate by circling a number

(ranging from 1 - Rarely/Never to 4 = Almost always) the extent to which they may act and

think impulsively. All three subscales (Motor, Cognitive and Future-Planning Impulsivity)

of the questionnaire, which includes all 30 items in the questionnaire, were summed to create

a total score of impulsive behaviour.
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Zuckerman 's Sensation seeking scale (Zuckerman, Eysenck & Eysenck, 1978). This

is a 40-item scale designed to measure four factors of sensation seeking: Thrill and

Adventure Seeking, Experience Seeking, Disinhibition, and Boredom Susceptibility.

Participants are asked to indicate by circling 'True' or 'False' whether a given statement

accurately describes them. This scale was used to obtain a measure of sensation-seeking

behaviour by summing the scores of all 40 items and all four factors of sensation-seeking

(Thrill and Adventure Seeking, Experience Seeking, Disinhibition, and Boredom

Susceptibility) on the questionnaire.

Cognitive Appraisal ofRisky Events (C.A.R.E.) Questionnaire {^\QgQ\ cidX., 1994;

Fromme, Katz & Rivet, 1997). This is a 3-part survey assessing 5 types of risk-taking

behaviors: aggressive and illegal behaviors, risky sexual activities, heavy drinking, illicit

drug use, high risk sports. The first part of the questionnaire assesses the frequency in which

individuals have engaged in 30 risk behaviors over the past 6 months (ranging from 1 =

Never to 5 = 10 or more times). The second and third parts of the survey ask individuals to

rate the likelihood that a positive or negative outcome will occur after engaging in these

activities (ranging from 1 = Not at all likely to 7 = Extremely likely). The scoring is the sum

of responses to the 25 items.

Part II of the C.A.R.E. questionnaire was used to obtain a measure of the participant's

beliefs about the positive and negative outcome expectancies that might occur as a result of

engaging in the risky behaviours that were asked of them in the first part of the C.A.R.E.

questionnaire. The participants were asked to score both the positive and the negative

outcome expectancies for each of the 25 risky behaviours from Part I of the C.A.R.E.

questionnaire. Two scores, one for the positive and one for the negative outcome
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expectancies, were calculated by summing the 25 scores from the questionnaire items for the

positive and then for the negative outcome expectancies.

Sensitivity to reward andpunishment questionnaire (Torrubia, Avila, Molto, &

Caseras, 2001). In large part in response to Gray's model of personality (1981, 1982),

Torrubia and colleagues developed a questionnaire to reflect sensitivity to reward and

sensitivity to punishment. The sensitivity to reward scale was created to assess differences in

the impulsivity dimension associated with Gray's description of the Behavioural Activation

System (BAS) (Mutaner & Torrubia, 1985), and the sensitivity to punishment scale was

created to assess individual differences in the activity of the Behavioural Inhibition System

(BIS) and habitual behaviours in response to cues of punishment, fioistrative non-reward and

novel stimuli. This is a 48-item questionnaire designed to assess worrying about threats of

punishment or failure, behavioral inhibition, impulsivity, and the extent to which individuals

engage in particular behaviours to obtain rewards. Participants are asked to indicate by

circling 'Yes' or 'No' whether a given statement accurately describes them. The Sensitivity

to Punishment and Sensitivity to Reward questionnaire was used to gain a measure of reward

and punishment sensitivity. Two scores were calculated by summing all of the 24 items that

correlate with sensitivity to punishment, and then summing all 24 items that correlate with

sensitivity to reward. Cronbach's alpha for sensitivity to punishment is .83 and .82 for male

and females, respectively, and for sensitivity to reward, values are .78 and .75 for males and

females, respectively (Torrubia et al, 2001).

Connor 's AdultADHD Rating Scale (CAARS) (Conners, Erhardt & Sparrow, 1999).

This scale provides a multimodal assessment of behaviours associated with ADHD in adults

aged 18 years and older. The CAARS long version of the self-report form (CAARS-S-L) has
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66 items and contains 9 subscales: there are 4 factor-derived scales that assess a cross section

of ADHD-related behaviours, 3 DSM-IV Symptoms measures (Inattentive Symptoms,

Hyperactive-Impulsive Symptoms & Total ADHD Symptoms), and a 12 item ADHD index

that identifies respondents who might benefit from a more detailed clinical assessment. The

only subscale used in this study was the DSM-IV Inattentive Symptoms: this subscale was

utilized to obtain a measure of inattentiveness, which was hypothesized to be related to

DLPFC function. This inattention scale included scores from 9 items on the questionnaire

thought to index inattention; these items were then summed to create an inattention score.

Brock Adaptive Functioning Questionnaire (BAFQ): Planning Skills Subscale

(Dywan & Segalowitz, 1996). This questionnaire was utilized to obtain a measure of the

respondent's subjective planning ability. Seven items from the Planning subscale were

combined to create an index of planning skills that was hypothesized to be sensitive to

DLPFC fiinction.

Results

Data Screening & Distributions

Please refer to Ch^ter Two.

Statistical Analyses

Descriptive Statistics and Intercorrelations. Descriptive statistics were calculated for

all variables utilized in this study. The mean scores, standard deviations, minimum and

maximum values and sample size for each of the variables are listed in Table 4. A ^

correlational analysis was conducted based on the participant's responses on the following

self-report measures. Zero-order correlations among the self-report variables are presented in

Table 8. Risk-taking (RT), sensation-seeking (SS) and impulsivity (I) were significantly
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intercorrelated, RT and SS: r (41) = .540,p <.001; RT and I: r (41) = .501,p = .001; SS and

I: r (40) = .459, p = .003. Risk-taking and reward sensitivity were significantly correlated, r

(43) = .574,p< .001, as were sensation-seeking and reward sensitivity, r (42) = .411,p =

.001, and impulsivity and reward sensitivity, r (42) = .524,p- >.001. Punishment sensitivity

was not related to either risk-taking, r (41) - -.056, p - .724, sensation-seeking, r (40) = -

.01 8, /? = .913, impulsivity, r (40) = -.045, p = .780 or reward sensitivity, r (42) = .044, p =

.778.

Lastly, inattention was significantly correlated with impulsivity, r (40) = .115,p =

<.001 , and planning skills, r (42) = -.708, p = <.001 . As predicted, risk-taking behaviour

was positively correlated with perceived positive outcomes, r (41) = .383,/? = .012, but was

not, contrary to prediction, correlated with perceived negative outcomes, r (40) = -.071,/? =

.658.

OFC vs. DLPFC Sensitive Self-report Measures. To examine the hypotheses that risk-

taking, sensation seeking and sensitivity to reward and punishment may be classified as

behaviours that correlate with OFC emotional related processing, and attentional ability,

planning skills and impulsivity may be classified as behaviours that correlate with DLPFC

cognitive related processing, an exploratory principal component factor analysis was again

conducted. Results are presented in Table 9. The factor analysis converged in 3 iterations

and produced 2 separate factors; the minimum value for significant loading was 0.5. Factor 1

included impulsivity (.710), sensitivity to punishment (.510), attentional ability (.892) and

planning skills (-.891), and accounted for 33.9% of the variance. Factor 2 included sensation

seeking (.777), risk-taking (.806) and sensitivity to reward (.772), and accounted for 30.4%

of the variance. This analysis almost completely supports the hypotheses surrounding the
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classification of personality characteristics based on their affective or cognitive, executive

orientation. Attentional ability and planning skills hypothesized to correlate with cognitive

processing and associated DLPFC function did load together; however, sensitivity to

punishment which was hypothesized to correlate with affective processing and OFC function,

loaded on Factor One along with the DLPFC associated behaviours. We note, however, that

sensitivity to punishment displayed the weakest factor loading in Factor 1 , which suggests

that it may be a poor measure (although not due to poor reliability as its Cronbach's alpha is

in the .8 range), or the situation is more complex than previously thought. Factor 2 supported

the hypothesis that risk-taking (.806), sensation seeking (.777) and sensitivity to reward

(.772) are correlated, based on the categorization of executive behaviours requiring the

processingof affective information. • ..:;!

Combined Self-report, Experimental and Clinical Neuropsychological Measures. To

examine hypotheses that a model of prefrontal specificity and associated executive functions

could be used to understand both self-report and more experimental and clinical measures, an

exploratory principal component factor analysis was again performed using all of the

hypothesized OFC and DLPFC sensitive measures, in effect all of the measures used in this

study. Table 10 presents the results. Seven total factors were extracted, utilizing 0.5 as a

minimum value for significant loading. Factor 1 included DLPFC-related measures:

impulsivity (.824), inattention (.905), planning skills (-.860), and the extradimensional shift

(.580), and accounted for 18.7% of the variance. Factor 2 primarily included measures

hypothesized as OFC-related: sensation-seeking (.636), sensitivity to reward (.806), risk-

taking (.688), the inhibition-switching subscale (-.524), and the gambling task (-.728), and

accounted for 16.6% of the variance. Factor 3 included DLPFC-related measures: the
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inhibition scale (.775) and the Monsell task (-.878), and accounted for 10.7% of the variance.

Factor 4 included OFC-related measures: the intradimensional shift (.829) and the Object

Alternation task (-.760), and accounted for 10.1% of the variance. Factor Five consisted only

of the Newman task (.918), and accounted for 9.4% of the variance. Factor Six had only the

Trails B task (.932), and accounted for 7.6% of the variance. Lastly, Factor 7 consisted of

only the sensitivity to punishment (.936), and accounted for 7.4% of the variance.

Consequently, Factors 5, 6 and 7 remain unclassified.

Attention to Performance Feedback. In order to test the hypothesis that youth high in

risk-taking, sensation seeking and sensitivity to reward would pay less attention to negative

feedback on the Newman task, correlational analyses were again utilized. Levels of self-

reported risk-taking, sensation seeking and sensitivity to reward were not related to the

amount of time participants spent attending to negative performance feedback, r (37) = .103,

/J = .538. Furthermore, these self-report measures were also not related to the amount of time

spent attending to positive feedback, r (41) = -.012, p = .939.

Post-hoc Analyses. In order to disambiguate factor 2 which included self-report,

experimental and clinical tasks assumed sensitive to both OFC and DLPFC function, a

correlational analysis was conducted. From the first factor analysis with the behavioural

measures (in chapter 2; see Table 5), a sum of the factor scores from the two OFC factors and

a sum from the three DLPFC factors were correlated with the two factors from the self-report

factor analysis. The first self-report factor (including attention, planning and inhibitory

ability) as predicted, correlated significantly with the DLPFC behavioural composite, r =

.385, p = .02 (one-tailed), while the second factor (including risk-taking, sensation seeking,

and sensitivity to reward), correlated with the OFC behavioural composite factor, r = .325, p
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= .043 (one-tailed). The better the performance on the behavioural functions associated with

the DLPFC, the higher the self-ratings on attention, planning and inhibitory ability. The

lower the performance on the OFC-related behavioural measures, the greater the self-

reported risk-taking, sensation seeking and sensitivity to reward. However, higher

performances on the OFC-related tasks were associated with both higher and lower scores on

the risk-taking-related self-report measures.

Discussion

The purpose of this section of the study was to examine the relationships between

self-reported behavioural characteristics, as well as to investigate whether self-report

measures of risk-taking and attentional abilities and their associated characteristics could also

be understood utilizing a neuroscience model of prefrontal regional specificity. Additionally,

we were interested in whether self-report measures of risk-taking and associated

characteristics of sensation seeking, sensitivity to reward and punishment correlated more

strongly with more experimental and clinical measures thought sensitive to OFC function,

rather than DLPFC function. In contrast, self-report measures of attentional abilities and

associated characteristics of planning and lack of impulsivity were expected to correlate more

strongly with more experimental and clinical measures thought sensitive to DLPFC function.

Self-report characteristics

The self-report measures used in this study were highly correlated with one another in

a similar manner found previously in the literature. Participants who reported a high degree

of sensation-seeking were more likely to display a high level of impulsive behaviour, and

those who reported high levels of risk-taking were more likely to exhibit high levels of both
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sensation-seeking and impulsive behaviour. Furthermore, there was support for the

hypothesis that individuals high in risk-taking, sensation-seeking and impulsivity are also

high in reward sensitivity; however, there was no support for the hypothesis that those

individuals high in risk-taking, sensation-seeking and impulsivity were low in punishment

sensitivity. Importantly, sensitivity to punishment was not related to risk-taking, sensation

seeking or sensitivity to reward. In addition, there was support for the hypothesis that

individuals who indicated high levels of impulsivity also reported high levels of

inattentiveness and a low level of planning skills. There was also support for the hypothesis

that individuals who displayed high levels of inattention are more likely to display a lack of

planning skills.

Finally, the predicted positive correlation between risk-taking behaviour and

perceived positive outcomes was confirmed; high levels of risk-taking behaviour was

associated with high levels of perceived positive outcomes as a result of engaging in these

risky behaviours. In contrast, the predicted relationship between low levels of risk-taking

behaviour and high levels of perceived negative outcomes was not found. Importantly,

perceived negative outcomes were not related to risk-taking behaviours.

Risk-taking andperceived outcomes, sensation seeking, and sensitivity to reward and

punishment. Age-related neural changes have been proposed to correlate with concurrent

increases in risky behaviours involving drug experimentation, use and abuse (Zuckerman,

1987; Laviola, MacriMorley-Fletcher & Adriani, 2003). Age-related increases in dopamine,

a neurotransmitter associated with feelings of pleasure and reward processes (Krawczyk,

2002; Ebstein et al., 1996; Benjamin et al, 19%; Andrucci, Archer, Pancoast & Gordan,

1989) may provide further explanation for the general increase in the range of scores evident
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in young adulthood in risk-taking and sensation-seeking behaviours as well as associated

reward sensitivity, and the resulting relationships between these behavioural characteristics

found in the present investigation. In addition, sensation seeking has been correlated with a

general sensitivity to reinforcement that may be associated with catecholaminergic and

associated enzyme levels (Zuckerman, 1983, 1984; Zuckerman, Buchsbaum & Murphy,

1980). A large body of literature exists surrounding the link between age-related changes in

prefrontal cortex and what is believed to be associated age-related increases in the

willingness to take risks and to actively search for sensations. In sum, neurophysiological

changes during adolescence are likely to partially account for the increases repeatedly found

between risk-taking, sensation seeking and sensitivity to reward during this period.

Previous literature (Amett, 1994; Zuckerman et al., 1978) reports that sensation

seeking tends to be higher in adolescence and it contributes to the concurrent increase in risk-

taking behaviours; it has been suggested that sensation seeking forms a part of the

developmental basis of risk-taking behaviour. The relationship between sensation-driven

behaviour and risk has been demonstrated by Zuckerman (1979) who reported that

individuals high in sensation seeking were more likely to engage in behaviour that most

individuals appraise as moderately risky (e.g., sensory deprivation and drug administration),

and to engage in arousing and sensory stimulating activities such as sexual activity, alcohol

consumption and smoking. Similarly, risk takers have been reportedly higher in sensation

seeking than peers from the same population (Horvath & Zuckerman, 1993). The present

investigation confirms previous findings as strong and positive correlations were evident

between risk-taking and sensation seeking behaviour.
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Theories of risk-taking and sensation seeking report; an oversensitivity to reinforcing

events and a failure to learn from aversive events (Lane & Cherek; 2000; Rachlin, et al,

1986; Patterson & Newman, 1993; Bechara et al., 1994, 1997). Previous literature has

suggested that risk-taking and sensation seeking behaviours are associated with a failure to

adapt behaviour based on negative environmental feedback (Patterson & Newman, 1993).

Literature on risk perceptions and risk appraisal have reported contradictory findings; while

some suggest that an increase in risk-taking is associated with the perception of greater

benefits and fewer risks (Hampson et al., 2001), others suggest that an increase in risk-taking

is not correlated with a hyposensitivity to punishments (Leland & Paulus, 2005). Similarly,

Johnson, McCaul and Klein (2002) report that although adolescents know about the

connections between many risk behaviours and negative outcomes, adolescents who engage

in risky behaviours do not have a complete appreciation of their exposure to harm.

Sensitivity to reward was highly correlated with behavioural measures of sensation

seeking and risk-taking; however, sensitivity to punishment was unrelated to all variables

examined in this investigation. This finding would therefore seem to support literature that

reports separate neural substrates for the processing of reward and punishment, possibly

within the OFC (Elliott et al., 2000; ODoherty, Kringelbach, Rolls, Homack & Andrews,

2001; Small et al., 2001); there is evidence to suggest that the medial and lateral orbitofrontal

cortex are differentially activated by reward and punishment, respectively.

The present study replicated previous findings of a relationship between risk-taking

and perceived positive outcomes, sensation seeking and sensitivity to reward; however,

contrary to some previous conclusions, there was no relationship between risk-taking and

punishment sensitivity or perceived negative outcomes. Individuals who engaged in high
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levels of risk-taking and those who engaged in low levels of risk-taking, did not seem to take

either negative outcomes or punishments into consideration when making choices about risky

behaviours, nor discount them. This finding could be interpreted in different ways; high

levels of risk-taking associated with high levels of perceived positive outcomes indicates that

individuals who engage in risky behaviour associate this type of behaviour with rewarding

properties and outcomes. In addition, the absence of a relationship between risk-taking and

negative outcomes may represent either a lack of awareness of the potential negative

consequences and/or a minimization of the effect that negative outcomes may have on the

individual personally. Additionally, as Beyth-Marom and colleagues (1993) suggest, it is • :'

important to not assume a symmetrical relationship between the perceived consequences of

accepting a risky option and actual engagement in risk-taking behaviour. The authors add

that it is also important to consider the relationship between perceived outcomes and

decisions not to take risks. Consequently, it would be interesting to have a better

understanding ofhow adolescents who engage in a high level of risk-taking and sensation

seeking behaviours and who are hypersensitive to reward would perceive potential outcomes

of not engaging in these behaviours (in comparison to those low in risk-taking, sensation

seeking and sensitivity to reward).

Intervention programs designed to prevent or reduce risk-taking behaviour might

benefit from a multifaceted approach to persuasion about risk, as the lack of relationship

between risk-taking and negative outcomes found in the current investigation indicates that

education about the negative consequences of engaging in risky behaviours may not be

particularly effective in reducing or preventing risk-taking behaviour. Similarly, education

and intervention may be increasingly effective if they addressed the issue of novelty and
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excitement value. By addressing how the need for arousing, novel, and varied stimuli leads

to the pursuit of risk-taking and sensation seeking, one might be able to heighten attention to

the negative outcomes of engaging in risky behaviours and provide alternative strategies for

dealing with risky contexts (Donohew et al., 2000).

Inhibitory Control . . , - ' '•^, ; . !. i •
, ,: .i;, ;

Impulsivity was hypothesized to correlate with the DLPFC-related characteristics,

namely attentional ability and planning skills as it was hypothesized to be associated with

non-affective, predominantly cognitive processes, and predictions were confirmed with both

correlational analyses. Impulsivity can be viewed as inappropriate response modulation, and

this inability to effectively attend and respond to changing environmental contingencies is

not likely to involve the attentional and planning skills necessary for appropriate response

modulation. However, it is important to note that impulsivity was also related to OFC-

related measures, likely because impulsivity may be seen as a factor that contributes to

behaviours such as risk-taking and sensation seeking. For example, engagement in risk-

taking or sensation seeking activities may partially result from "acting without thinking", and

this lack of cognitive processing is strongly associated with impulsivity, and a lack of u

attentional and planning skills. Deficiencies in response inhibition are often cited as a

characteristic component of risk-taking and sensation seeking behaviour (Gray, 1987; <

Byrnes, 1998; Newman, Kosson & Patterson, 1992). Models of sensation seeking proposed

by Zuckerman (1994) and Eysenck and Eysenck (1978) indicate that the constructs of

sensation seeking and impulsivity overlap considerably, and findings in the present

investigation support those models. Furthermore, Jack and Ronan (1998) suggest that

individuals high in both sensation seeking and impulsivity might experience a cumulative
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effect in which they are more Ukely than individuals who are high only in either sensation

seeking or impulsivity to engage in risk-taking behaviours that may result in adverse

outcomes.

Buss and Plomin (1975) and Eysenck and Eysenck (1977) considered impulsivity to

be a multifaceted trait and Eysenck and Eysenck (1978) have described impulsivity as a

construct different from but related to risk-taking and sensation seeking characteristics with

correlations between both traits ranging between 0.30 and 0.40. The authors proposed that

the difference between impulsivity and risk-taking and sensation-seeking behaviours was that

risk-taking subjects were aware of the risks involved in their actions, but were still prepared

to take risks. Conversely, impulsivity was associated with a lack of awareness in and

assessment of the potential negative outcomes of risky behaviours. This theoretical position

is somewhat contradictory to earlier suggestions that impulsivity may represent a

contributing factor to risk-taking or sensation seeking activities. However, Eysenck and

Eysenck 's (1978) conclusion that risk-taking necessarily involved the assessment of risk may

not accurately represent all circumstances in which risky behaviour occurs. There is also

evidence to suggest that other factors may contribute to the likelihood of participation in risk-

taking behaviours such as current mood state (e.g., positive versus negative mood states),

which may have an impact on neural activity and choice of processing strategies adopted in

decision making (Yuen & Lee, 2002; Drevets & Raichle, 1998). In the case of an individual

who is in a positive mood, more favorable assumptions and expectations about the

environment and related people are reported to be generated. Based on this evidence, it

might be possible to suggest that dependent upon mood state (like for example, extreme

distress), individuals may act impulsively and partake in risky behaviour that they otherwise
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would not engage in. Conversely, Yuen and Lee (2002) have found that individuals in a

depressed mood state exhibit a lower willingness to take risks than individuals in a neutral or

positive mood state. Despite significant overlapping properties found in risk-taking,

sensation seeking and impulsive behaviour, it is clear that these behavioural characteristics

represent distinct constructs.

In the clinical context, impulsivity has been extensively associated with personality

disorders such as antisocial and borderline disorders, psychopathy, attention deficit disorder

and the personality characteristics associated with frontal lobe damage. Due to the

multifaceted nature of the current concept of impulsivity, it would be useful for future

investigations to examine the multiple components or types of impulsivity (for example,

motor and cognitive impulsivity), and to subsequently investigate the relationships between

type of impulsivity and the behavioural profile or diagnosis of interest. A parsing of the

impulsivity construct into its constituent parts and testing each of them individually may

provide a more thorough understanding of a behaviour that is so closely associated with so

many different clinical diagnoses and personaUty characteristics.

Attentional and Planning Abilities

Inattention and lack of planning skills are also important variables to consider in relation

to risk-taking, sensation seeking and reward sensitivity. The present investigation found

positive correlations between risk-taking, sensation seeking, sensitivity to reward, inattention

and lack of planning skills. The inability to maintain attention has an effect on all aspects of

an individual's decision making; it would be important for future investigations to control for

attentional abilities before examining an individual's decision making skills and the

subsequent risky or sensation driven behaviours they engage in. Ball, Carroll and
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Rounsaville (1994) reported that individuals who displayed high levels of sensation seeking

were more likely to self-report a lifetime and familial history of attention deficit disorder.

Furthermore, it appears logical that an individual who lacks attentional skills is also likely to

lack planning skills as attention could be considered as a necessary prerequisite to complex

planning and associated decision making processes. The relationship found between

inattention and risk-taking, sensation seeking and sensitivity to reward is interesting,

particularly in attempting to understand the motivations behind these behaviours. Based on

these findings, it could be suggested that inattention to the complexities of environmental

contingencies and a lack of planning skills necessary for effective decision making may

partially explain why some individuals engage in risk-taking, sensation seeking and the

pursuit of reward.

Attention to Performance Feedback

With respect to hypotheses regarding attention to feedback, there was no relationship

found between levels of risk-taking, sensation seeking and sensitivity to reward, and the

amount of time spent attending to performance feedback on the Newman task. A possible

explanation for this finding might include the suggestion by Clark, Cools and Robbins,

(2004) that there is a distinction between the ability to process and experience reward and

punishment and the ability to use the experiences to guide future behaviour. The authors

state that individuals with ventromedial PFC damage have been reported to experience

reward and punishment in a typical fashion, whereas insult to the amygdala results in blunted

emotional responses in the initial processing stage. Measures of the sensitivity to reward and

punishment may relate more strongly to the ability to process and experience these

affectively oriented constructs, whereas the Newman task may relate more to the ability to
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utilize experiences with reward and punishment to guide future behaviour as it measures the

amount of time an individual spends attending to rewarding and punishing feedback, and task

performance thereafter. Furthermore, the finding that the Newman task did not group with

other hypothesized OFC sensitive measures may also be due in part to differences in

individual information processing speeds; the dependent measure of performance feedback

reflection time may not be indicative of the ultimately crucial ability to incorporate feedback

into future behavioural responses. Perhaps executive fiinctioning relies less on how much

time an individual spends reflecting upon negative feedback, and more upon whether or not

behavioural adaptation occurs as a result of incorporating the feedback into response

modulation. This task also appeared, in retrospect, to involve executive components

associated with both OFC and DLPFC function. The presence of stimulus-reward

associations might indicate that this task involves OFC functioning; however, it also requires

sustained attentional, working memory and inhibitory processes, potentially in excess of that

required by the other tasks utilized in this study. Participants were asked to remember a total

of 8 letters to accurately respond to in a quick paced (1-3 second) stimulus presentation.

Anecdotally, participants often utilized the maximum 5 second interval in which the feedback

is on the screen to rehearse the letters to which they were to respond and/or to create words

from the letters in an effort to aid recall. Perhaps the cumulative effect of the above factors

contributed to the lack of relationships amongst this measure and the remaining measures

used in this study. Future investigations of the attention to positive and negative feedback

would benefit from the minimization of extraneous factors, such as working memory

components, during the time in which the participant is to focus solely on the feedback being

presented.
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Combined Self-report, Experimental and Clinical Measures

The exploratory factor analysis involving self-report, experimental and clinical

measures partially supported the dissociation ofOFC and DLPFC sensitive measures. Seven

total factors were extracted. Factors 1 and 3 involved tasks thought to relate to DLPFC

fiinction, factor 4 involved OFC-related tasks, and factor 2 was ambiguous. Factors 5, 6 and

7 remained unclassified. Factor 4 (Intradimensional shifts and the Object Alternation task)

supported a priori expectations as both the Intradimensional shifting abilities and the Object

Alternation task have been strongly and repeatedly associated with the fiinction of the OFC

(for example, Spinella, 2002; Roberts et al., 1988). The risk-taking, sensation-seeking and

sensitivity to reward variables grouped in factor 2 along with the Inhibition-Switch and the

Gambling Task. Factor 2 was considered ambiguous due to the inclusion of the Gambling

Task. To disambiguate this, we correlated a DLPFC and a OFC composite factor score from

the behavioural measures with the two factors from the self-report factor analysis. The risk-

taking, sensation-seeking, sensitivity to reward self-report factor now clearly associated with

the OFC behavioural factor and not the DLPFC factor.

The Inhibition-Switch subscale did not conform to a priori expectations of

representing a primarily cognitive measure as it loaded with OFC-related measures, contrary

to predictions. This task is founded upon the colour-word principles of the Stroop Colour-

Word test (Golden, 1976), and involves switching from naming the ink colour to reading the

word quite frequently between approximately every 2 to 3 trials. This lack of coherence to

the hypothesized prefrontal model might be partially explained by the current controversy in

the literature as to what particular constructs the colour-word tasks measure. Some authors

have considered the colour-word tests as a measure of differential processing speed of
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colours, while others suggest a multiplicity ofcomplex processes including response

organization as well as selection and execution in the presence of competing relevant and

irrelevant stimuli (Cheung, Mitsis & Halperin, 2004; Murphy, Barkley & Bush, 2001). This

suggested multiplicity of processes results in a difficulty in characterizing whether or not this

measure can be definitively placed into a particular prefi-ontal category. Inhibitory control

has been associated with both DLPFC (Mishkin, 1964) and OFC (Iversen & Mishkin, 1970)

function and inhibition is likely a necessary contributory factor to varying executive

processes of both a primarily cognitive and affective orientation, resulting in the subsequent

lack of prefi"ontal regional specificity attributable to inhibitory functions. Furthermore,

Bechara (2004) notes that there are multiple forms of impulsive behaviour that include

cognitive impulsiveness, motor impulsiveness and perceptual impulsiveness and that only

cognitive impulsiveness is associated with deficits in decision-making (as measured by tasks

such as the Iowa Gambling Task). In addition, the remaining forms of impulsiveness were

reported to correlate with regions other than the DLPFC such as the anterior cingulate, the

superior frontal gyrus and the insular cortices, thereby providing an alternate suggestion of

the neural substrates associated with particular types of impulsivity. Unfortunately, the

current study's impulsivity measure did not parse impulsivity into types that were

comparable to those discussed by Bechara and therefore, previous findings could not be

tested. Finally, the current study's findings that self-report measures of impulsivity (Barrett

Impulsivity Scale) and behavioural impulsivity measures (D-KEFS colour word interference

tests) do not correlate well with each other is consistent with previous findings that state that

measures of inhibitory control are diverse and varied in the constructs in which they assess

(Barratt & Patton, 1983; Barratt, Stanford, Kent & Felthous, 1997).
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The combined self-report, clinical and experimental factor analyses resulted in 2

factors hypothesized to relate to DLPFC function. Factor 1 (impulsivity, attentional and

planning abilities and extradimensional shifts) and Factor 3 (inhibition subscale and the

Monsell task) involved measures thought sensitive to primarily cognitive executive

processing. Inhibitory control (lack of impulsivity), attentional and planning abilities, as well

as the abihty to switch mental set between different stimulus dimensions did not appear to

involve the processing of affectively oriented information. Thus, hypothesized correlations

with predominantly cognitive processes and associated DLPFC function appeared to be

supported. A possible explanation for the two separate DLPFC factors may be that the tasks

listed in Factor 3 involve the ability to shift mental set as well as a concurrent suppression of

competing, irrelevant stimuli during task performance, whereas the extradimensional task

does not appear to incorporate this type of interference. In the inhibition subscale, concurrent

linguistic information in the form of written colour words are in simultaneous competition

with the naming of the conflicting ink colour in which the word is printed in. In the Monsell,

pairs of stimuli allow the individual to develop a response pattern that must subsequently be

suppressed in favor of an alternate response pattern every second trial; this also creates the

necessity of suppression of a previously learned response. Finally, as discussed in the

previous chapter, the Extradimensional Shift task was the only behavioural measure thought

sensitive to DLPFC function that did not have a speeded component.

The remaining 3 factors, Factors 5, 6 and 7 contained the Newman task, the Trail-

Making Test, Part B (Trails B), and sensitivity to punishment. These factors remained on

their own perhaps due to task-demands that separate them from the others. Beginning with

Trails B and the absence of a relationship with the hypothesized DLPFC or the OFC sensitive



it!r.. -lO ji j&ai. '

•}-,''-



78

groupings; this finding might be explained by the particular stimulus dimensions utilized in

this task. Although similar to the Monsell and Extradimensional task in its requirement to

switch attentional set between stimulus dimensions, the dimensions in Trails B involved a

linguistic component in that one of the stimulus dimensions consisted of letters of the

alphabet. Anecdotal information collected during this task indicates that an overwhelming

number of participants recite the alphabet and that response time is increased as a result of

having to begin with reciting the letter A and onwards until the particular letter the

participant is searching for is found. Thus, individual differences in alphabet reciting may

place this measure on its own. The Monsell and Extradimensional tasks do not have such a

demand on linear memory sequencing.

The Newman task, as discussed previously, involved a considerable increase in task

demands (inclusion and exclusion learning) compared to the other tasks. This task involves

strong learning and memory processes, perhaps in excess of other tasks examined, and this

may partially explain the finding that this task grouped on its own. Similarly, sensitivity to

punishment was consistently unrelated to all of the remaining variables (self-report,

experimental and clinical) used in this study. It appears that punishment processes occupy a

unique set of variance and are independent fi-om characteristics of risk-taking, sensation

seeking and associated reward processing, and non-affective constructs of planning, attention

and impulsivity, as well as executive behavioural measures thought generally to index the

fimction of the OFC and DLPFC. As stated previously, a possible explanation for the lack of

relationships between punishment sensitivity and some of the other measures might involve

the notion that processes of reward and punishment may be associated with separate neural

substrates, possibly within the OFC.
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General Discussion

Despite its preliminary nature, the present investigation advances our understanding

of recent neuroscience models of prefrontal cortex specificity, and their application to human

decision making and associated behavioural characteristics. Although risk-taking, sensation

seeking, sensitivity to reward, inattention and lack of planning skills represent behavioural

concepts with significant overlapping properties, these concepts are separable and they each

contribute a unique set of the variance associated with successful responses to changing

environmental contingencies and associated executive processes. Models of prefrontal

specificity suggest that the DLPFC is primarily responsible for predominantly cognitive

executive abilities, including attentional and planning skills. In contrast, the OFC appears to

be a 'mechanism of reward tracking' that is strongly associated with affective components of

executive processes such as emotion regulation and emotion-related learning. The extension

of neuroscience models of prefrontal executive specificity to the study of risk-taking and

associated behaviours is novel, and this study suggests that it may be possible to dissociate

measures based on emotion-related processing associated with the OFC and cognition-related

processing associated with the DLPFC. However, the level of complexity of the behaviour

assessed is likely to vary enormously, causing a significant distinction between the more

complex, real-world behavioural measures and the neuroscience models of component

executive processes and associated neural substrates, a distinction that likely explains the

difficulty encountered during this investigation in combining measures with varying levels of

complexity into two strict categories based solely on affective versus cognitive orientation.
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To state that an individual displays behaviors associated with prefrontal dysfunction

means that much ofwhat we consider to be "higher-level" cognitive functions are impaired.

Thus, symptoms range widely from impulsivity, poor planning, attentional difficulties and

associated distractibility, to perseveration, lack of insight, shallow affect, anti-social

behavior, difficulties with emotional regulation and poor decision making (Burgess &

Robertson, 2002). Executive dysfiinction itself not only constitutes a liability to

psychopathology, but it also has an impact on environmental and social responses to the

individual, compounding the risk for an adverse outcome (Fishbein, 2000). Given the

complexity of executive processes, it is understandable that the process of parsing executive

functions is difficult. The challenge in understanding executive deficits starts at the inception

of the study of frontal lobe dysfunction; attempts to define "executive functions" are

numerous. Difficulties extend beyond the initial inability to concretely define executive

functions into a difficulty in operationalizing these functions and their component parts.

Authors such as Lezak (1995) and Roberts, Robbins & Everitt (1988) have attempted to

isolate executive function into the component parts of working memory and attention, and

attentional and affective components, respectively; however it has still proved quite

challenging to analyze these component parts and to come up with testable techniques and

theories. There is difficulty in breaking down executive processes into analytical categories

or parts due to the fact that our cognitive experience consists of unbroken, instantaneous

operations.

The term executive function has become entrenched in the language of

neuropsychology; however it warrants further inspection. This term is used to describe a

constellation of higher cognitive functions that are referable to a specific neuroanatomical
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focus, the prefrontal cortex. Although it is evident that damage to this particular region

produces a predictable constellation of executive deficits, sorting through the particular

neural substrate(s) responsible for the different impairments in behaviour is an ongoing

process. It is anticipated that a more comprehensive understanding of the prefrontal cortex

will arise from the utilization of measures that load specific executive processes in parallel

with the advancement of new methods of manipulating the different sub-regions and

neuromodulatory systems of the prefrontal cortex (Dalley, Cardinal & Robbins, 2004).
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Chapter Four: Closing Remarks

Numerous investigators and psychological literatures have examined executive

decision-making processes and corresponding human behaviour; however, neuroscience has

traditionally been limited to the study of simple decision making, and the social personality

literature rarely makes reference to neurophysiological underpinnings of human decision

making. In addition to the simplicity of the behaviours analyzed, neuropsychological

investigations are often critiqued for their lack of real-world generalizability due to the

laboratory environments in which the construct of interest is measured. To the best of our

knowledge, the present study is the first to address risk-taking and attentional abilities and

their associated characteristics from a perspective of executive processes based on recent

theories of prefrontal specificity. Furthermore, this study is strengthened by the inclusion of

measures fi-om multiple literatures that include self-report, experimental and clinically-based

measures. The results of this study are consistent with neuroscience models of prefrontal

cortex regional specificity and associated executive processes. The continued development

of such models can serve as a fi^mework for investigating and ultimately understanding

complex human decision making behaviours.

Study Limitations

Although this study provides preliminary support for the dissociation of executive

processes based on prefrontal regional specificities, several limitations should be taken into

consideration when interpreting the results.

Self-report. First, sole reliance on self-report of some of the behavioural

characteristics of interest is not an ideal measurement; additional measures such as peer

report and observational data would have been beneficial to the measurement of risk-taking,
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sensation seeking, sensitivity to reward and punishment, impulsivity, planning and attentional

abilities. It would be interesting to compare data from these other measurement sources to

the self-report data as third party information may reflect a more objective form of

measurement Furthermore, participation in behaviours such as risk taking and sensation

seeking may be viewed as private and confidential and in addition, some of the queried

behaviours are illegal, which subsequently may have lead to inaccurate under-reporting of

these behaviours. Additionally, the particular format of some of the self-report measures,

such as the Sensation Seeking scale have a less than optimal 'forced choice' format, in which

participants were forced to chose answer options that might not accurately reflect their

beliefs; inclusion of an option for more neutral opinions may be beneficial.

Generalizability. The generalizability of the findings to the broader population

should be considered as tentative. In interpreting the results, one should be mindfiil of the

fact that the population studied was representative of typically developing males in the late

adolescent period and consequently, the results may not be generalizable to other

developmental periods, clinical populations or female populations. In addition, the post

secondary student sample utilized likely does not include individuals involved in high levels

of problematic risk taking and/or sensation seeking as these individuals may be less likely to

attend a post secondary institution, are more likely to be absent from research investigations

or to be lost to attrition during the data collection phase. Attrition in our sample however,

was minimal with only one participant who did not complete both testing sessions. Ideally,

research designed to examine risk taking or sensation seeking behaviours would utilize a

population sample with adequate representation of those at-risk for difficulties making the

transition to adulthood. Those at-risk may include, for example, adolescents living in
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poverty or in communities with a high rate ofunemployment, and our university sample is

not likely to include this type of at-risk population. The range restriction in the present

participant sample, however, speaks to the robustness of the positive findings we did have.

However, it does leave open the question of whether we would have found more relations

between risk-taking, sensation-seeking and associated characteristics and behavioural

measures associated with OFC ifwe had included participants who were much higher in

levels of risk-taking and associated behaviour. Given the limitation of our sample, there is no

way to know whether relations would change with such a sample.

Additionally, the study of risk-taking, sensation seeking, impulsivity, sensitivity to

reward and punishment, attentional and planning skills would also have been interesting to

investigate in a clinical population such as individuals with injury to the PFC. These

behaviours of interest all represent higher cognitive abilities, and these abilities are often

limited in individuals who have experienced trauma to this region. It is unclear whether the

inter-relationships found in a more typically developing university sample would be

consistent with those found in a brain-injured population. Pending control for extraneous

factors such as comorbidity and psychotrophic medication use, clinical populations with

focal damage represent an interesting population for fixture investigations to examine theories

of executive specificity. Finally, this study's findings are based on a relatively homogenous

small sample (« = 45) that consists of paid volunteers; more variability may be evident in a

larger sample size with increased heterogeneity. However, it is important to note that

increased heterogeneity would also increase sources of variance, decreasing the likelihood of

effectively examining the variables of interest.
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Research Design. Firstly, it should be noted that the present investigation utilized

primarily correlational analyses and exploratory factor analyses; to further understand

developmental correlates of executive fianctions and to approach statements of causality,

longitudinal data should be collected and examined. Secondly, fiirther investigation into the

differential construct validity of the measures used in this study would be beneficial as it

could provide further validation that the constructs of interest are in actuality, what is being

measured. Authors such as Evans, Kemish and Tumbull (2004) suggest that suitable

normative information on tasks such as the Iowa Gambling Task is not currently available

due to great individual variability in performance. Similarly, the present study supports

Fellows and Farah's (2004) conclusions that the Iowa Gambling Task is complex in its

executive requirements, and subsequently ambiguous in its neurophysiological selectivity as

it appears involve the integrity of numerous prefrontal regions. Consequently, experimental

tasks such as these require continued investigation to identify the construct(s) measured, as

well as their associated neural substrates. However, despite these concerns about the Iowa

Gambling Task, we should note that our analyses did load the gambling task onto factors

thought sensitive to both OFC and DLPFC regions, suggesting that this task does have a

reasonable reliability as it grouped with other measures thought sensitive to these prefrontal

regions. Although many of the measures used in this study (such as the Delis-Kaplan

Executive Function Scale) have been determined to be reliable and valid, others are

experimental and do not have psychometric validation. Further psychometric research needs

to be conducted in order to obtain much needed normative data on measures utilized to assess

complex human behaviour and component executive processes.
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Suggestionsfor Future Research t

Risk Perceptions. Additional inquiry into risk perceptions would also be beneficial in

understanding risk-taking. As March and Shapira (1992) suggest, it is important to consider

variables that affect risk-taking behaviour such as the following: potential threats to survival

(with reports that increasing threat stimulates greater risk-taking and contradictory evidence

that it promotes decreased risk-taking levels), risk takers' perceptions of whose resources are

being risked (for example, greater risks have been reported to be taken with new resources

tiian with resources held for a longer time) and self-confidence level of the risk-taker

(successful risk-takers have reportedly believed that their past success in risk-taking was a

result of their skills rather than their good fortune) (Bromiley & Wiseman, 1989; Greenhalgh,

1983; Samuelson & Zeckhauser, 1988; March & Shapira, 1987).

Developmental Considerations. Continued research is needed into the development

of prefrontal cortex structure and function during the lifespan, particularly in childhood and

adolescence. Neuropsychological measures that might be appropriate and effective in the

assessment of prefrontal and executive functions during childhood and adolescence would

also be beneficial as the majority of the current literature on executive function focuses on

adult populations. Similarly, authors such as Kerr and Zelazo (2004) indicate that further

investigation is required to better understand the development of cognitive and particularly,

affective decision-making during childhood and adolescence, as well as the neural substrates

that play a role in the development of these diverse executive functions.

Age-related differences in OFC structure and function have been reported (Lamar,

Yousem & Resick, 2004) as the recruitment of orbitofrontal regions has been found to

change as a function of age. Consequently, as Clark et al. (2004) suggest, investigators
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should consider using age as a covariate in future studies of decision-making. In addition, to

advance developmental investigation, simpler reversal learning tasks such as the

Intradimensional/ Extradimensional Shift (ID/ED) task, as opposed to more complex decision

making tasks such as the Iowa Gambling task, might be more amenable to administration in

child, adolescent and adult groups based on preliminary findings that tasks such as the ID/ED

task do not correlate with age (Blair et al., 2001; Clark et al., 2004).

Furthermore, there is a need for continued investigation into the role of aging in

prefrontal and associated executive functions. Healthy adult aging is correlated with the

deterioration of the frontal lobes of the brain, earlier and more severely than other brain areas

(Haug et al., 1983, as cited in MacPherson, Phillips & Delia Sala, 2002). Differential

degeneration of particular regions of the prefrontal cortex have been cited in both the

DLPFC, having been associated with typical age-related declines in executive processes such

as working memory (MacPherson et al., 2002), and the OFC, having been associated with

age-related declines in executive processes such as the complex decision-making of the Iowa

Gambling Task (Lamar & Resnick, 2004). Neurophysiological models of executive function

would likely benefit from increased knowledge on the differential effects of age on different

regions of the frontal lobe. Finally, continued research on the genetic, biological and

environmental factors that contribute to the abnormal development and aging of the

prefrontal cortex and its connectivity, particularly during vulnerable periods of development,

are likely to assist in the creation of sub-clinical deficits (Bechara, 2004) as well as specific

diagnostic criteria for subsequently more affective assessment and treatment in clinical

populations. In sum, future investigations would benefit from addressing these
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developmental considerations, ultimately resulting in a subsequent enhancement of our

understanding of higher cognitive, executive behaviours.

Intra-Regional Prefrontal Specificity & Inter-regional Communication. The current

study utilized a theoretical framework involving the dissociation of affective and cognitive

executive processes and their hypothesized correlations with OFC and DLPFC, respectively.

Further dissociation within particular prefrontal regions might also facilitate knowledge of

the role of particular regions of the prefrontal cortex in executive flinctions. In support of the

need for further investigation into intra-regional specificity, there is preliminary evidence to

suggest that right-sided prefrontal lesions may impair decision-making processes to a greater

extent than left-sided lesions (Bechara, 2004; Clark, Manes, Antoun, Sahakian & Robbins,

2003; Tranel, Bechara & Denburg, 2002). Additionally, O'Doherty and colleagues (2001)

have reported that the medial and lateral OFC are differentially activated by monetary reward

and punishment during an emotion-related visual reversal task, with the magnitudes of the

rewards and punishments also being represented in these regions. Furthermore, Elliot and

colleagues (2000) suggest that while the OFC is generally concerned with monitoring reward

values, the lateral OFC is particularly likely to be activated when a response previously

associated with reward has to be suppressed, and a more posterior and caudal region of the

lateral OFC appears to be involved in the arousal associated with risky decision-making.

Similarly, Kringelbach and Rolls (2004) propose two distinct trends ofOFC neural activity;

the first involving a mediolateral distinction, whereby medial OFC activity is correlated with

the monitoring of reward value ofmany different reinforcers, whereas the lateral OFC

activity is correlated with the evaluation of punishers that may lead to change in ongoing

behaviour. The second trend is a posterior-anterior distinction in which more complex or
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abstract reinforcers (such as monetary gain or loss) are represented more anteriorly in the

OFC than simpler reinforcers such as taste or pain.

Finally, the dissociation of executive functions attributable to particular regions

within PFC sub-regions, as well as theories ofPFC regional specificity in general, would

benefit highly from an increased understanding ofhow these executive processes interact to

implement executive control. Further understanding is required about how the brain

determines and communicates the need to recruit executive control, as well as how such

signals initiate the implementation of appropriate performance adjustments (Ridderinkhof,

van den Wildenberg, Segalowitz & Carter, 2004). It is unlikely that complex executive

behaviours are supported by one prefrontal region or sub-region in isolation and further

investigation into the interactions between prefrontal regions, as well as other limbic

structures such as the amygdala (Ongur & Price, 2000) will be critical to furthering our

understanding of executive processes.

Implications

Accumulating evidences indicates that the PFC plays a psychophysiologic role in the

field of psychopathology. Damage to the OFC region for example, has resulted in gross

alterations in social and emotional behaviour with largely preserved perception, language and

memory function (Bechara, Damasio et al, 2000; Bechara, Tranel et al., 2000; Damasio,

1994; Malloy, Bihrle, Duffy & Cimino, 1993; Rolls, 1999; Clark et al., 2004). Rahman and

colleagues (2001) indicate that individuals with injury to the PFC "engage in decisions and

behaviours that have repeated negative consequences for their well-being"; these individuals

"act as though they have lost the ability to ponder different courses of action and to select the

one that promises the best balance of short and long-term benefit. They also have difficulty
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in planning and organizing their own lives and tend to make poor decisions about friends,

business associates and day-to-day activities" (p. 271). The authors add that individuals with

damage to the OFC "exhibit profound personality changes, problems with self-conduct,

difficulties with emotional reactions to sensory stimuli, difficulties with social interactions,

and problems making decisions within the context of their everyday lives" (p. 271). In

addition, individuals with this type of prefrontal damage display behavioural characteristics

that resemble aspects of symptomatology evident in psychiatric conditions including

psychopathy (Lapierre, Braun & Hodgins, 1995) and substance abuse (Bechara & Damasio,

2002), to name a few. These individuals display impaired decision-making processes that

result in an inability to make successful daily decisions regarding employment, relationships

and personal finances and it has been proposed that these individuals are unable to use past

experiences to guide their ongoing decision-making ("myopia for the future") (Bechara,

Tranel et al., 2000; Damasio, 1994; Clark et al., 2004). Although cHnical populations with

damage to the prefrontal region have been incredibly informative, it is important to note that

studies utilizing these populations will always be limited to the lack of control over the

precise lesion location and the size of the lesion (Nathaniel-James & Frith, 1996), and these

differences likely contribute to the current lack of consensus over the precise cognitive and

affective functions attributable to particular regions of the PFC.

Executive dysfunction has been reported in a multitude of clinical populations that

range from Attention Deficit Hyperactivity Disorder to Parkinson's disease, and attempts to

effectively treat and support these individuals would greatly benefit fi-om the parsing of

executive functions into specific component processes that may be subsequently correlated

with a particular clinical condition. Neuropsychologically selective measures represent
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assessment tools for investigating the integrity of specific neural substrates in psychiatric and

neurological disorders. Theoretical frameworks surrounding the degree of prefrontal regional

specificity are currently in a preliminary stage; however, further development of theories of

specificity may dissociate particular executive performance profiles, perhaps predominantly

cognitive or affective in nature, for varying clinical populations. The fractionation of

executive processes and the ability to draw neuropsychological and neuroanatomical parallels

will ultimately further the objective assessment, diagnostic and subsequent behavioural,

environmental and pharmacological treatment of clinical populations.
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Table 1. Summary ofExperimental and Clinical Tasks

OFC Predictors

(Affective EF)

DLPFC Predictors

(Cognitive EF)
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Table 2. Skewness and Kurtosis Valuesfor all Variables

Skewness Kurtosis

1) Impulsivity Scale

2) Sensation-Seeking Scale

3) Sensitivity to Reward

4) Sensitivity to Punishment

5) Inattentiveness Scale

6) Risk-Taking Scale

7) Risk-Taking Positive Outcome Expectancies

8) Risk-Taking Negative Outcome Expectancies

9) D-KEFS Inhibition Errors

10) D-KEFS Inhibition-Switching Errors

11)BAFQ Planning Scale

12) Intradimensional Errors

13) Extradimensional Errors

14) Monsell Switch Cost

15) Object Alternation

16) Newman Feedback

17) Gambling Task

18) Trails B

.321
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Table 3. Outlier Effects on Skewness andKurtosis Values Before and After Outlier(s)

Skewness Kurtosis Skewness Kurtosis

(Pre-Removal) (Pre-Removal) (Post-Removal) (Post-Removal)

1) Risk-Taking Scale 1.713 4.867 0.629 -.217

2) Risk-Taking Negative

Outcome Expectancies -2.387 7.617 -1.685 4.774

3) Intradimensional

Errors 2.182 4.985 2.103 5.142

4) Extradimensional

Errors 2.225 3.911 2.419 5.089
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Table 4. Descriptive Statisticsfor All Variables
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Table 4. Continued Descriptive Statisticsfor All Variables
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Table 5. Factor Loadings and Variance Explainedfor Exploratory Factor Model of
Prefrontal-Associated Behavioural Measures

Factor

Measure

Intradimensional Shift .103 .173 -.005 -.857 -.091

Extradimensional Shift -.201 -.017 .821 .015 .000

Monsell .068 .850 -.256 .079 .172

Newman
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Table 6. Summary ofSelf-report Measures

123

Measure Construct Measured

Barratt Impulsivity Scale (BIS-II)

(adapted from Patton, Stanford

& Barratt, 1995)

Zuckerman Sensation seeking scale

(adapted from Zuckerman, Eysenck,

& Eysenck, 1978)

Cognitive Appraisal of Risky Events

(C.A.R.E.) Questionnaire (adapted

from Siegel et al., 1994; Fromme,

Katz& Rivet, 1997)

Sensitivity to Reward & Punishment

Questionnaire (adapted from Torrubia,

Avila, Molto & Caseras, 2001)

Brock Adaptive Functioning Questionnaire

(BAFQ) (adapted from Dywan, J. &
Segalowitz, S.J., 1996)

Connor's Adult ADHD Rating Scale

(CAARS) (adapted from Connors &
Erhardt, 1997)

Inhibitory Control/

Impulsivity

Sensation seeking:

4 factors: Thrill &
Adventure seeking.

Experience seeking,

Disinhibition &
Boredom Susceptibility

Risk-taking behaviours

& Perceived Outcomes

Sensitivity to Reward &
Punishment

Planning Skills

Attentional Abilities
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Table 9. Factor Loadings and Variance Explainedfor Exploratory Factor Model of
Self-report Measures

Factor

Measure

Impulsivity .710 .479

Sensation Seeking .138 .777

.059 .772
Sensitivity to reward

Sensitivity to Punishment

Inattention

Risk taking

Planning

% of Variance

Cumulative Variance (%)

.510 -.101

.892
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Figure 1. Sample maps of cortical architecture using Brodmann numbers. (Left) Medial view

of right hemisphere. (Right) Lateral view of left hemisphere. (Adapted from Broadmann,

1909).





130

Executive Functions

Prefrontal Cortex (PFC) Function

Orbitofrontal PFC Dorsolateral PFC

Affective Executive Functions J t Cognitive Executive Functions

Figure 2. Parsing executive and prefrontal cortex functions.
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Appendix A

Consent Form

Title of Project Beliaviours of young adults and correlates of brain activation.

Purpose. The purpose of this research project is to examine the relations among brain

electrical activity, hormonal development, game-playing strategies, and Hfe-style attitudes.

Procedures . During your visit to the laboratory, we will be measuring a variety of things.

This includes several simple tests of visual function (detecting the orientation of different

grey and white stripes, discriminating colours). Three short computer-administered will then

be administered. In the first task, you will be presented with a series of numbers, some of

which are associated with pressing a response key. The goal is to learn which ones are

supposed to elicit the key press by using available feedback. The second task is a card

gambling task. The goal is to choose cards fi-om different decks to maximize payoff(no

actual money will be earned from this). Additional tasks involve choosing accurately from a

set of shapes and Unes, and identifying and remembering the location of a penny under two

cups. The final tasks involve connecting a series of circles numbers and letters, and naming

the ink colour of a series of colour words. We will also be recording your brain electrical

activity while performing a series of short computer tasks involving stimulus discrimination

(pressing a key for some stimuli and not for others). You will also be asked to complete

several personality questionnaires. Finally, because of the possible association between

hormone levels and the brain and other measures, we will ask for a urine sample as well as



U'K-i^jq-^yQ'' Vi'



132

two saliva samples in order to determine the level of fluctuating hormones at the time of

testing. You will be compensated $50 for participation upon completion of the second

session. The entire study will be completed in approximately two 2-3 hour sessions. The

research findings will be available to you once the study has completed.

Confidentiality. Please understand that all information collected during the course of this

visit will remain strictly confidential and your name will not be identified at any time or

associated with any published results.

Risks. There are no known discomforts or risks associated with this study. The study

involves simple enjoyable tasks.

Contact information . This research has been approved by the Brock University Research

Ethics Board (file #01-282). The Brock University Office of Research Services can be

reached at (905) 688-5550, ext 3035. If you have any additional questions about this study,

you may contact the Brock Neuropsychology Lab at (905) 688-5550, ext 3451 and ask for

James Desjardins, Diane Santesso, or Danielle Dyke. The primary researcher can be reached

by e-mail at sid.segalowitz@brocku.ca or by telephone at the lab number indicated above.
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Statement of Consent. I give my consent to participate in a research study being conducted

by the researchers listed above from the Department of Psychology, Brock University. My

signature at the end of this consent form will indicate that the investigators have answered all

ofmy questions, that I am of 18 or 19 years of age, and that I voluntarily consent to

participate in this investigation. I realize that am free to withdraw from participation at any

time or not answer any questions for any reason without penalty.

I have read, understood and been provided with a copy of this consent from. I realize that I

may ask questions in the future about the study, and I indicate my free consent to research

participation by signing this research consent form.

I give my consent to be contacted for a follow-up study should there be one (check one)

Yes No

Student's name (print) Signature of student

Date
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I have explained the purpose of this study to the parent/guardian and volunteer minor or

participant. To the best ofmy knowledge he/she understands the purpose, procedures, risks

and benefits of this study.

Experimenter's name (print) Signature of experimenter

Date

Note: Copy 1: Neurolaboratory Copy
Copy 2: Participant Copy
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Appendix B

Debriefing for "Behaviours of young adults and correlates of brain activation"

Thank you for participating in our research project. The goal of this study was to

better understand life-styles and learning strategies in adolescents and young adults and how

they relate to certain brain processes. There is surprisingly little research examining the

relation between healthy brain function, certain brain chemicals (measured by visual tests),

hormones (measured in urine and saliva), and life-styles especially those related to risky or

adventurous behaviours. We think this is important to understand because youths undergo

challenges at multiple levels. There are changes in brain function in adolescence and young

adulthood, activation of hormones, and there are difficult and sometimes stressful decisions

to make! We therefore used measures of these properties in order to try to determine these

relations.

We not only expect to see that people's brain activity differ from others' but that that

this is related to hormones, the brain chemical dopamine, and the extent to which people

engage in risky or potentially dangerous activities. For many of these research questions, we

are examining them for the first time. We can't know the results yet, but anticipate that we

will see changes in brain activity over the period of growth into young adulthood and that

these changes in brain waveforms will relate to some of the other measures. We do expect

that the results of this study will be helpful for scientists around the world interested in

healthy human brain function and behaviour.

We want to thank you very much for your help in furthering this research, and if you

are interested, we will be happy to share with you the results we find (we expect to have

some results by August, 2004). Please indicate to the tester today if you would like to receive
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a research report, and we will mail it out to you once it is completed. We may call you back

for further participation as we find more interesting questions to ask!

Thanks again for your participation!

Dr. Sidney Segalowitz

Principal Investigator

Professor, Department of Psychology

Brock University

Office: MCB3 14

Phone: (905)688-5550 ext.3465

e-mail: sid.segalowitz@brocku.ca

Dr. Stanley Sadava

Professor, Department of Psychology

Brock University

Office: MC B323
Phone: (905)688-5550 ext.3462

e-mail: ssadava@brocku.ca

Diane Santesso

PhD Student

Department of Psychology

Brock University

Phone: (905)688-5550, ext. 3451

e-mail: ds02hm(aibrocku.ca

Danielle Dyke
Masters Student

Department of Psychology

Brock University

Phone: (905)688-5550 ext.3451

e-mail: dd02nd(a)brocku.ca
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Appendix C

Phone Script

Hello my name is (name). I'm calling form the Neuropsychology Lab at Brock

University. I am a research assistant who received your contact information from the "First-

year Health Study" that you participated in this year at Brock. We would like to invite you to

participate in a research study examining brain activity, personality, and hormones. This

study involves participation in two experimental sessions totaling approximately 5 hours and

you will be paid $50 for your participation upon completing the second session. During the

first visit, we will be studying your brainwave activity using an EEG machine and skin

conductance responses while you complete simple computer tasks. During your second visit,

we will ask you to complete other computer learning tasks, some visual discrimination tasks

and several personality questionnaires. In order to measure your natural hormones, we will

also ask you to provide two saliva samples and a urine sample on each visit. Participation in

this study is completely voluntary and you may withdraw from the study at any time without

penalty should you feel uncomfortable. Do you think that this might be something you

would be interested in participating in?
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Appendix D

Intradimensional/Extradimensional (ID/ED) Shift Task

Task Instructions: The following instructions were given to the participant:

'•Now you can see two patterns. One of the patterns is correct and the other is wrong.

What you have to do is click on the one that you think is correct. There is a rule that you

can learn and follow to make sure you get it correct each time. The computer will be

keeping track ofhow well you are doing and when it is clear that you know the rule, the

computer will change it, but remember, this will not happen very often. When the rule is

changed you will have to think of a different rule in order to go on doing well. To begin

with, there is nothing on the screen to tell you which of the two patterns is correct so your

first choice is a simple guess. However, the computer will give you a message after each

attempt to tell you whether you are right or wrong. Any questions? You may begin now".

Task Scoring Methods: Two separate scores were derived from the

intra/extradimensional shift task, an intra and an extradimensional shift score. As this task

was adapted from Robbins and colleagues, the Brock Neuropsychology lab recreated this

task with one small difference. While the dimensions were kept the same, the actual shape

and line stimuli were different from the original task. The scores that were calculated for

the intra and extradimensional shifts were calculated using error scores in exactly the same

manner as is done in the CANTAB Assessment Battery. The Intradimensional Error

Score was calculated by summing the total number of errors made in Block 6, which

represents the number of errors to successfully complete an intradimensional shift: the

shift of attention to a novel exemplar within a previously relevant perceptual dimension.





139

The Extradimensional Error Score was calculated by summing the total number of errors

made in Block 8, which represents the number of errors to successfully complete an

extradimensional shift: the shift of attention to a novel exemplar within a previously

unrewarded perceptual dimension.
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Appendix E

Iowa Gambling Task

Task Instructions: "In front of you on the screen, there are four decks of cards: A,

B, C, and D. 1 want you to select one card at a time, by clicking on the card, from any deck.

Each time you select a card, the computer will tell you that you won some money. You will

find out as we go along how much money you have won. Every time you win, the green bar

gets bigger. Every so often, however, when you click on a card, the computer tells you that

you won some money, but then it says that you lost some money too. You will find out as

we go along how much money you lost. Every time you lose, the green bar gets smaller.

You are absolutely free to switch from one deck to the other at any time, and as often

as you wish. The goal of the game is to win as much money as possible, and if you can't

win, avoid losing money as much as possible. You won't know when the game will end.

You must keep on playing until the computer stops. You are given $2000 credit, the green

bar, to start the game. The red bar is a reminder ofhow much money you have to pay back

before we see how much you won or lost.

It is important to know that just like in a real card game, the computer does not

change the order of the cards after the game starts. You may not be able to figure out exactly

when you will lose money but the game is fair. The computer does not make you lose money

at random, or make you lose money based on the last card you picked. Also, each deck

contains an equal number of cards of each colour, so the colour of the card does not tell you

which decks are better in this game. So you must not try to figure out what the computer is

doing. All 1 can say is that some decks are worse than the others. You may find all of them
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bad, but some are worse than the others. No matter how much you find yourself losing you

can still win if you stay away from the worst decks.

Please treat the play money in this game as real money and any decision on what to

do with it should be made as if you were using your own money.

Task Scoring Methods: The three specific measures used as an indices of the

Gambling Task were: 1) a score derived from the subtraction of the number of times the

participant chose from the disadvantageous decks (decks A & B) from the number of

times the participant chose from the advantageous decks (decks C & D), 2) Advantageous

Decks score- derived from the number of times the participant chose from the

advantageous decks, and 3) Disadvantageous Decks score- derived from the number of

times the participant chose from the advantageous decks.
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Appendix F

Object Alternation Task

Task Instructions: The following instructions were given to the participants: "I

am going to show you two objects. Underneath one of them is a penny. I want you to try

to get the penny every time the curtain goes up. When you find a penny, put it in the box

next to you. If you want to stop at any time, we can. Remember, your task is to try to get

the penny every time the curtain goes up. There will always be a penny under one of these

objects. Any questions"? The first trial is initiated by raising the curtain while

investigator reminds the subject again: "Remember, you want to get the penny every

time".
I^^^j

Task Scoring Methods: The outcome measure in this task was simply the number

of alternations, or the number of correct responses (as defined by the participant correctly

choosing the object that has the penny underneath it). There are a total of25 trials with a

possible 24 alternations; the fewer the alternations the greater the dysfunction and the

more alternations completed, the greater the total score. .
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Object Alternation: Stimulus Object Schedule,

TRIAL # LEFT POSITION RIGHT POSITION

1. Red (Stimulus Object) Blue (Stimulus Object)

2. Blue Red

3. Red Blue

4. Red Blue

5. Blue Red

6. Blue Red

7. Red Blue

8. Blue Red

9. Blue Red

10. Blue Red

11. Red Blue

12. Red Blue

13. Blue Red

14. Red Blue

15. , Red Blue

16. Red Blue

17. Blue Red
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Object Alternation Schedule: Continued,

18. Blue Red

19. Red Blue

20. Red Blue

21. Blue Red

22. Blue Red

23. Blue Red

24. Red Blue

25. Red Blue





145

Appendix G

Newman Task

Task Instructions: The following instructions were given to participants: "This

task begins with a practice session. A series of letters will appear in the middle of the

screen, one after another. The letters will be V, X, Y or W. The correct response to two

of these four letters is button 1 . You should not respond to the other letters. Once you

learn which letters to respond to, ONLY RESPOND TO THOSE LETTERS. You will

loose $0.20 for every incorrect response, and earn $0.20 for every correct response. You

will receive feedback from the computer after every response. After the feedback is

given, you may move on to the next letter by pressing button 1 again. Try to respond as

quickly and as accurately as possible. Any questions? You may begin".

Upon completion of the practice session, the following task instructions were

given: "The rest of the task is just like the practice session except there are 16 letters

instead of 4. The correct response to 8 of these letters is button 1, and no response to the

other 8. Once you learn which letters to respond to, only respond to those letters. And

again, when the feedback is on the screen, you may move forward to the next letter by

pressing button 1 . Try to respond as quickly and as accurately as possible. Any

questions? Are you ready? You may begin".

Task Scoring Methods: The outcome measure used for this task involved

calculating a Reflection time score (in milliseconds), by subtracting the total amount of

time (across the entire duration of the task) the individual spent reflecting on "go" trials

(trials in which the participant was to respond to the stimulus and correctly did so and was
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subsequently given positive feedback) from the total amount of time (across the entire

duration of the task) the individual spent reflecting on "no-go" trials (trials in which the

participant was to withhold/inhibit a response to the stimulus, but the participant

responded and was given negative feedback).

i
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Appendix H

Monsell Task

Task Instructions: The following instructions were given to participants: "You

will see a series of numbers appear at the center of the screen. Some of those numbers

will be underlined and some will not. If the number is NOT UNDERLINED, respond to

whether the number is ODD or EVEN. If the number is ODD, respond with your LEFT

hand. If the number is EVEN, respond with your RIGHT hand. For example, if you see a

3, you would respond with your LEFT hand. And for example, if you see an 8, you would

respond with your RIGHT hand. If the number is UNDERLINED, please respond to

whether the number is SMALL OR LARGE. Small numbers will be 1-4. Large numbers

will be 6-9. Respond with your LEFT hand if the number is SMALL. Respond with your

RIGHT hand if the number is LARGE. For example, if you see a 3. you would respond

with your LEFT hand. If you see a 7, you would respond with your RIGHT hand". The

practice session then begins with the following instructions: "We are going to start with a

few practice trials. The first few will all require an ODD ys. EVEN (NOT

UNDERLINED) decision. Then there will be some that require a SMALL ys. LARGE

(UNDERLINED) decision. Finally, there will be some trials that switch EVERY TWO

trials between ODD ys. EVEN and SMALL ys. LARGE. Do you haye any questions?

Are you ready? You may begin". Upon completion of the practice session, the following

instructions were then given: "If you are ready, we will now begin the task. The decision

required will be to switch every other trial between EVEN vs. ODD (not underhned)

decisions, and SMALL vs. LARGE (underlined decisions). You will see 2 of one type in
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a row and then 2 of the other type in a row. Any questions? Are you ready? You may

begin". Upon completion of the break after the first half of the class, the following was

presented on the computer screen: "Break! Take a moment to relax and when you are

ready to begin the last half of this task, you may press button 1".

Task Scoring Methods: The outcome measure used for this task is the switch cost

(from making odd vs. even judgments to size judgments), and this was calculated by

subtracting the average response time for repeat trials (those trials in which the necessary

judgment involves the same set of parameters as the previous trial; i.e. a second,

successive odd vs. even or greater or less than 5 judgment) from the average response time

for switch trials (in which the necessaryjudgment involves a different set of parameters;

for example, the current trial being an odd vs. even distinction trial, after the previous

greater or less than 5 distinction trial).
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Appendix I

Trail-Making Tests

Task Instructions: The following instructions were given to participants:

Beginning with the practice section of Trails A, the experimenter instructs the following:

"One this page are some numbers. Begin at 1 and draw a continuous line from 1 to 2, 2 to

3, 3 to 4, and so on, in order, until you reach the end. Draw the line as fast as you can.

Ready? Begin (Timing starts)". When finished correctly experimenter said: "Good!

Let's try the next one." If it was clear that participant intended to touch a circle but

missed: the participant was cautioned to touch the circles, and it was not counted as an

omission. If an error was made: the following was stated and the participant was given the

opportunity to try again: "You started with the wrong circle. This is where you start

(point). You should go from number 1 to 2, 2 to 3, and so on, until you reach the circle

marked end" (point).

Trails A: Test: "On this page are numbers from 1 to 25. Do this the same way.

Begin at number 1 and draw a continuous line from 1 to 2, 2 to 3, 3 to 4, and so on, in

order until you reach the end here at 25 (point). Remember, work as fast as you can.

Ready? Begin". (Timing starts). When finished correctly experimenter said: "That's

good. Now we'll try another one". If an error was made: the experimenter waited until

they touched the wrong circle, then said: "No, that's not right, this was your last correct

point was here at . (Crossing out the wrong line and then lifted the participant's hand

back to the correct point).
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Trails B: Practice Test: In the Trails B Practice session, the following

instructions were given to the participants: "On this page are some numbers and letters.

Begin at number 1 and draw a continuous line from 1 to A, A to 2, 2 to B, B to 3, 3 to C,

and so on, in order, until you reach the end at D. Remember, first you have a number, then

a letter, then a number, then a letter, and so on. Draw the lines as fast as you can. Ready?

Begin" (Timing starts). When finished correctly experimenter said: "Good! Let's try the

next one".

If it was clear that participant intended to touch a circle but missed: the participant

was again cautioned to touch the circles and it was not counted as an omission. If an error

was made: the following was said and the participant was prompted to try again: "You

started with the wrong circle. This is where you start" (point), OR "You skipped this circle

(point). You should go from number 1 to letter A, A to 2, 2 to B, B to 3, and so on, until

you reach the circle marked end" (point).

Trails B: Test: "On this page are both numbers and letters. Do this the same way.

Begin at number 1 and draw a continuous line from 1 to A, A to 2, 2 to B, B to 3, 3 to C,

and so on, in order, until you reach the end at #13 (point). Remember, first you have a

number, then a letter, then a number, and so on. Do not skip around, but go from one circle

to the next in proper order. Draw the lines as fast as you can. Ready? Begin". (Timing

starts). If an error was made: the experimenter waited until they touched the wrong circle,

then said: "No, that's not right, this was your last correct point was here at . (Crossed out

wrong line and then lifted the participant's hand back to the correct point).
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Task Scoring Methods: The total time (in seconds) to complete both Test A and Test

B was used as the outcome measure in all analyses involving this task.
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Appendix J

Delis-Kaplan Executive Function Scale

Task Instructions: Instructions for the four conditions are as follows:

Condition 1: Colour Naming- "This page has patches of colour on it. I'd like you

to say the colours as quickly as you can without skipping any or making mistakes. When

you finish this line (examiner sweeps across the first practice line of five squares with

his/her finger), go on to this one (points to the first square of the second row). Begin here

(points to the first square on the first line often squares below the practice lines), and say

each colour, one after the other, without skipping any. When you finish this line (sweeps

across the first row with his/her finger), go on to this one (points to the first square of the

second row). Keep saying the colours until you reach the end of the last line (points). Say

the colours as quickly as you can without making any mistakes. Ready? Begin.

Condition 2: Word Reading- "Now look at this page with words printed on it. I'd

like you to read the words aloud as quickly as you can. Begin here (examiner points to the

first word on the first line of ten words below the practice lines), and read each word, one

after the other, without skipping any. Keep reading the words until you reach the end

(points to the last word on the last line). Read the words as quickly as you can without

making any mistakes. Ready? Begin."

Condition 3: Inhibition- "Now look at this page. It's going to be a little harder

than the other pages because the colour names are printed in a different-coloured ink.

When I say begin, I want you to say the colour of the ink that the letters are printed in; do

not read the words. Begin here (examiner points to the first word on the first line often
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words below the practice lines), and say each ink colour, one after the other, without

skipping any. Keep saying the ink colours until you reach the end (point to the last word

of the last line). Say the colours as quickly as you can without making any mistakes.

Ready? Begin."

Condition 4: Inhibition/ Switching- "This is the fourth and last page. This time,

for many of the words, you are to do the same thing you just did: name the colour of the

ink and do not read the words. But, if a word is inside a little box, you should read the

word and not name the ink colour. Begin here (examiner points to the first word on the

first line often words below the practice lines), and keep going until you reach the end

(points to the last word of the last line). Say the ink colours or words as quickly as you

can without making any mistakes. Ready? Begin."

Task Scoring Methods: The total number of errors committed during each

condition was used as the outcome measure in all analyses involving this task.
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Appendix K s

Barratt Impulsivity Scale

Directions: People differ in the way they act and think. This is a test to measure

some of the ways in which you act and think. Read each statement carefully and circle the

appropriate number. Answer quickly and honestly.

1 2

Rarely/Never Occasionally

3

Often

1.





155

16. I change jobs.

17. I act on impulse.

18. I get easily bored when solving thought problems.

19. lact on the spur of the moment.

20. 1 am a steady thinker.

21. I change where I live.

22. I buy things on impulse.

23. 1 can only think about one problem at a time.

24. I change hobbies.

25. I spend or change more than 1 earn.

26. 1 have outside thoughts when thinking. •- - ''

27. 1 am more interested in the present than the future.

28. I am restless at lectures or talks. '

29. 1 like puzzles.

30. I plan for the future. .' '

2

2

2

2

2

2

2

2

2

2

. 2

2

2

2

2

3

3

3

3

3

3

4

4

4

4

4

4

ijni ' 4

3

3

3

3

3

3

3

4

4

4

4

4

4

4
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Appendix L

Sensation Seeking Scale - Form V

Directions: Each statement can be answered True or False. Read the statement and

decide whether the statement describes you. Circle the appropriate answer.

{'--..if

1. I often wish I could be a mountain climber. True False

2. Hike some ofthe earthy body smells. True False

3. I can't stand watching a movie that I've seen before. True False

4. I like wild "uninhibited" parties. True False

5. I like to explore a strange city or section of town myself, even « ,.

if it means getting lost. True False

6. I get bored seeing the same old faces. True False

7. I sometimes like to do things that are a little frightening. True False

8. People should dress in individual ways even if the effects are

sometimes strange. True False

9. I would like to take offon a trip with no pre-planned or definite

routes or timetables. True False

10. I get very restless if I have to stay around home for any

length of times. True False

11. I have no patience with dull or boring persons. True False

12. I would like to learn to fly an airplane. . >• . •,'•;,.• True False
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13. I would like to meet some persons who are homosexual

(men or women). True False

14. When you can predict almost everything a person will do and say,

he or she must be a bore. True False

15. I often like to get high (drinking liquor or smoking marijuana). True False

16. I would like to go scuba diving. True False

17. I have tried marijuana or would like to. True False

18. 1 usually don't enjoy a movie or play where I can predict what will

happen in advance. True False

19. I could conceive of myself seeking pleasures around the world with

the "jet set". True False

20. I would like to try some of the new drugs that produce hallucination. True False

21

.

I would like to take up the sport of water skiing. True False

22. I like to try new foods that I have never tasted before. True False

23. I enjoy watching many of the "sexy" scenes in movies. True False

24. The worst social sin is to be a bore. True False

25. I often find beauty in the "clashing" of colours and irregular form

ofmodem painting. True False

26. I think 1 would enjoy the sensations of skiing very fast down a high

mountain slope. True False

27. 1 would like to try parachuting jumping. True False

28. Looking at someone's home movies or travel slides bores me

tremendously. True False
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Appendix M

Sensitivity to Punishment and Reward Questionnaire

Directions: Read the statement carefully and decide which of the above 4 response

choices most accurately describes your answer to the question. Circle the appropriate

answer. Each statement can be answered with ONE of the following 4 responses: (1) very

much yes, (2) yes, (3) no, OR (4) very much no.

YY = very much Yes . Y = yes, N = No, NN = verv much No

1. Do you often refrain from doing something because you are afraid of it being illegal?

YY Y N NN

2. Does the good prospect of obtaining money motivate you strongly to do some things?

YY Y N NN

3. Do you prefer not to ask for something when you are not sure you will get it?

YY Y N NN

4. Are you frequently encouraged to act by the possibility of being valued in your work?

YY Y N NN

5. Are you often afraid ofnew or unexpected situations?

YY Y N NN

6. Do you often meet people that you find physically attractive?

YY Y N NN
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7. Is it difficult for you to telephone someone you do not know?

YY Y N NN

8. Do you like to take some drugs because of the pleasure you get from them?

YY Y N NN

9. Do you often give up your rights when you know you can avoid a quarrel with a

person?

YY Y N NN

10. Do you often do things to be praised?

YY Y N NN

11. As a child, were you troubled by punishments at home or in school?

YY Y N NN

12. Do you like being the centre of attention at a party or social meeting?

YY Y N NN

13. In tasks that you are not prepared for, do you attach great importance to the

possibility of failure?

P YY Y N NN

14. Do you spend a lot of your time on obtaining a good image?

YY Y N NN

1 5

.

Are you easily discouraged in difficult situations?

YY Y N NN

16. Do you need people to show their affection for you all the time?

YY Y N NN
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1 7. Are you a shy person?

YY Y N NN

18. When you are in a group, do you try to make your opinions the most intelligent or

funniest?

YY Y N NN

19. Whenever possible, do you avoid demonstrating your skills for fear of being

embarrassed?

YY Y N NN

20. Do you often take the opportunity to pick up people you find attractive?

YY Y N NN

21

.

When you are with a group, do you have difficulties selecting a good topic to talk

about?

YY Y N NN

22. As a child, did you do a lot of things to get peoples' approval?

YY Y N NN

23. Is it often difficult for you to fall asleep when you thing about things you have done

or must do?

YY Y N NN

24. Does the possibility of social advancement ("moving up the social ladder") make you

do things, even if this involves not playing fair?

YY Y N NN

25. Do you think a lot before complaining in a restaurant if your meal is not well

prepared?
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YY Y N NN

26. Do you prefer activities that have an immediate gain?

YY Y N NN

27. Would you be bothered if you had to return to a store if you were given the wrong

change?

YY Y N NN

28. Do you often have trouble resisting the temptation of doing forbidden things?

YY Y N NN

29. Whenever you can, do you avoid going to unknown places?

YY Y N NN

30. Do you like to compete and do everything you can to win?

YY Y N NN

3 1

.

Are you often worried by things that you said or did?

YY Y N NN

32. Is it easy for you to associate tastes and smells to very pleasant events?

YY Y N NN .',

33. Would it be difficulty for you to ask your boss for a raise (salary increase)?

YY Y N NN V. ••-,.,
, ..

,

34. Are there a large number of objects or sensations that remind you of pleasant things?

YY Y N NN

35. Do you generally try to avoid speaking in public?

YY Y N NN
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f

36. When you start to play with a slot machine, is it often difficult for you to stop?

YY Y N NN

37. Do you, on a regular basis, think that you could do more things if it was not for your

insecurity or fear?

YY Y N NN = ,.. . „ .

38. Do you sometimes do things for quick gains?

YY Y N NN

39. Comparing yourself to people you know, are you afraid ofmany things?

YY Y N NN

40. Does your attention easily stray from your work in the presence of an attractive

stranger?

YY Y N NN

41

.

Do you often find yourself worrying about things so much that it disrupts your

thinking?

YY Y N NN

42. Are you interested in money to the point of being able to do risky jobs?

YY Y N NN

43. Do you avoid doing some things you like in order not to be rejected or disapproved

by others?

YY Y N NN

44. Do you make most activities competitive?

YY Y N NN

I
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I

45. Generally, do you pay more attention to threats than to pleasant events?

YY Y N NN

46. Would you hke to be a socially powerful person?

YY Y N NN

47. Do you often refrain from doing something because of your fear of being

embarrassed?

YY Y N NN
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Appendix N

Brock Adaptive Functioning Questionnaire (BAFQ)

Directions: Read the statement carefully and decide which of the above 4 response

choices most accurately describes your answer to the question. Each statement can be

answered with ONE of the following 5 responses: (1) hardly ever, (2) rarely, (3) sometimes,

(4) often, OR (5) almost always. Circle the appropriate answer. If you are unsure, please

circle the question mark [?].

1. Do you have a hard time maldng plans for the day on your own?

/ L L L [?]
Hardly ever Rarely Sometimes Often Almost always

2. When going out for the day, do you thinit about what might be needed later in

the day, for example, bringing a jaclcet in case it got colder?

/ / / / [?]
Hardly ever Rarely Sometimes Often Almost always

3. When you have several tasks to do, do you organize them in an efficient way?

i / L L [?]
Hardly ever Rarely Sometimes Often Almost always

4. Would you be able to manage (take the appropriate steps) if an emergency came

up and you were home alone?

L L L / [?]

Hardly ever Rarely Sometimes Often Almost always

5. When making choices, do you consider how these choices may affect you in the

future?
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/ / / /

Hardly ever Rarely Sometimes Often Almost always
.[?]

6. When making long term plans, do you think carefully about what you would

need to do in order to reach your goals?

/ / / /

Hardly ever Rarely Sometimes Often Almost always

.[?]

When you makes plans, would you say that your plans show good judgement

(i.e., are they workable and realistic?)

/ / / /

?]

Hardly ever Rarely Sometimes Often Almost always
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Appendix O

CAARS Self-Report: Long Version

Directions: Listed below are items concerning behaviours or problems sometimes

experienced by adults. Read each item carefully and decide how much or how frequently

each item describes you recently. Indicate your response for each item by circling the number

that corresponds to your response choice. Use the following scale:

0=NOT AT ALL
1=JUST A LITTLE/ONCE IN A WHILE
2=PRETTY MUCH
3=VERY MUCH/FREQUENTLY

1. Hike to be doing active things.

12 3

2. 1 lose things necessary for tasks or activities (e.g. to-do lists, pencils, books or tools).

12 3

3. I don't plan ahead.

12 3

4. I blurt out things.

12 3

5. I am a risk-taker or a daredevil.

12 3

6. I get down on myself '

12 3
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7. I don't finish things I start.

12 3

8. I am easily frustrated.

12 3

9. I talk too much.

12 3

10. I am always on the go, as if driven by a motor.

12 3

11. I'm disorganized.

12 3

12. I say things without thinking.

12 3

13. It's hard for me to stay in one place very long.

12 3

14. I have trouble doing leisure activities quietly.

12 3

15. I'm not sure ofmyself

12 3

16. It's hard for me to keep track if several things at once

12 3

17. I'm always moving even when 1 should sit still.

1 2 3 -•

18. I forget to remember things.
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12 3

19. I have a short fuse/temper.

12 3

20. I'm bored easily.

12 3

21. I leave my seat when I am not supposed to.

1 2 3 V

22. I have trouble waiting in line or taking turns with others.

12 3

23. 1 still throw tantrums.

12 3

24. 1 have trouble keeping my attention focused when working.

12 3

25. 1 seek out fast paced, exciting activities.

12 3

26. I avoid new challenges because 1 lack faith in my abilities.

12 3

27. I feel restless inside even if I am sitting still.

12 3

28. Things 1 hear or see distract me from what I'm doing.

12 3

29. I am forgetful in my daily activities.

1 2 3 ,
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30. Many things set me off easily.

12 3

31. I dislike quiet, introspective activities.

12 3

32. Hose things I need.

12 3

33. I have trouble listening to what other people are saying.

12 3

34. I am an underachiever.

12 3

35. I interrupt others when talking.

12 3

36. I change plans/jobs in midstream.

12 3

37. I act okay on the outside, but inside I am unsure ofmyself

12 3

38. I am always on the go.

1 2 3

39. I make comments/remarks that I wish I could take back.

12 3
•

40. I can't get things done unless there is an absolute deadline.

12 3

41. I fidget (with my hands and feet) or squirm in my seat.
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1

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

I make careless mistakes or have trouble paying close attention to detail.

12 3

1 step on people's toes without meaning to.

12 3

1 have trouble getting started on a task.

12 3

1 intrude on other's activities.

1

It takes a great deal of effort for me to sit still.

12 3

My moods are unpredictable.

12 3

1 don't like homework or job activities where I have to think a lot.

12 3

I'm absent-minded in daily activities.

12 3

1 am restless or overactive.

1

I depend on others to keep my life in order and attend to the details.

12 3.
1 annoy other people without meaning to.

12 3
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53. Sometimes my attention narrows so much that I/m oblivious to everything else; other

times it's so broad everything distracts me.

12 3

54. I tend to squirm or fidget.

12 3

55. I can't keep my mind on something unless it's really interesting.

12 3

56. I wish I had greater confidence in my abilities.

12 3

57. I can't sit still for very long.

12 3

58. I give answers to questions before the questions have been completed.

12 3

59. I like to be up and on the go rather than being in one place.

12 3

60. I have trouble finishing job tasks or schoolwork.

12 3

61. I am irritable.

12 3

62. I interrupt others when they are working or playing.

12 3

63. My past failures make it hard for me to believe in myself

12 3



•iRlyhir ,(:

M -. /m nf 3



173

64. I am distracted when things are going on around me.

12 3

65. I have problems organizing my tasks and activities.

12 3

66. 1 misjudge how long it takes to do something or go somewhere.

12 3
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Appendix P

Adolescent Risk-Taking Questionnaire: Part I

Directions: Please indicate, how often within the past 6 months you engaged in the

following activities. Circle your answer.

Never
1

1 time 2-5 times 5-9 times 10 or more times

1 . Did not complete an assignment.

2. Went rock climbing or mountain climbing.

3. Smoked cigarettes or marijuana.

4. Grabbed, pushed, or shoved someone.

5. Left: a social event with someone you just met.

6. Did not study for an exam or quiz.

7. Punched or hit someone with your fist.

8. Mixed drugs and alcohol.

9. Damaged or destroyed public property.

10. Used drugs other than alcohol or marijuana

(e.g., cocaine, ecstasy, speed).

1 1

.

Had sex without a condom.

12. Went skateboarding or in-line skating.

13. Did not study or work hard enough.

14. Went snow or water skiing.

15. Hit someone with a weapon or an object.

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

]
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16. Got into a physical fight.

17. Abused prescription drugs.

18. Missed/skipped class or work.

19. Rode with a drunk driver.

20. Drank alcohol.

2 1

.

Walked alone at night.

22. Rode without a seatbelt.

23. Got drunk or drank more than 5 drinks on

one occasion.

24. Rode a motorcycle.

25. ShopHfted.

2

2

2

2

2

2

2

3

3

3

3

3

3

3

4

4

4

4

4

4

4

2 3 4

2 3 4

2 3 4
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Adolescent Risk-Taking Questionnaire: Part II

Here is a range of things that people might do because they think that something good

or pleasant might happen to them, or people might not do because they think that something

bad or unpleasant might happen to them. Of course, some activities can have both positive

and negative consequences. For example, some activities might be exciting and make you

feel good but run the risk of losing money or getting arrested. Alternatively, some activities

may not have positive or negative consequences.

First, rate the likelihood that a positive consequence would occur by engaging in the

following activities. Some positive consequences are having fun or experiencing pleasure,

receiving praise, winning money, or feeling good about yourself

Second, rate the hkelihood that a negative consequence would occur by engaging in

the following activities. Some negative consequences might mean becoming sick, injured, or

embarrassed, losing money, suffering legal consequences, failing classes or getting fired

from a job, or feeling bad about yourself

Please circle the likelihood of positive and negative consequences for each of the following

activities. Use the following scale:

12 3 4 5

Not at Extremely

all likely likely

1 . Not completing an assignment.

Positive 12 3

Negative 12 3
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2. Rock climbing or mountain climbing.

Positive 12 3 4 5

Negative 12 3 4 5

3. Smoking cigarettes or marijuana.

Positive 12 3 4 5

Negative 12 3 4 5

4. Grabbing, pushing, or shoving someone.

Positive 12 3 4 5

Negative 12 3 4 5

5. Leaving a social event with someone you just met.

Positive 12 3 4 5

Negative 12 3 4 5

6. Not studying for an exam or quiz.

Positive 12 3 4 5

Negative 12 3 4 5

7. Punching or hitting someone with your fist.

Positive 12 3 4 5
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Negative 12 3 4 5

8. Mixing drugs and alcohol.

Positive 12 3 4 5

Negative 12 3 4 5

9. Damaging or destroying public property.

Positive 1 2 3 4 5

Negative 12 3 4 5

10. Using drugs other than alcohol or marijuana (e.g., cocaine, ecstasy, speed)

Positive 12 3 4 5

Negative 12 3 4 5

1 1

.

Having sex without a condom.

Positive 12 3 4 5

Negative 12 3 4 5

12. Skateboarding or in-line skating.

Positive 12 3 4 5

Negative 12 3 4 5

13. Not studying or working hard enough.
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Positive
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19. Riding with a drunk driver.

Positive 12 3 4 5

Negative 12 3 4 5

20. Drinking alcohol.

Positive 12 3 4 5

Negative 12 3 4 5

2 1

.

Walking alone at night.

Positive 12 3 4 5

Negative 12 3 4 5

22. Riding without a seatbelt.

Positive 12 3 4 5

Negative 12 3 4 5

23. Getting drunk or drinking more than 5 drinks on one occasion.

Positive 12 3 4 5

Negative 12 3 4 5

24. Riding a motorcycle.

Positive 12 3 4 5

Negative 12 3 4 5
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25. Shoplifting.

Positive 1

Negative 1
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Appendix Q

Health Questionnaire

This information will be kept strictly confidential and will be destroyed when

the study is completely over. Answer all of the questions as best you can, but if you really

don't now the answer or don't want to answer a particular question, put an 'X' beside "I

don't know" or leave it blank.

Birth date (day/month/year) / I Gender

Questions on injuries and accidents

1 . Have you ever received a blow to the head severe enough so that you had to stop whatever

you were doing at the time (because of dizziness, pain, disorientation,

unconsciousness, et cetera)?

Yes No Don't know

2. If your answer was yes for question 1, please describe your most severe case of

head injury using the descriptions below.

The head injury was from:

a) Motor vehicle accident

b) Bicycle accident

c) Falling down

d) Sports accident

e) Fight or attack

f) Other (Please describe)_
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g) How old were you when this occurred?

h) Were you unconscious? Yes No Don't know

If yes, for how long?

i) Did you have trouble remembering things afterwards for a while?

Yes No Don't know

j) Did you receive medical attention? Yes No Don't know

k) If yes, were you admitted to a hospital overnight?

Yes No Don't know

I) Have you suffered more than 1 head injury? Yes No Don't know

3. In addition to any injury indicated above, have you ever been in a serious vehicle accident

(e.g., in a car, bicycle, etc)? Yes No

Did you suffer an injury from the accident? Yes No

If yes, please describe

How old were you when this occurred? years

4. In addition to any injury indicated above, have you had a serious bodily injury in a fall, in

a sport, from a fight or attack, etc.? Yes No

If yes, please describe the injury

And the type of incident (sports, fight, falling down stairs, etc)
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General health questions

5. Do you suffer from any of the following:

a) Uncorrected vision problems? Yes No Don't know

b) Colourblindness? Yes No Don't know

c) Epilepsy? Yes No Don't know

6. Have you ever been diagnosed with any of the following? Please indicate if this was in the

past or whether it is ongoing.

Past Continuing

Mood disorder (depression/Anxiety)

Thought disorder (e.g. schizophrenia)

Attention disorder (ADD, ADHD)

Seizure disorder (e.g., epilepsy)

7. Are you currently taking any of the following prescription medication on a regular basis?

a) Arousal-affecting medication (e.g., methylphenidate, dylantin, Dexedrine,

etc)? Yes No Don't know

b) Anti-epileptic/seizure medication (e.g., phenytoin, valporate, other

neuroleptics)? Yes No Don't know

c) Heart medication (e.g., blood pressure, cholesterol, anticoagulants, etc)

Yes No Don't know












