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Abstract 

 

Navigation through the environment requires the ability to select relevant 

information from a multitude of irrelevant stimuli. Under conditions of 

processing conflict, attention and cognitive control processes bias sensory input 

based on internal goals. These processes are supported by the interplay of a 

fronto-parietal attention network that exerts a top-down influence on information 

processing and a superior temporal network that operates in parallel and that 

responds in a stimulus-driven manner to behaviorally salient stimuli. It is often 

reported that nicotine can enhance top-down attention control and reduce 

distraction. In experiments 1 and 2, the effects of increasing control demands on 

behavior were assessed using electrophysiological (EEG) and behavioral 

measures in an auditory number parity decision task with different levels of 

distraction. Participants made forced choice ‘odd’ or ‘even’ number decisions, 

while ignoring preceding or simultaneous novel distractors. A group of non-

smokers was compared to overnight abstinent smokers (9 hours) and after 

nicotine intake via 2 mg nicotine tablet or via smoke-inhaled nicotine. The 

results revealed that preceding distractors impaired task performance due to 

orienting to and reorienting from the distractor. Simultaneous distractors did not 

cause orientation of attention (indicated by absence of a P3a Event-Related 

Potential) and produced smaller increments in response latencies. However, this 

type of complex novel stimulus initiated processes of memory updating that 

significantly impaired response sensitivity and accuracy. Nicotine withdrawal 

enhanced these distraction effects, whereas nicotine intake, particularly via 

smoking, normalized performance. In experiment 3, dichotic listening 

performance in a group of non-smokers was compared to abstinent smokers (12 

hours) using behavioral, EEG and functional Magnetic Resonance Imaging 

(fMRI) measures. The perceptual salience of the stimuli was manipulated by 

systematically varying the Inter-aural Intensity Difference (IID) between them. 

The analysis pointed to distinct brain networks that differentially activate 

depending on the level of competition between sensory inputs and these effects 

were additionally modulated by nicotine withdrawal. Nicotine withdrawal 

impaired behavioral performance supported by evidence of enhanced use of 
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memory and attention resources, and some evidence of task-independent default 

mode network activation. Overall, the findings suggest that withdrawal from 

nicotine, particularly in heavy smokers, is associated with impairments in 

cognitive control and that subsequent intake of nicotine serves mainly to 

normalize performance. 
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CHAPTER 1: ATTENTION RESEARCH 

Introduction and Overview 

 

The purpose of the present work is to further understand the functional 

characteristics and interactions of top-down and bottom-up mechanisms of the 

attention orienting system. A specific aim will be to explore the effects of 

increasing control demands on performance. A further aim is to investigate the 

consequences of induced chemical imbalance by means of cholinergic 

manipulation, via altering nicotine levels in smokers. Specifically, nicotine 

withdrawal (experiments 1, 2 and 3) and intake (experiments 1 and 2) was used 

as a way to manipulate the balance of previously identified goal-driven (GD) and 

stimulus-driven (SD) systems (Corbetta, Patel, & Shulman, 2008). To explore 

these effects three experiments were conducted using behavioral and EEG 

measures (experiments 1 and 2) and combined behavioral, EEG and fMRI 

measures (experiment 3).  The remainder of this chapter provides a summary of 

progress in attention research where the functions, neuroanatomy and 

neurochemistry of attention networks, as well as various experimental paradigms 

used to study attention and distractibility of attention will be reviewed. The next 

part aims to present other factors that could influence attention processes, such as 

personality traits and anxiety. The final part of this chapter focuses on 

investigations on nicotine’s effects on cognitive function followed by a summary 

of the aims and hypotheses of the present work. 

The second chapter brings together EEG and fMRI imaging methods as 

these are used to identify activation areas in the brain in response to sensory 

stimuli presented in cognitive tasks. In this chapter, the basic principles and 

intricacies of EEG and fMRI methods as well as their applications in attention 

research will be discussed. The main body of the thesis reports three empirical 

investigations (chapters 3, 4 and 5). Chapter 3 presents the first experiment 

investigating the effects of nicotine withdrawal and intake on event-related 

potential (ERP) correlates of attention network activation by distractors, using a 

number decision task. Withdrawal from nicotine for 9 hours and nicotine intake 

via a Nicorette Microtab tablet was assessed in a group of smokers and compared 
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to a group of non-smokers. A modified version of a number parity decision task 

used by Potter and Schloerscheidt (unpublished work) to explore distractibility in 

schizophrenia patients was used. In the original version of the paradigm, 

participants had to make number parity decisions (goal task) while presented 

with two types of auditory distractors (i.e., preceding or simultaneously 

presented with the goal stimulus). The findings of this research suggested 

increased distractibility and behavioral impairments as a result of preceding 

distractors and these effects were enhanced in schizophrenia patients compared 

to control subjects. Using a version of this task, the findings of the present study 

provide evidence for the impairing effects of nicotine withdrawal on attention 

function whereas nicotine administration normalized performance. These 

findings will be discussed in detail in Chapter 3. A closer examination of the data 

revealed that the experimental group could be divided in two subgroups, light 

and heavy smokers, based on their daily nicotine consumption. Further 

exploratory analyses revealed that the level of nicotine dependence might have 

differential effects on cognitive performance. Chapter 4 presents the second 

investigation using the experimental paradigm employed in experiment one but 

using cigarettes as the vehicle for nicotine administration. It was reasoned that 

nicotine administration via nicotine tablets was not sufficient to induce changes 

in performance. It was also suggested that nicotine tablets possibly resulted in 

modulation of cholinergic neurotransmission but did not include the increased 

dopaminergic transmission associated with the act of smoking a cigarette. 

Consistent with this view, smoke-inhaled nicotine produced larger improvements 

on performance compared to nicotine tablets. Chapter 5 presents a third 

investigation on the effects of nicotine withdrawal on EEG and fMRI correlates 

of attention network activation using a parametric auditory task. The findings of 

this investigation revealed distinct brain areas supporting attention and cognitive 

control processes, and activation of these areas depended on the level of 

competition between sensory stimuli. Nicotine withdrawal additionally 

modulated these processes. Finally, chapter 6 provides a general discussion of 

the findings from the three investigations in relation to previous research. 
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Attention Research 

 

An emerging view of attention is that of a set of functions (i.e., alerting, orienting 

and executive control) that involve anatomically distinct networks of neurons 

(Fan, McCandliss, Sommer, Raz, & Posner, 2002; Posner & Fan, 2004). The 

processing capacity and actions of these systems, acting either together or 

separately, shape the organization of cognition and of sensory input as well as 

modulating behavioral output. The attention network is supported by limited 

capacity working memory and executive control systems in the brain and 

therefore it is suggested that it is bound by the constraints of these systems. 

Attention processes can be consciously initiated and we are consciously aware of 

the effects of such actions. However, some aspects of attention are automatic in 

nature and are not reportable as they do not have access to conscious awareness 

(Posner, 2004). These routines are organized processes facilitating the assembly 

of a filter for the selection of information and the selection and binding of this 

information to form descriptions of events, which in turn provide an updated 

version of the visual and auditory world to other parts of the brain (Posner, 

2004). This preattentive system enables the filtering of auditory input by 

temporarily regulating the firing of neuronal populations after repeated 

stimulation and by comparing incoming stimuli to sensory-memory 

representations of previously presented stimuli. 

Posner (Posner & Petersen, 1990; Posner & Fan, 2004) described 

attention as a trinity; firstly, reaching and maintaining an alert state; secondly, 

orienting to sensory information; and thirdly, executive control for the resolution 

of conflict between competing brain areas. The alerting system is responsible for 

the maintenance of adequate levels of activation (arousal and vigilance) enabling 

the organism to orient to stimuli (phasic alertness) or to maintain a vigilant state 

(tonic alertness or sustained attention) (Oken, Salinsky, & Elsas, 2006; 

Parasuraman, 2000; Posner & Petersen, 1990). Orienting is the process of 

selecting information from sensory input and can be involuntary (i.e. triggered by 

stimuli) or directed (internally or externally) as a result of voluntary control. The 

process of attention orienting has been traditionally characterized as a routine of 

mental operations where, in response to the presentation of a stimulus, attention 

disengages from its current focus and moves to the new location in order to 
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engage with the new stimulus (Posner, 1980). Planning and setting goals are 

essential properties of organisms and are subserved by a frontally distributed 

executive network that is responsible for top-down control, computational 

monitoring and resolution of conflict within a range of neural locations in the 

brain (Raz & Buhle, 2006a). This system is interacting with the attention 

network to enable the selection of motivationally relevant stimuli and responses 

and its activity is modulated by input from the alerting network. The interaction 

of these specialized systems allows the organism to efficiently use energy 

resources crucial for survival and navigation through the environment. 

The fundamental characteristics of attention are selectivity and intensity. 

Selectivity of attention has been studied using tasks involving focused or divided 

attention. Tasks requiring focused attention usually involve distracting stimuli 

that participants have to ignore while focusing on a target stimulus whereas 

divided attention tasks involve relevant stimuli coming from different sources 

and requiring different responses from participants. Intensity of attention is 

measured in sustained attention tasks that require participants to maintain and 

direct their attention to different sources of information over longer periods of 

time (Van Zomeren & Brouwer, 1994). The methods most commonly used for 

the behavioral assessment of different attentional aspects are reaction time (RT), 

which measures the elapsed time between the presentation of a stimulus and the 

subsequent behavioral response, and accuracy. In recent times, RT measures are 

supported by EEG and/or fMRI measures providing an accurate tool for 

localizing cognitive processes in the brain. A widely used method for extracting 

brain activity from the ongoing EEG is using ERPs, which are signal-averaged 

voltage fluctuations generated by the brain that are associated with the 

occurrence of an event (e.g., the presentation of a stimulus). The fMRI method is 

used to detect changes in blood flow (i.e., the hemodynamic response), which is 

directly related to neuronal activation. These methods are commonly used to 

study impaired as well as normal functioning, providing a wealth of information 

about the relationship of brain and behavior. The next section provides a review 

of findings from studies in healthy and clinical populations, specifically 

exploring the pharmacology and neural mechanisms of attentional processing in 

the brain. 
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Pharmacology and Neural Mechanisms of Attention 

 

An important structure in the brain that is crucial for attention processes is the 

ascending reticular activating system (RAS), which is connected to the cerebral 

cortex, hypothalamus and the thalamus. This system is responsible for activating 

the cortex and regulating arousal (Parvizi & Damasio, 2000). The RAS mediates 

transitions from relaxed wakefulness to periods of high alertness. Two important 

structures of this system are the locus coeruleus-norepinephrine system (LC-NE) 

and the reticular formation. Phasic activation of the LC enhances sensory 

processing of salient stimuli via continuous updating of neuronal signal to noise 

ratios that regulate the response threshold (Berridge & Waterhouse, 2003). It is 

suggested that these processes modulate the activation of cortical areas from a 

multilayered to a single-layered network that enable responses to task-specific 

decisions and filtering of responses to irrelevant events (Aston-Jones & Cohen, 

2005; Corbetta & Shulman, 2002). Selective phasic activation of LC cells during 

target-detection tasks, in response to infrequent target cues, has been implicated 

in the regulation of the behavioral outcome of task-related decision processes, 

which are often highly accurate (Clayton, 2004). In contrast, the tonic activation 

of the LC is often associated with more distractible behavior and is effected by 

projections from the orbitofrontal cortex (OFC) and anterior cingulate (ACC), 

areas associated with the evaluation of cost and reward outcomes (Aston-Jones & 

Cohen, 2005). The right dorsolateral pre-frontal cortex (PFC), possibly in 

conjunction with the ACC is found to operate as an executive system monitoring 

and regulating performance and arousal levels, whereas the right inferior parietal 

region contributes to endogenous and exogenous alerting (Raz & Buhle, 2006a). 

The major neurotransmitter systems acting in the brain are the 

noradrenaline (norepinephrine (NE)), the dopamine (DA), the serotonin (5HT) 

and the acetylcholine (ACh) system. Attention is mediated by a number of these 

neurotransmitters including ACh, which is found to have a role in covert 

orienting (Witte, Davidson, & Marrocco, 1997), NE that is important both in 

attention and arousal (Beane & Marrocco, 2004), and DA, which has been 

associated with both reward behaviors and mediating the shift of attention to 

salient, unexpected events (Horvitz, 2000). ACh is a widely distributed chemical 

compound in the brain, produced within structures in the basal forebrain (BF), 
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and has important effects in the central nervous system (CNS) such as sustaining 

attention and enhancing sensory perceptions. Cholinergic dysfunction is found to 

result in the development of attention impairments in a number of disorders. For 

example, it is suggested that the observed impairments in schizophrenia patients, 

such as disruption of filtering capacities and management of attention resources, 

are due to dysregulation in forebrain cholinergic systems (Parikh & Sarter, 

2008). Recent findings (Parikh & Sarter, 2008) show that cholinergic activity 

related to performance manifests in different timescales. For example, cue-

evoked transient or phasic responses are manifested on the scale of seconds, 

whereas pre-cue trends in Ach levels are predictive of cue detection or misses on 

the scale of tens of seconds and session-based tonic changes on the scale of 

minutes. 

DA is a catecholamine neurotransmitter that, among other functions, also 

plays an important role in attention. Dopaminergic neurons are mainly found in 

the ventral tegmental area (VTA) in the midbrain, as well as in the substantia 

nigra and the hypothalamus. The mesocortical pathway connects the VTA and 

the PFC. Reduced DA concentration in this area is found to cause deterioration 

in cognitive functions such as attention, memory and problem solving. However, 

DA also acts in the VTA and nucleus accumbens via the mesolimbic pathway, 

areas that are responsible for reward signals (Gazzaniga, Ivry, & Mangun, 2002). 

Non-reward neurons in the substantia nigra project to the dorsal striatum and 

have been associated with the orienting behavior. Furthermore, DA increases 

cortical arousal and GD behaviors as well as decreasing latent inhibition. DA has 

been suggested to play an important role in decision-making processes by 

influencing saliency detection as well as in inhibitory control (Hasselmo & 

Sarter, 2010). 

The brain areas responsible for regulating sensory processing are 

different for audition and vision but common brain areas are identified as the 

source of the attention orienting effects. The process of attention orienting is 

found to be supported by cholinergic systems arising in the basal forebrain and 

involve the superior parietal lobe (Posner & Fan, 2004). Prominent theories of 

attention control suggest that orienting can be GD or SD (Corbetta et al., 2008; 

Corbetta & Shulman, 2002). According to Corbetta and Shulman (2002; 2008), 

the dorsal frontoparietal GD network facilitates the detection and selection of 
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sensory information and responses and it is driven by internal goals or 

expectations. This network is partly situated in the intraparietal and superior 

frontal cortex. The ventral frontoparietal SD network is thought to facilitate the 

detection of behaviorally relevant sensory information in the absence of attention 

and is largely lateralized to the right hemisphere including the temporoparietal 

and inferior frontal cortex (Corbetta et al., 2008; Corbetta & Shulman, 2002). 

This system is supported by the LC-NE system. According to this theory, the two 

networks are thought to be independent of one another but under certain 

circumstances interact in order to deal with the processing demands at hand 

(Corbetta & Shulman, 2002; Fan et al., 2002). For example, under conditions of 

focused attention, the GD system is thought to suppress SD orienting whereas the 

SD system can interrupt GD attention depending on the saliency of the incoming 

stimulus (Corbetta et al., 2008; Corbetta & Shulman, 2002). Figure 1 

demonstrates the neuroanatomical model of attention control suggested by 

Corbetta and Shulman (2008). 

 

 

Note. From “The Reorienting System of the Human Brain: From Environment to Theory of Mind”, by M. Corbetta, G. 

Patel, and G. L. Shulman, 2008, Neuron Review, 58, p. 308. Copyright 2008 by Elsevier Inc. 

Figure 1. Definition of dorsal and ventral networks from activation data and 

putative interactions. 
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 According to this model, the GD network consists of areas in the frontal 

eye field (FEF) and intraparietal sulcus/superior parietal lobule (IPs/SPL). This 

bilateral IPs-FEF system has been implicated in linking relevant sensory 

representations to motor representations. The SD network is thought to consist of 

areas in the temporoparietal junction (TPJ; inferior parietal lobule/superior 

temporal gyrus (IPL/STG)) and the ventral frontal cortex (VFC; inferior frontal 

gyrus/middle frontal gyrus (IFg/MFg)). This right lateralized detection system is 

proposed to act as a ‘circuit-breaker’ for the GD system depending on the 

information the IPs provides the TPJ about the behavioral relevance of the 

stimuli. It is suggested that novel stimuli are evaluated by the frontal component 

of the ventral network (Corbetta et al., 2008; Corbetta & Shulman, 2002). 

The primary link of the GD and SD systems is proposed to be via the 

PFC (Corbetta & Shulman, 2002; Fox, Corbetta, Snyder, Vincent, & Raichle, 

2004). Separation of the two systems can be seen following the presentation of a 

cue which activates the dorsal system while the ventral system is suppressed 

(Corbetta & Shulman, 2002). Activation of the ventral network seems to depend 

on the importance of the incoming stimuli and not on their distinctiveness. In 

cases that orientation of attention is effected by salient but uninformative 

distractors, the dorsal system is activated (De Fockert, Rees, Frith, & Lavie, 

2004) but not the ventral network. It has been suggested that under focused 

attention tasks, top down signals for task relevance might suppress the ventral 

network in light of distinctive but unimportant objects, by deactivating the TPJ 

(Corbetta et al., 2008; Shulman, 2003a). On the other hand, activation of both 

systems is found after the presentation of a target stimulus (Corbetta, Kincade, 

Ollinger, McAvoy, & Shulman, 2000). A possible link between the dorsal and 

ventral networks has been suggested to be the right MFg, which might be 

directing top down signals from the dorsal to the ventral network. Also, recent 

findings (Shomstein, Lee, & Behrmann, 2010) suggest that patients with lesions 

in the SPL, an area responsible for top-down control of attention, exhibit a 

pattern of performance termed “hyper capture” that manifests as excessive 

distractibility. It is demonstrated that this impairment is due to failure of the GD 

system to suppress attention-switching signals from the SD system. On the other 

hand, patients with lesions in the TPJ, an area responsible for bottom-up 
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orienting of attention, exhibit immunity to capture of attention by distractors and 

superior performance to that of a control group (Shomstein et al., 2010). 

 Despite the prevalence of the idea that the TPJ plays a role in reorienting 

attention to unattended, task-relevant stimuli (Corbetta & Shulman, 2002), 

aggregated evidence coming from a number of neuroimaging studies suggest a 

quite different idea. Specifically, in a recent review of findings from functional 

neuroimaging and anatomical studies (Geng & Vossel, 2013) it was suggested 

that the TPJ is not specialized for stimulus-driven attention reorienting but it is 

possible to be involved in post-perceptual processing (e.g., contextual updating 

and top-down adjustment of expectations) and its function is not entirely right 

lateralized. The TPJ’s anatomical connection to the temporal lobe and frontal 

regions suggests a role in the integration of memory representations of the 

current context (task) with context-appropriate transformations of new sensory 

input to a motor response (Geng & Vossel, 2013). Geng and colleagues (2013) 

further proposed that attention reorienting is prioritized through the dorsal 

attention network. 

On the other hand, a set of brain regions termed the default network are 

found to be active during spontaneous and goal-directed internal mentation 

subserving internally directed cognition (Andrews-Hanna, 2012). A further 

possible but opposing function proposed for the default network is based on the 

“sentinel hypothesis” that suggests monitoring the external environment for 

important events (Raichle et al., 2001). Recent evidence (Spreng, Sepulcre, 

Turner, Stevens, & Schacter, 2012) suggest that the default (internally directed 

cognition) and dorsal attention networks (externally directed cognition) are 

modulated by the fronto-parietal network, which acts as a gate-keeper in goal-

directed cognition. The role of the fronto-parietal brain network is central in 

cognitive control as it flexibly couples with the default and/or the dorsal attention 

networks mediating communication between these areas. Cole and colleagues 

(2013) recently demonstrated that the fronto-parietal network has widely 

distributed patterns of connectivity throughout the brain and these patterns shift 

across a variety of task states and novel tasks facilitating adaptive task 

performance. 

The executive mechanism enables the selection of actions in accordance 

with internal plans and goals. It has been suggested that the alerting network 
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inhibits whereas the orienting network positively influences the executive 

function network, and that faster orienting is facilitated under alertness (Callejas, 

Lupiáñez, & Tudela, 2004). This system is subserved by the PFC, although its 

exact architecture is unclear (Miller & Cohen, 2001). The PFC is associated with 

a number of functions in the brain, as for example contextual control which is 

partly mediated by caudal LPFC regions and plays a role in the selection of 

premotor representations in relation to external contextual signals (Koechlin, 

Ody, & Kouneiher, 2003). It is also found that the lateral PFC, in conjunction 

with the ACC, are target areas of the mesocortical DA system (Raz & Buhle, 

2006b). The dorsal ACC activates in conflict tasks whereas the rostral ACC is 

activated following error production. 

The PFC is the primary source of top-down biasing of behaviorally 

relevant signals in the brain through conditional associations (Desimone & 

Duncan, 1995). This system is thought to modulate processes related to GD 

behavior by orchestrating and actively maintaining representations of goals as 

well as ‘instructions’ of achieving these goals, by adjusting the flow of activity in 

various neural areas in the brain (Miller & Cohen, 2001). A prerequisite for 

cognitive control is knowledge of both internal and external states and the ability 

to communicate these states to different areas in the brain. It is important to note 

that the involvement of the executive system in the control of behavior usually 

decreases with repeated presentation of the task (Rabbitt, 1997). The basis of 

sensory input is found to be the lateral and mid-dorsal PFC, whereas the dorsal 

PFC is responsible for motor outputs. Furthermore, the orbital and medial PFC is 

closely linked with areas related to memory as well as processes related to 

internal states. Furthermore, the right dorsolateral PFC and inferior parietal areas 

in the right hemisphere are found to play a role in response inhibition, whereas 

areas in the cingulate have a central involvement in more demanding inhibitory 

processes. For example, in Garavan et al. (2002) it was found that during slow 

ongoing target response speeds, inhibition of response was delivered by the rPFC 

whereas in tasks requiring fast response speeds inhibition was executed by the 

ACC. Behavioral adjustment in response to errors was associated with activation 

of the left dorsolateral PFC, an area found to be involved in the maintenance of 

appropriate task sets. It was speculated that the lPFC is implicated in tasks that 

depend on maintaining tonic rather than phasic inhibitory acts for overcoming 
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interference (Garavan, Ross, Murphy, Roche, & Stein, 2002). Overall, increasing 

neuropsychological evidence propose a central role of the PFC in goal-directed 

behavior and top-down control via biasing competition in brain areas associated 

with task performance and creating and maintaining task rules and maps that in 

turn favor sensory input, memories and motor output via conditional associations 

(Miller & Cohen, 2001). 

A number of studies have attributed a significant role for the PFC in 

sustaining activity while faced with distraction. Sustained activation of the PFC 

can be seen between the presentation of a cue and the corresponding response 

and is usually found to be associated with a specific type of information as for 

example information about the stimulus or with information related to reward 

and stimulus-response associations (Miller & Cohen, 2001). This important 

function of the PFC allows for the maintenance of activation and task memories 

when faced with distraction. Earlier studies of patients with PFC lesions (Woods 

& Knight, 1986) suggest a role of the right PFC in sustaining attention over long 

inter-stimulus intervals (ISIs), and a partial role in attending to left ear inputs as 

well as the filtering of stimulus inputs from the right ear. PFC controls auditory 

input, contributes in the early filtering of task-irrelevant stimuli and therefore 

plays a significant role in distractibility (Woods & Knight, 1986). 

 

Auditory Attention Mechanisms Indexed by ERP Measures 

 

A primary purpose of attention mechanisms is to filter and select motivationally 

relevant stimuli for processing by limited capacity decision-making systems. 

Some times this is internally driven to meet a current goal and sometimes events 

occur in the external world that merit a shift in attention. The capture of attention 

by novel stimuli in the environment and the ability to filter these into awareness 

and conscious experience is a mechanism that enables selective processing, and 

has been adapted to deal with the limited resources of the brain.  

 In the auditory modality, evidence of a stimulus driven mechanism in the 

auditory cortex is supported by ERP evidence such as the positive deflections 

observed at 20 ms and 50 ms after stimulus presentation (P20-P50 attention 

effect). A further component, the negative N1 wave (80-120 ms) is enhanced in 
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response to a deviant or novel sound and is possibly linked to a first-order 

change detection (Yago, Escera, Alho, & Giard, 2001). The N1 signal is larger in 

amplitude and prolonged in response to attended stimuli in comparison to 

ignored stimuli. Studies suggest that adaptation of the posterior N1 response is 

indicative of a preattentive gating mechanism responsible for determining to 

what degree novel unattended information enters awareness, whereas the anterior 

N1 response is involved in later analysis of the features of the object 

(Jaaskelainen et al., 2004). Deviances detected in the auditory modality elicit a 

later modality-specific negative deflection, that is frontocentrally, often right-

hemispheric distributed component of the ERP, the mismatch negativity (MMN). 

MMN is generated in the supratemporal area of the auditory cortex, and is 

thought to reflect second-order sensory memory-based deviance detection in 

acoustic energy and stimulus features. The latency of MMN is 150-200 ms 

(Escera, Yago, & Alho, 2001; Horváth, Winkler, & Bendixen, 2008; Naatanen, 

2001) and can be obtained from the difference between the ERPs elicited by 

standard and deviant stimuli during a passive oddball paradigm. 

Research suggests that the elicitation of the N1 and MMN components 

indicate the detection of new information by the preattentive system that may 

require conscious processing. The elicitation of MMN can be decreased after 

repeated presentation of a stimulus. Stimuli close to the discrimination threshold 

generate a small MMN that decreases in latency and overlaps with the N1 

component when the deviation in pitch increases. In contrast, the amplitude and 

latency of the N1 wave remains constant in relation to the degree of deviance 

(Sams et al., 1985). These findings suggest that in the absence of attention, the 

features of the physical stimulus are still fully processed and the MMN marker is 

a robust measure of perceptual discrimination. Jääskeläinen and colleagues 

(2004) showed evidence that the MMN and N1 responses are generated by 

independent sources in the auditory cortex and that MMN emerges from 

stimulus-specific adaptation of N1 activity. They further suggested that sound 

frequency is broadly coded within neurons in the anterior auditory cortex and 

that this area plays a significant role in delaying processing of sounds of low 

novelty. On the other hand, sounds of high novelty value become conscious via 

processing by the posterior auditory cortex, where they stimulate feature-specific 

neurons that have not been adapted (Jaaskelainen et al., 2004). 
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Earlier studies have also identified a slow endogenous negative ERP 

component overlapping with the beginning of the exogenous N1 component, 

called processing negativity (PN; (Pang & Fowler, 1999)). It has been proposed 

that the negative difference (Nd) between the ERPs of attended and unattended 

sounds is made of an early component arising at the N1 latency and a later 

frontally distributed component usually peaking at 300 to 400 ms from the 

beginning of the sound (Hansen & Hillyard, 1980). PN is thought to reflect a 

gradual process of comparing selected attended stimuli to the cortical 

representation of the features of the stimuli to be attended, called attentional trace 

(Pang & Fowler, 1999). The attentional trace is thought to be generated in the 

auditory cortex by repetition of the attended sounds and therefore, ERPs of 

attended and unattended sounds do not differ for the initial stimuli of a task or for 

stimuli presented after long intervals. This active repetition of the attentional 

trace is possibly reflected by the later Nd generated by the later component of the 

PN, conceivably originating in frontal and parietal cortical areas (Pang & Fowler, 

1999). 

Conscious detection of changes in the acoustic energy is associated with 

autonomic activation that causes the distraction effect followed by activation of 

frontal generators, underlying attention switching towards the detected 

irregularity in the environment, possibly for further processing and subsequent 

action (Naatanen, 1990; Schroger, Giard, & Wolff, 2000). As the degree of 

deviance increases, orienting of attention is depicted in a modality-independent 

positive component of the ERP, the novelty P3 or P3a, which usually peaks at 

about 300 ms after the onset of the novel or deviant auditory stimulus, and is 

maximal over the central and frontal scalp areas (Barcelo, Escera, Corral, & 

Perianez, 2006; Friedman, Cycowicz, & H, 2001; Sams et al., 1985; Sussman, 

Winkler, & Schroger, 2003). Data suggest that the P3a response relates to frontal 

focal attention and working memory and it is mediated by dopaminergic activity 

(for a review see Polich, 2007). P300 potentials are usually evoked by infrequent 

stimuli and reflect stimulus novelty and meaning. In tasks where participants are 

instructed to ignore stimuli while engaging in a task, infrequent tones are found 

to elicit an automatic P3a response (Naatanen, 1990). The amplitude of the 

novelty P3 is found to reduce overtime (usually in the second half of an 

experiment) and thus reflect habituation of the orienting response (Debener, 
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Kranczioch, Herrmann, & Engel, 2002). However, Holdstock and Rugg (1993) 

found that the P3a is not elicited when rare non-target tones are presented among 

novel sounds. Furthermore, they suggested that the P3a does not directly reflect 

the orienting response, as they failed to observe habituation of the response, but 

processes leading to the orienting of attention. 

The early fronto-central P300 deflection in response to rare novel sounds, 

the novelty P3, is followed by a later parietally distributed P3b deflection in 

response to detected target tones that match with the previously formed 

attentional trace of target stimuli (Holdstock & Rugg, 1993). The P3a and P3b 

components are considered as facets of the same P300 component. While P3a 

indicates attention switching elicited by unusual, unattended stimuli, the P3b 

component or target P3, has been observed in situations that infrequent but 

relevant to the task stimuli are presented, and has been associated with context 

updating (Escera, Alho, Schroger, & Winkler, 2000). The amplitude of the P3b 

component does not habituate within an experimental session (Debener et al., 

2002). This component, the passive P300 elicited in passive attend conditions as 

a result of differences in pitch between frequent and rare tones, is thought to 

reflect further processing. It has been demonstrated that the P300 response to 

novel sounds is elicited both when participants are passively attending sequences 

of stimuli and when these are ignored while attention is being focused on another 

task. Under these conditions, the novelty P3 is of larger amplitude in the passive 

condition, distributed maximally over centro-parietal sites, whereas in the ignore 

condition it is maximal over central sites (Holdstock & Rugg, 1995). An 

explanation of these results is proposed by the response-inhibition model (RIM) 

according to which the novelty P3 is thought to reflect an inhibitory process of 

an early initiated response (Goldstein, Spencer, & Donchin, 2002). Finally, 

studies indicate that theta and alpha band activity may control the relationship of 

the P3a to attention and the P3b to memory processing, suggesting a possible 

explanation of the mechanisms of these neuroelectric signals (Polich, 2007). 

A later negative deflection occurring at around 500 ms after the stimulus 

onset, the reorienting negativity (RON), has been associated with turning 

attention back to a primary task after distraction (Schroger & Wolff, 1998). 

Similar to P3a, the RON component also has generators partly located in 

prefrontal areas of the cortex (Corbetta et al., 2008; Escera et al., 2000). Recent 
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studies suggest that RON might reflect an attentional process on the level of the 

central executive related to operations of working memory (Munka & Berti, 

2006). More recent studies have informed of two separable subcomponents of 

RON; an early task-specific attempt to focus attention after distraction and a later 

component related to allocating attention to the primary task (Berti, 2008). 

There are therefore several markers of distinct attention processes and 

stages of attention operation. Notably, converging evidence so far suggest the 

existence of distinct neural populations (networks) each equipped with intrinsic 

flexible connections that dynamically adapt to communicate with different brain 

areas in order to serve different cognitive functions. Flexibility and adaptability 

appear to be central properties of the brain, which afford limited capacity 

resources. Further to this idea is the notion of plasticity that is increasingly found 

to play an important role in brain function. Nevertheless, more research is needed 

to fully understand these mechanisms and to provide links between changes at 

the synaptic level and global properties of networks involved in cognitive 

functions. The review of the literature alludes to a shift towards adopting a 

dynamic approach in the investigation of these phenomena. 

 

Nicotine & Cognitive Function 

 

Understanding the nature of attentive processes in the brain is very important for 

the development of successful pharmacological interventions for clinical 

populations suffering from disorders that impair attention, for example attention 

deficit hyperactivity disorder (ADHD), schizophrenia, Alzheimer’s disease or 

acquired neurological impairments such as head injury or stroke. A vast body of 

research has utilized cholinergic drugs as a method of enhancing performance, 

particularly GD orienting. On the other hand, noradrenergic drugs are found to 

modulate SD alerting (Corbetta & Shulman, 2002). One promising area of 

research utilizes nicotine administration as an effective method for alleviating the 

unwanted effects of these disorders. Nicotine is consistently found to have an 

effect on cognitive function both in pathological states as well as healthy 

individuals (Baschnagel & Hawk, 2008; Evans & Drobes, 2008; Kumari et al., 

2003). The enhancing effects of nicotine on cognition and particularly on 
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cognitive deficits are often attributed to its effects on nicotinic cholinergic 

systems. Central nicotinic systems are vital in a range of different brain functions 

as for example learning, memory and cognition. However, studies show that 

nicotine can also have a number of direct and indirect effects on a number of 

neuroregulatory systems (for a review see Pomerleau & Rosecrans, 1989). Many 

disorders, such as schizophrenia and ADHD, are related to multiple 

neurotransmitter systems including DA. For example, research in schizophrenia 

patients suggests that nicotine induced mesolimbic dopaminergic activity might 

improve attention and environmental engagement (as cited in Kumari & Postma, 

2005). Also, theories on the function of dopaminergic signaling suggest that 

expectation plays a crucial role on how we respond to rewards (including 

rewards from reinforcing drugs such as nicotine). 

Most studies have explored these effects in adult smokers, after short 

periods of abstinence, usually between 8 and 24 hours. However, nicotine 

induced improvement of attentional function has also been observed in the 

absence of withdrawal symptoms, in adults who have never smoked, using 

nicotine patches (Baschnagel & Hawk, 2008; Hendricks, Ditre, Drobes, & 

Brandon, 2006; Kumari et al., 2003). Nicotine is best absorbed from the lungs 

and is rapidly distributed through the bloodstream. The fastest route of delivery 

is via arterial blood and after inhalation it takes approximately 10-20 seconds to 

reach the brain (Le Houezec, 2003). It has been found that the first withdrawal 

signs of the drug emerge as early as 30 minutes after nicotine administration 

(Hendricks et al., 2006). The estimated half-life of nicotine is two hours and is 

excreted unchanged by the kidneys, and metabolized by the liver into the 

principal metabolite cotinine. However, due to the accumulation of nicotine 

during smoking, the drug would persist at significant levels for several hours 

after the last intake (Benowitz, Jacob, Jones, & Rosenberg, 1982; Meyer & 

Quenzer, 2005; Thiel, Zilles, & Fink, 2005). Nicotine abstinence has been 

associated with decrements in cognitive performance, heart rate and EEG 

activation and these effects are more pronounced in high stress compared to low 

stress conditions (Gilbert et al., 2004). Furthermore, in high stress conditions, 

individuals with high dependence and trait depression demonstrate greater EEG 

deactivation after nicotine abstinence particularly in the right hemisphere. 
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Nicotine effects are linked with nicotine’s action on nicotinic cholinergic 

receptors (nAChRs) in the brain, facilitating the release of Ach and a number of 

other neurotransmitters. For example, evidence from animal studies confirm that 

nicotine increases frontal cortical ACh release (Tani, Saito, Imoto, & Ohno, 

1998). It has been suggested that genetic variability in nicotinic receptor numbers 

plays a role in the development of tolerance and sensitivity towards nicotine 

(Breese et al., 1997). Positron emission tomography (PET) studies in humans 

show that the highest number of nicotine binding sites is at frontal, cingulate and 

insular lobes and in the thalamus and basal ganglia (as cited in Kumari & 

Postma, 2005). Also, evidence from fMRI studies suggest that nicotine increases 

activity in the frontal lobes and the cingulate. Comparison of post-mortem brains 

of smokers, non-smokers and ex-smokers, provides evidence that smoking 

increases the number of nicotinic receptors in the hippocampus and thalamus 

whereas these numbers decrease after quitting smoking for at least two months, 

and the effects are dose dependent (Breese et al., 1997). Although the structure 

and function is common in all nAChRs, some receptors bind nicotine with higher 

affinity than others. Further studies have identified such structures in the brain 

including the cerebral cortex, striatum, as well as the substantia nigra, VTA, LC 

and the raphe nuclei (Meyer & Quenzer, 2005). Furthermore, cholinergic 

influences via the pedunculopontine nucleus (PPN) play an important role in the 

modulation of sensory input. Nicotine is found to reduce the response of PPN 

neurons elicited by unexpected sounds, suggesting that some PPN neurons 

express nAChRs (Mamiya, Buchanan, Wallace, Skinner, & Garcia-Rill, 2005). 

Besides stimulating nAChRs, nicotine is also associated with increasing 

dopaminergic neuron activity in the mesolimbic system causing the release of 

DA in the nucleus accumbens (see Figure 2). 
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Note. From “Physiology of behavior”, by Damsma, G., Day, J., and Fibiger, H. C. European Journal of Pharmacology, 

1989, 168, 363-368. 

Figure 2. Changes in dopamine concentration in the nucleus accumbens, 

measured by microdialysis, in response to injections of nicotine or saline. The 

arrows indicate the time of the injections. 

Nicotinic receptor systems are underlined in many behavioral and 

cognitive functions particularly in attentional performance (Newhouse, Potter, & 

Singh, 2004). Cognitive enhancement after nicotine administration has been 

observed both in pathological states such as ADHD, schizophrenia and 

Alzheimer’s disease, and healthy subjects, withdrawn smokers and never-

smokers. For example, in patients with ADHD, nicotine is found to improve 

behavioral performance by decreasing RTs and RT variability across trials, 

indicating an improvement in sustained attention (Levin, Wilson, Rose, & 

McEvoy, 1996). Furthermore, it is found that overnight abstinence from nicotine 

in individuals with ADHD impairs performance as indicated by more variable 

RTs and increased errors of commission (McClernon et al., 2007). Studies on 

schizophrenia patients who smoke, have shown a reduced level of nicotinic 

receptor upregulation in the cortex and caudate, as compared to control subjects, 

suggesting impairments in cholinergic modulation of DA neurotransmission 

(Breese et al., 2000). Application of transdermal nicotine patches in 

schizophrenia patients who smoke and non-smokers, is found to transiently 
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correct the diminished gating response of the P50 auditory-evoked potential in 

the EEG (Newhouse et al., 2004). Furthermore, studies in normal aging as well 

as Alzheimer’s disease suggest that nicotine administration augments cholinergic 

neurotransmission, alleviating the cognitive symptoms associated with 

disturbances in cholinergic function due to reduced choline acetyltransferase and 

ACh synthesis in the brain (Sahakian, Joyce, & Lishman, 2009). 

Studies in healthy subjects yield similar results. In a recent study on adult 

non-smokers with low and high attentiveness, nicotine administration improved 

some measures of sustained attention in the low attention group, whereas in the 

high attention group a decrement in working memory was observed suggesting 

optimization of performance after nicotine administration (Poltavski & Petros, 

2006). Further studies also suggest nicotine induced cognitive enhancement in 

both smokers and never-smokers (Foulds et al., 1996) in contrast with findings 

that suggest a more general improvement due to the alleviation of the withdrawal 

symptoms (Kalman, 2002). These findings are also supported by EEG studies 

that suggest cortical EEG changes consistent with increased arousal and attention 

both in smokers and non-smokers (Knott, Bosman, Mahoney, Ilivitsky, & Quirt, 

1999). Another finding giving support for the positive effects of nicotine on 

attentional processing suggests an enhancement of the N1 potential that has been 

associated with processing of the stimulus set (Hillyard, Hink, Schwent, & 

Picton, 1973) and decrements in magnitude of the P2 potential possibly due to 

habituation to irrelevant stimuli (Knott et al., 1999). Also, studies of tobacco 

smoking show that the amplitude of the P300 component increases and its 

latency decreases following smoking (Knott, Kerr, Hooper, & Lusk-Mikkelsen, 

1995). These effects are relative to the amount of nicotine intake and nicotine 

level which in turn depend on each individual’s metabolic clearance of the drug 

(Benowitz et al., 1982). 

 

Personality Traits & Attention 

 

Personality is a term that refers to individual differences in psychological 

dispositions (tendencies) and combines the attitudes, emotions and response 

patterns of an individual. Personality has been traditionally described in terms of 
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‘traits’, which are thought to reflect enduring dispositions of behavior or 

emotions also encoded in language, valid across a wide variety of cultures and 

across different generations and developmental epochs. Behavior-genetic studies 

suggest that personality traits have a genetic component. However personality 

processes and development might also be affected by environmental as well as 

physiological factors. Five prime trait dimensions have been identified to account 

for the personality variance in normal and pathological states. These are 

Neuroticism, Extraversion, Openness, Agreeableness and Conscientiousness, 

usually measured with the NEO Five Factor Personality Inventory (NEO FFI) 

developed by Costa and McCrae (Costa & McCrae, 1989). 

Eysenck (1967) suggested a link between certain personality dimensions 

and brain functioning. For example he proposed that the dimension of 

extraversion-introversion is a behavioral expression of the brain’s chronic level 

of physiological arousal or excitation and it is regulated by the RAS. Based on 

this notion he proposed that extroverts need more external stimulation, as they 

are less cortically aroused than introverts and vise versa. Eysenck also suggested 

that the physiological structures relating to the dimension of neuroticism 

correspond to parts of the limbic system involved in emotional and motivational 

processes and the control of the autonomic nervous system reactivity (‘fight or 

flight’ response), that he called the ‘Visceral brain’. Although Eysenck’s theory 

has been very influential and generated a significant amount of research on the 

physiological correlates of personality traits, further theoretical developments 

(Gray, 1981) have attempted different explanations of these processes. 

Gray’s theory of personality, now widely known as reinforcement 

sensitivity theory (RST), is largely based on Eysenck’s earlier model (Eysenck, 

1967) . Gray argues that in order to explain personality in terms of underlying 

brain systems, it is more appropriate to combine certain dimensions. For 

example, he proposed that extraversion and neuroticism could be better described 

as impulsivity, whereas anxiety corresponds to the combination of neuroticism 

and introversion. Gray suggested that the individual’s position on a certain 

combination of dimensions reflects the strength of specific brain mechanisms 

that he identified as the ‘behavioral approach system’ (BAS), corresponding to 

the combination of neuroticism and extraversion, and the ‘behavioral inhibition 

system’ (BIS), which corresponds to the combination of neuroticism and 
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introversion. Specifically, the BAS is sensitive to reward signals and can 

facilitate any actions that could potentially have rewarding but also beneficial 

outcome for the organism, whereas the BIS is sensitive to signals of punishment 

and novelty and therefore inhibits response to these stimuli. The prime role of the 

BIS is to enable the organism to monitor the environment for potentially 

threatening events and interrupt its ongoing activity depending on the demand for 

behavioral action imposed by the incoming stimulus. 

RST aims to identify the underlying brain-behavioral systems that give 

rise to different patterns of behavior and to relate these variations to identified 

measures of personality (Gray & McNaughton, 2000). Personality is thought to 

emerge from the inherent variation of these brain-behavioral systems. The 

revised RST (McNaughton & Corr, 2004) proposes three systems for emotion 

processing. First, the fight-flight-freeze system (FFFS) involves sensitivity to 

unconditioned and conditioned aversive stimuli and mediates the emotion of fear. 

The FFFS is associated with fear-proneness and avoidance and clinically 

associated with phobias and panic disorders. Second, the BAS involves 

sensitivity to conditioned and unconditioned reward stimuli and mediates the 

emotion of anticipatory pleasure. This system is associated with impulsivity, 

optimism and reward-orientation and is clinically associated with addictive 

behaviors or mania. Finally, the BIS is proposed to play a role in the resolution 

of conflict between the FFFS (avoidance) and the BAS (approach) but also in 

situations of avoidance-avoidance and approach-approach conflicts, in order to 

enable the organism to reach an optimal state of non-conflict. The BIS acts as an 

alerting mechanism for the organism, signaling the need to engage in risk 

assessment processes using the emotional response of anxiety and worry. This 

system is associated with the personality dimension of anxiety-proneness and 

anxious rumination (Moore, Mills, Marshman, & Corr, 2012) and clinically 

associated with generalized anxiety disorders and obsessive-compulsive disorder 

(OCD). However, decreased activation of the BIS might lead to risk seeking 

behaviors, associated with conditions such as psychopathy. 

Findings from EEG studies have shown that a high score in Neuroticism 

and low scores in Extraversion, Openness, Agreeableness and Conscientiousness 

traits accompanied by reduced P3 amplitudes of the auditory ERP, are linked to, 
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or suggest a risk for psychiatric morbidity (as cited in Gurrera, O'Donnell, Nestor 

& Gainski, 2001). In healthy volunteers it is also found that P3 amplitudes are 

related to these personality dimensions (Gurrera et al., 2001). For example, it has 

been observed that introverted volunteers demonstrate higher P3 amplitudes than 

extroverted volunteers, however findings are quite inconsistent possibly due to 

extroverts habituating to repetitive stimuli faster than introverts. Furthermore, 

evidence from studies comparing never smokers to smokers on the five basic 

personality traits using the NEO FFI personality inventory (Costa & McCrae, 

1989), show that smokers score lower on Conscientiousness and higher on 

Neuroticism than never smokers whereas former smokers score intermediate on 

Neuroticism and Conscientiousness (Terracciano, Lockenhoff, Crum, Bienvenu, 

& Costa, 2008). 

 

Cognitive Performance & Anxiety 

 

Cognitive performance and anxiety have a reciprocal relationship. Although 

cognitive performance is found to depend on anxiety levels, impairments in 

attentional processing are also found to contribute to the development and 

maintenance of anxiety (Coombes, Higgins, Gamble, Cauraugh, & Janelle, 

2009). Anxiety is characterized as a state of worry for possible threats associated 

with current goals and its effects can be confounding for cognition and 

performance, sometimes seriously compromising the day-to-day living of 

affected individuals (Eysenck, Derakshan, Santos, & Calvo, 2007). A widely 

used instrument for measuring anxiety in psychological research is the State-

Trait Anxiety Inventory (STAI; (Spielberger, Gorsuch, Lushene, Vagg, & 

Jacobs, 1983)). State anxiety refers to the levels of anxiety currently experienced 

by an individual whereas Trait anxiety is a more broad measurement of global 

anxiety-related qualities. STAI is composed of 20 questions measured in a 4-

point Likert scale including different dimensions of anxiety as for example 

apprehension, tension, nervousness and worry. Within the context of the present 

thesis, the effects of anxiety will be discussed in relation to cognitive 

performance of healthy individuals in experimental settings. 
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Research in this area suggests that anxiety alters the neural circuitry 

between the amygdala and PFC, biasing responses to threat-related stimuli 

(Bishop, 2007). Anxiety is usually associated with increased behavioral costs, as 

indicated by slower RTs and increased number of errors in response to stimuli 

simultaneously presented with threat-related and irrelevant to the task 

information (Bishop, 2007). According to the attentional control theory presented 

by Eysenck et al. (2007), anxiety affects processing efficiency, rather than 

performance effectiveness. Specifically, anxiety affects the balance between 

attentional systems by increasing the influence of the SD system while at the 

same time decreasing the influence of the GD system. Anxiety is thought to 

increase the automatic processing of threat-related stimuli, as for example 

distracting stimuli presented during a goal-task, compromising the influence of 

the GD system. This imbalance impairs attentional control including the 

inhibition, shifting and updating functions (Eysenck et al., 2007). 

These functions depend on operations of the central executive and is 

suggested that highly anxious individuals make enhanced use of resources in 

order to achieve comparable performance to that of less anxious individuals. 

However, although increased effort is found to compensate for the effects of 

anxiety on performance effectiveness, this strategy does not apply in the case of 

processing efficiency. Attentional control theory (Eysenck et al., 2007) suggests 

reduced inhibitory control on task irrelevant stimuli, especially when these are 

threat-related compared to neutral distractors. It has been previously found 

(Bishop, Duncan, Brett, & Lawrence, 2004) that individuals with high state 

anxiety demonstrate decreased capacity for attentional control as indicated by 

decreased activation of the lateral PFC in contrast to individuals with low scores 

in state anxiety. It has also been found that in highly anxious individuals motor 

efficiency is impaired due to increased SD attentional control, whereas motor 

effectiveness is unimpaired (Coombes et al., 2009). 

Research on the effects of nicotine on mood and cognition also contribute 

to the evidence discussed so far. For example, anxious and depressed mood have 

been shown to be significant individual predictors of withdrawal intensity 

(Morrell, Cohen, & al'Absi, 2008). Nicotine administration in minimally 

deprived individuals has been associated with decreased observer ratings of 

anxiety and subject ratings of irritability (Newhouse et al., 2004). Also, smoking 
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rates amongst people with anxiety related disorders are particularly high 

suggesting that nicotine possibly plays a role in managing the symptoms of 

anxiety with smoking (McCabe et al., 2004). However, based on supportive 

evidence (McCabe et al., 2004; Parrott, 1998; Picciotto, Brunzell, & Caldarone, 

2002; Terracciano et al., 2008), nicotine is consistently found to contribute to 

stress, negative affect, anxiety and depressive disorders and these symptoms are 

significantly reduced following nicotine cessation. This suggests that chronic use 

is associated with adaptations to nicotine that contribute to increased anxiety and 

depressive symptoms following nicotine withdrawal (Picciotto et al., 2002). 

It has been shown that the effects of nicotine on anxiety related 

conditions are a result of nAChR activation, which modulates brain areas 

associated with the stress response. However, these effects are dependent on the 

dose, the route and the time course of nicotine administration, factors that 

determine whether the effects are anxiolytic or anxiogenic. A number of animal 

studies have suggested that the possible areas involved in nicotine’s anxiogenic 

and anxiolytic actions include the lateral septum, the dorsal raphe nuclei, the 

mesolimbic DA system and the hippocampus (Picciotto et al., 2002). 

An interesting hypothesis put forward by Kassel (1997) suggests that 

nicotine’s stress-reducing effects may result from its action in reducing attention 

to internal states that could cause stress or tension. Based on this framework, it is 

further proposed by the authors that although nicotine is a stimulant that 

promotes autonomic arousal, it may act to reduce stress by enhancing attention 

re-allocation processes (Kassel, 1997). As it becomes apparent, there are still 

many challenges to overcome in the study of anxiety and its debilitating effects 

on behavior. Also, it is important to consider the affective consequences nicotine 

has when examining cognitive processes such as attention. 

 

Aims and Hypotheses of the Present Thesis 

 

The first aim of the present research is to test the hypothesis that specific patterns 

of brain electrical activity mark the activation of previously identified GD and 

SD cortical attention networks (Corbetta et al., 2008). The second aim is to test 

the hypothesis that withdrawal from nicotine alters the relationship between SD 
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and GD attention networks. Ultimately this research aims to allow visualizing 

both the neurological basis of the signals as well as the dynamics of the signals 

using combined EEG/fMRI methods. 
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CHAPTER 2: IMAGING METHODS 

EEG 

Basic Principles 

 

“Mental chronometry” is a term that refers to the temporal organization 

of mental events that are traditionally measured by recording and averaging RTs 

during simple cognitive tasks (Meyer, Osman, Irwin & Yantis, 1988). However, 

this method is insufficient for understanding all the stages involved in 

information processing. Current methods used for dissecting and extracting 

timing information of events in the brain combine the chronometric paradigm 

(i.e., RT measures) with cognitive psychophysiology (Meyer et al., 1988). 

Specifically, a promising area of research utilizes the recording and measurement 

of neural activity using EEG, as a method to study the various phases of 

information processing. The EEG can detect and record electrical potential 

activity produced by large populations of neurons that synchronously activate 

and are associated with different behavioral states (Gazzaniga et al., 2002). 

Filtered signal-averaged epochs of EEG, time-locked to the onset of a stimulus 

(internal or external) are called ERPs. ERPs are post-synaptic potentials evoked 

by discrete stimuli, such as sensory stimuli, and are recorded from electrodes 

placed on the surface of the head measuring scalp voltage in microvolts (V; 

Rosenzweig, Breedlove, & Leiman, 2002). ERP waveforms are recorded over 

time in the order of milliseconds (ms), thus providing an accurate time series 

map of when information is processed in the brain (Picton et al., 2000). 

Usually ERPs are recorded from several electrode sites on the scalp also 

informing of the spatial properties of the data, although this information is 

limited. This limitation is attributable to the enormous complexity of neuronal 

generators as well as to the properties of the volume conductor (e.g., skull, 

cerebrospinal fluid) through which signals travel (Gazzaniga et al., 2002). The 

number of electrodes typically used for clinical purposes is 19 but for research 

purposes this number varies depending on the information required and can 

typically range from 32 to 256 electrodes. An internationally recognized method 

for electrode placement on the scalp has been developed to ensure that the 
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procedure is reproducible and provides a consistent basis for data comparison 

across studies and laboratories. Figure 3 shows the international 10-20 system 

commonly used for electrode placement (Malmivuo & Plonsey, 1995). 

 

 

Note. From Bioelectromagnetism (p. 258), by J. Malmivuo and R. Plonsey, 1995, New York: Oxford University Press. 

Copyright 1995 by Oxford University Press. 

Figure 3. International 10-20 system of electrode placement. 

 

Classification of EEG signals and rhythms 

 

Measurements of changes in potential recorded from the scalp reflect 

postsynaptic potentials and are generated by neurons in the cortex but also from 

neurons in subcortical areas (Gazzaniga et al., 2002). EEG signals range between 

0.01 to 100 Hertz (Hz) in frequency and typically 100 V in amplitude. 

However, in pathological situations such as epileptic seizures, EEG amplitude 
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could reach 1 millivolt (mV). Figure 4 shows the normal EEG frequency 

spectrum (Malmivuo & Plonsey, 1995).  

 

Note. From Bioelectromagnetism (p. 257), by J. Malmivuo and R. Plonsey, 1995, New York: Oxford University Press. 

Copyright 1995 by Oxford University Press. 

Figure 4. Normal EEG frequency spectrum. 

 

The main patterns of brain oscillations identified and classified are the 

delta () ranging from 0.1 to 4 Hz, the theta () ranging from 4 to 7 Hz, the mu 

wave ranging from 8 to 13 Hz, the alpha () ranging from 8 to 12 Hz, the beta 

() that ranges from 12 to 30 Hz, and the gamma () ranging from 25 to 100 Hz. 

Figure 5 shows a graphic representation of different patterns of brain 

oscillations in the EEG (Malmivuo & Plonsey, 1995). 
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Note. From Bioelectromagnetism (p. 263), by J. Malmivuo and R. Plonsey, 1995, New York: Oxford University Press. 

Copyright 1995 by Oxford University Press. 

Figure 5. Patterns of brain oscillations in the EEG. 

 

EEG Artifacts 

 

An EEG recording is sensitive to contamination by biological and environmental 

artifacts. These artifacts can be cardiac, muscular, eye-induced, skin potentials or 

caused by poor grounded electrodes or interference of other sources such as 

electrical sources and environmental noise. Figure 6 demonstrates some types of 

artifacts (Luck, 2005a). 
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Note. From An Introduction to the Event-Related Potential Technique (p. 164), by S. Luck, 2005a, Massachusetts: The 

MIT Press. Copyright 2005 by The MIT Press. 

Figure 6. Types of artifacts of an EEG recording. 

 

Artifacts can largely decrease the signal to noise ratio of the average ERP 

waveforms, as their amplitude is much larger than normal ERPs. Moreover, 

some instances of artifacts are systematic in nature and therefore it is not possible 

to eliminate them during the averaging process. It is therefore very important to 

eliminate these sources of interference, as much as possible, at the time of 

recording. Two methods are mainly used for removing artifacts in the recorded 

EEG. Artifact rejection is the process of inspecting single trial epochs and 

rejecting those trials that are contaminated by artifacts. Artifact correction is the 

process of estimating the overall contribution of artifacts in a recording and 

subtracting it away from the ERPs. Both methods are based on computer 

algorithms with predefined thresholds used to determine which trials contain 

artifacts (Luck, 2005a). These procedures can be fully automated or semi-

automatic also requiring input from a trained experimenter. 
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From EEG to ERPs 

 

A continuous EEG recording reflects global brain electrical activity, thus it 

provides limited information about the various underlying cognitive processes. A 

prominent method of extracting activity in response to a particular task is based 

on the simple principle of averaging, over several trials, evoked responses from 

the global EEG, time-locked to the presentation of stimuli, or the onset of a 

response (Gazzaniga et al., 2002). By averaging a number of epochs, background 

activity not time-locked to the presentation of stimuli tends to cancel out 

revealing the responses related to stimulation. Figure 7 and Figure 8 

demonstrate an averaged signal following the presentation of auditory and visual 

stimuli (Altenmuller, Munte, & Gerloff, 2005; Hillyard, 1993a). 

 

 
Note. From “Electrical and Magnetic Brain Recordings: Contributions to Cognitive Neuroscience”, by S. A. Hillyard, 

1993, Current Opinion in Neurobiology, 3, p. 218. Copyright 1993 by Current Biology Ltd. 

Figure 7. A characteristic averaged auditory ERP waveform in response to 

repeated auditory stimulation. Waves I-VI are generated in the brainstem and the 

later negative (N) and positive (P) waves are generated in regions of the primary 

and secondary auditory cortex. 
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Note. From “Neurocognitive Functions and the EEG”, by E. O. Altenmuller, T. F. Munte, and C. Gerloff. In Ed. E. 

Niedermeyer and F. L. Da Silva, “Electroencephalography: Basic Principles, Clinical Applications, and Related Fields, 

2005, p. 663. Copyright 2005 by Lippincott Williams and Wilkins. 

Figure 8. Visual (A) and auditory (B) ERPs. 

 

Technical and Design Aspects of ERP Studies 

 

The evaluation of ERPs can be performed both in the frequency and time 

domains. Both procedures abide to predefined sets of rules and guidelines 

developed to ensure standardized interpretation, reproducibility and comparison 

of data. The present section is concerned with guidelines for the evaluation of 

ERPs recorded in the time domain (Picton et al., 2000; Luck, 2005b). 

 An ERP waveform plots voltage changes in time and its components 

consist of exogenous (or evoked) potentials that are associated with obligatory 

responses linked to the physical characteristics of an external event, as well as 

endogenous potentials that are associated with information processing actions in 

the brain that may, or may not be related to the eliciting event (Picton et al., 
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2000). However, Picton and colleagues (2000) further delineated this distinction, 

indicating that the term ERPs refers to both evoked and emitted potentials, where 

the former includes either exogenous or endogenous potentials, or both, whereas 

the latter strictly includes endogenous potentials that occur independently of 

specific evoking events. ERP waveforms consist of the summed activity of 

independent (or relatively independent peaks) and latent components, however, 

the relationship between the two is somewhat ambiguous (Luck, 2005b). 

Luck (2005b) provided a set of rules that can be used as a framework when 

designing and interpreting ERP experiments. These rules (as described in the 

original text) are summarized in the following way. Traditional methods for 

measuring ERP waveforms select peaks and mean amplitudes or latencies, 

assuming that these measures reflect the characteristics of latent components. 

However, as clearly illustrated by Luck (2005b), peaks and components are not 

the same thing. Furthermore, the shape of an ERP waveform and the underlying 

latent components are not necessarily linked. Therefore it is not possible to 

accurately estimate the time course or peak latency of latent ERP components 

based on ERP waveforms. Another important point that requires attention when 

conducting ERP research is that comparison of experimental effects with raw 

ERP waveforms is a risky process because when measuring ERP waveforms, 

amplitude and latency can be confounded despite these being independent 

characteristics of latent components. Also, it is not always true that differences in 

peak amplitude are linked to differences in component size, and that differences 

in peak latency are linked to changes in component timing. Furthermore, Luck 

(2005b) clearly demonstrates that signal-averaging procedures used in ERP 

research might be limited, as averaging ERPs can distort the view of single-trial 

waveforms. He further proposes that a better method of measuring ERPs would 

be to measure the area amplitude than measuring the peak amplitude. 

A set of general principles and additional rules were also proposed. First, it 

was suggested that physical stimulus confounds or context confounds can be 

avoided with the use of the same physical stimuli across different psychological 

conditions and by ensuring that the context remains the same. However, when 

physical stimulus confounds cannot be avoided, it is advised that control 

experiments should be used to assess their plausibility. Further caution was 
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advised when comparing averaged ERPs that are based on different numbers of 

trials, as well as when the presence or timing of motor responses differs between 

conditions. Finally, it was suggested that experimental conditions should be 

varied within, rather than between trial blocks (Luck, 2005b). 

Luck (2005b) further suggested several strategies that can be used in order to 

avoid ambiguities when interpreting ERP components. He first proposed that 

focusing on one or two specific components helps to track variations more easily, 

unless if exploring the effects produced in a new paradigm where usually a more 

general overview of the different components may be more useful. When 

studying ERP components it is often helpful to examine well-characterized 

components in similar conditions to those previously studied. Furthermore, 

focusing on large components that are insensitive to distortions from other 

smaller components helps to produce more accurate measurements. A proposed 

method for isolating components is by creating difference waves. However this 

procedure also has limitations that must be considered (see Luck, 2005b). This 

method can be improved by focusing on components that are easy to isolate. 

Also, the use of component-independent experimental designs is strongly 

advised whenever possible. 

Finally, when conducting ERP research, it is very important to select an 

appropriate number of trials for each condition in order to be able to examine 

ERP components. The variation of this number depends on the size of ERP 

components and it is useful to study previous literature as a guide. Luck (2005b) 

proposed an estimate guide based on his previous work; 30-60 trials for large 

components (e.g., P3), 150-200 trials for medium-sized components (e.g., N2), 

and 400-800 trials for small components (e.g., P1).  

 

fMRI 

Basic Principles 

 

fMRI is an endogenous, Blood Oxygenation Level-Dependent (BOLD) contrast 

(Ogawa, Lee, Kay, & Tank, 1990) used to detect physiological responses related 
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to brain activation. This method is used to detect changes in the magnetic fields 

surrounding red blood cells that transmute from oxygenated (oxyhemoglobin 

(HbO2)) to deoxygenated (deoxyhemoglobin (Hb)) states during functional 

activation. This change is homologous with changes in the magnetic properties 

of the red blood cells (Noll, 2001). fMRI can detect activity of a large population 

of neurons providing excellent spatial resolution. However, the temporal 

response to neuronal activity takes 6-9 s to peak and 8-20 s to return to baseline 

levels (Noll, 2001). Figure 9 illustrates a typical response to neuronal activity. 

 

 

Note. From “A Primer on MRI and Functional MRI”, by D. C. Noll, 2001, p. 11. Copyright 2001 by University of 

Michigan. 

Figure 9. A typical temporal response to neuronal activity. 

 

 When neuronal activity increases due to a stimulus presentation, 

oxygenated blood concentration increases in the corresponding area increasing 

the intensity of the fMRI signal (Logothetis & Wandell, 2004), called the 

hemodynamic response function (HRF).  

 

Artifacts 

 

Several confounds may influence fMRI acquisition. MR images are collected one 

slice at a time, sequentially or interleaved, with a delay between slices (TR). A 

correction for timing errors is to shift the time of each slice in the time series 

using extrapolation. Another variable that could influence MR data is the 

movement of subjects in the scanner. Often, this problem can be corrected using 
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image realignment algorithms. Physiological artifacts, such as respiration and 

cardiac noise, can also influence images. Digital filters are commonly used to 

remove cardiac artifacts. Another method is to measure the electrocardiographic 

(EKG) waveforms and include them in the analysis. Susceptibility artifacts is 

another type of confound that occurs near junctions between air and tissue such 

as sinuses and ear canals and can be eliminated using fast image acquisition 

protocols. An additional source of noise is the differences in morphology from 

subject to subject. Special transformations are used to account for these 

morphological differences such as warping all images from different subjects and 

comparing them to a predefined template of a ‘canonical brain’. 

 

Simultaneous EEG-fMRI Acquisition 

 

The brain is a complex dynamic system best characterized by its temporal and 

spatial properties. The integration of EEG and fMRI methods potentially affords 

a more detailed analysis of the neuroanatomical substrates of both spatial and 

temporal properties of cognitive processes. This new approach benefits from the 

high temporal resolution offered by EEG combined with the spatial precision of 

fMRI providing a robust tool for the study of functional changes in the brain. 

Another merit of this approach is that it makes possible the investigation of the 

relationship between neuronal activity and BOLD signal by using EEG as a 

predictor of fMRI changes. Figure 10 demonstrates the relative timing of the 

EEG and fMRI responses after stimulus presentation (Menon & Crottaz 

Herbette, 2005). 

 

 

Note. From “Combined EEG and fMRI studies of human brain function”, by V. Menon and S Crottaz-Herbette, 2005, 

International Review of Neurobiology, Vol. 66, p. 296. Copyright 2005 by Elsevier Inc. 
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Figure 10. Timing of EEG and fMRI responses following the presentation of a 

stimulus. 

A long-term benefit of combining EEG and fMRI data is the possibility 

for advancements in the identification of EEG biomarkers of brain function that 

can be used to diagnose and monitor clinical conditions. Such advancements 

would contribute to the significant reduction of the current costs associated with 

the use of MRI in clinical assessment. 

The use of simultaneous EEG/fMRI is an advancement of the late 20th 

century and therefore it has a number of problems yet to be resolved. A 

fundamental issue is the raised costs of imaging and those associated with 

adapting the equipment to the new magnetic environment (MR compatible 

equipment). The latter is a requirement for the safety of the participants but also 

for the quality of the data, as for example to avoid artifacts caused by magnetic 

materials in the equipment. A further challenge is the removal of artifacts on the 

recorded EEG that are produced by the magnetic fields of the scanner and the 

heart. Recent advancements in strategies for removing different types of artifacts 

have been made available but with limitations. 

 

Technical challenges to overcome in an auditory fMRI 

 

Background scanner noise is one of the biggest challenges to overcome in an 

auditory fMRI experiment. However, Novitski (2001) demonstrated that the 

processing of sound changes and involuntary attention switching is not 

significantly affected by scanner noise. Specifically, ERP components such as 

the MMN and P3a were not affected by scanner noise, whereas the peak 

latencies of ERPs associated with standard tones, such as the P1, N1 and P2, and 

the amplitude of the N2, were prolonged after the presentation of scanner noise. 

The authors concluded that scanner background noise did not affect imaging of 

auditory processing of involuntary attention (Novitski et al., 2001). 

The problem of scanner noise in auditory experiments can be avoided by 

using a sparse sampling interleaved acquisition protocol, whereby delayed TR 

measurement is used so as to present stimuli during the silent gaps when the 
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gradients are off, and also for allowing subjects to speak in the scanner, avoiding 

image distortions (Figure 11). 

 

 

Figure 11. Schematic representation of an interleaved acquisition fMRI protocol. 

 

During an interleaved acquisition protocol, EEG is recorded continuously 

whereas fMRI data are acquired intermittently. Figure 12 gives an example of 

interleaved acquisition. 

 

Figure 12. Examples of artifacts in a continuous EEG recording. A. Artifacts 

produced by the scanner. B. Artifacts produced by the heart. C. Speech artifacts. 

 

As it can be seen in Figure 12 (A), the most dominant type of artifact 

imposed on the EEG recording is the one produced by the switching of magnetic 

gradients during spatial MR signal encoding. Specifically, the slice repetition 

A 

B 

C 
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frequency causes harmonics that obscure the EEG frequency spectrum. The 

method commonly used for the removal of the gradient artifacts is averaging the 

signal and removing the artifact template from the rest of the data. Any residual 

components after artifact removal can be eliminated using low-pass filtering with 

a cut-off frequency band (<50 Hz). 

Electrostatic materials in the equipment can also induce artifacts. Figure 

13 demonstrates an example of artifacts on the EEG recording produced by the 

presentation of sounds using electrostatic headphones. 

 

 

Figure 13. Example of electrical audio artifacts on several electrodes of the EEG 

recording generated in the scanner using NNL electrostatic headphones. 

 

As it can be seen in Figure 13, the artifacts produced on the EEG 

recording by the presentation of sounds using electrostatic headphones seriously 

distort the signal. The best solution to eliminate such artifacts is to use equipment 

specially designed to be used in the scanner and remove any residual distortions 

using digital filtering. 

Another dominant type of artifact is the ballistocardiogram (BCG) artifact 

(Figure 12, B). Averaging the signal and removing it from the EEG recording 
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can reduce this type of artifact. Finally, the EEG is sensitive to contamination 

from movement artifacts. Figure 12 (C) shows artifacts produced by speech.  

 

Data preprocessing and analysis 

 

The first step for analyzing simultaneously acquired data is the separate 

preprocessing of the EEG and fMRI recordings. Commercial software such as 

Brain Products or NeuroScan (for EEG preprocessing) and Statistical Parametric 

Mapping (SPM; for image preprocessing) provide the tools for inspecting and 

correcting the data (e.g., artifact removal) using predefined algorithms. After 

EEG preprocessing, data from each subject are analyzed to determine whether 

significant differences are observed in the measurement window, followed by 

group analysis. A recently released program, the linear modeling toolbox 

(LIMO; Pernet, Chauveau, Gaspar, & Rousselet, 2011), can be used to analyze 

single trial data in order to identify significant differences in every time point. As 

mentioned earlier, traditional approaches used in ERP research, select peaks or 

mean amplitudes of averaged evoked responses. The advantage of LiMo over 

these methods is that analysis and testing for experimental effects can be 

performed at all electrodes and time points of EEG recordings. Although 

multiple testing (i.e., testing many electrodes and time frames) can lead to a type 

I error (i.e., detecting an effect that is not present in the data), LiMo can correct 

this by using a bootstrapping procedure and a spatial-temporal clustering 

approach that automatically controls for multiple testing (Pernet et al., 2011). 

Following preprocessing and analysis of EEG data, similarly MR images are 

preprocessed and analyzed to test for significant effects. The next step is to link 

the EEG recording to the acquired MR images. At this stage, changes observed 

in the EEG can be used as predictors of changes in BOLD signal activation.  
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CHAPTER 3: EXPERIMENT 1 

The Effect of Withdrawal and Intake of Nicotine on ERP Correlates of 

Goal-Driven and Stimulus-Driven Attention Network Activation by 

Distractors in a Number Decision Task. 

 

Introduction 

 

Enhancement of attention function after nicotine administration is often reported 

in a variety of cognitive tasks (for a review see Chapter 1) and it is behaviorally 

demonstrated by faster RTs, reduced RT variability and response errors (Foulds 

et al., 1996). The enhancing effects of nicotine are often attributed to its 

‘stimulus filtering’ properties and/or enhancement of attentional control (Knott et 

al., 2011). Tasks used to investigate these effects often employ SD and GD 

components in order to engage bottom-up (sensory-driven) and top-down (goal 

driven) attention mechanisms respectively, which bias the selection of competing 

incoming stimuli. It is thought that these processes are modulated by, for 

example, the relative salience of the incoming stimulus; that is, when faced with 

a highly salient stimulus, selection can occur at a relatively early stage in 

processing but when the to-be-attended stimulus is of a similar saliency to other 

competing stimuli, the demand on attention mechanisms increases (Desimone & 

Duncan, 1995). Recent findings (Knott et al., 2011) suggest that nicotine’s 

enhancing effects on response latencies possibly reflect a reduction in 

involuntary shifts of attention and a general enhancement of attention towards 

task relevant stimuli. 

A number of studies utilizing cued target detection tasks reveal that 

nicotine reduces the size of the validity effect (i.e. the difference in response 

speed between valid and invalid trials) (Vossel, Thiel, & Fink, 2008), whereas 

other studies do not (Giessing, Thiel, Rösler, & Fink, 2006). Vossel and 

colleagues (2008) showed that nicotine reduced reorienting-related neural 

activity in fronto-parietal and cingulate regions when cue validity was high and 

this effect was accompanied by reduction in RT variability and omission rates. 

Giessing (2006) found that nicotine decreased posterior parietal activity related 
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to the validity effect. Evidence from other studies suggest that cholinergic 

enhancement improves voluntary attention allocation (Rokem, Landau, Garg, 

Prinzmetal, & Silver, 2010). One study (Meinke, Thiel, & Fink, 2006) reported 

reduction in response speed to invalidly cued targets during endogenous cueing 

following nicotine administration, but not during exogenous cueing. In this 

study, nicotine failed to alter early ERP components (P1 and N1 deflections) but 

differentially modulated later ERP components at a frontocentral site. Based on 

these findings, the authors concluded that nicotine acts at later stages of target 

processing (Meinke et al., 2006). Tsiora and colleagues (2013) assessed 

behavioral distractibility in a group of withdrawn smokers (9 hours) and after 

nicotine intake, as compared to a control group of non-smokers, using an 

odd/even number parity decision task. In this task, subjects had to make forced-

choice number decisions (goal task) while presented with distractors either 

preceding or overlapping with the goal task. It was found that both types of 

distractors increased response latencies but distractors preceding the goal task 

had a significantly larger effect on performance. Furthermore, withdrawal from 

nicotine increased response latencies and variability in all conditions and these 

effects significantly reduced after nicotine intake. 

Prominent theories of attention suggest that voluntary attention is 

supported by a bilateral dorsal system involved in top-down attention orienting 

whereas automatic orientation of attention is supported by a right-lateralized 

ventral system responsible for reorientation of attention in response to salient 

sensory stimuli (Corbetta et al., 2008; Corbetta & Shulman, 2002). According to 

this view, automatic attention reorienting is effected by the TPJ by sending a 

“circuit-breaker” signal that interrupts processing in the dorsal attention network 

and this effect is right lateralized (Corbetta et al., 2008; Corbetta & Shulman, 

2002). It is suggested that the processes supporting endogenous and exogenous 

shifts of attention are separable. For example, following the presentation of an 

instructive cue, while the dorsal network is engaged, the ventral network is 

suppressed (Shulman, 2003b) but following presentation of a target, both 

networks are engaged (Corbetta et al., 2000). Salient but uninformative 

distractors activate the dorsal system whereas the ventral system is found to be 

activated by important stimuli (De Fockert et al., 2004). When attention is 
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focused on a goal task, suppression of the ventral network prevents unimportant 

but distinctive objects to cause the shift of attention (Corbetta et al., 2008). 

However, more recent functional neuroimaging and anatomical findings (Geng 

& Vossel, 2013) challenge the idea posed by Corbetta and colleagues (2002; 

2008) that TPJ subserves SD attentional reorienting and that this effect is right 

lateralized. Instead they suggest that the two orienting networks possibly interact 

to orient attention based on contextual information (Geng & Vossel, 2013). 

Specifically, they found that TPJ engaged in processing task-relevant stimuli, 

particularly when these were unexpected. The authors propose that activity in the 

TPJ reflects post-perceptual processes related to contextual updating and 

adjusting top-down expectations. They further suggest that unattended but 

relevant stimuli are instead prioritized via the dorsal attention network along with 

salient or relevant stimuli (Geng & Vossel, 2013). 

Evidence from other studies (Spreng et al., 2012) suggest that internally 

and externally oriented GD cognition is subserved by the frontoparietal control 

network (including areas in the lateral PFC, precuneus (PCu), the anterior extent 

of the IPL, medial superior PFC and the anterior insula (aINS)), which acts as a 

‘gate-keeper’ by mediating a dynamic balance between the default and the dorsal 

attention networks through intrinsic connections. This frontoparietal control 

network is consistent with earlier characterizations of the executive control 

network. Cole and colleagues (2013) further propose that the frontoparietal 

network’s adaptability is based on flexible hubs that involve areas in the brain 

that can adapt their patterns of global functional connectivity according to the 

demands of the current task. The authors demonstrated that the dorsal and ventral 

attention, the salience and the cingulo-opercular control networks exhibited 

similar levels of activation to the frontoparietal network across a number of tasks 

(Cole et al., 2013). However, although the involvement of these cognitive control 

networks in task performance is evident, it is still unclear how activity within and 

between networks is coordinated and managed to allow specialization and 

integration respectively. 

With respect to the hypothesized role of TPJ in reorienting attention to 

unexpected but behaviorally relevant information in the environment (Corbetta et 

al., 2008; Corbetta & Shulman, 2002), converging electrophysiological and TMS 
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evidence further challenge this idea. Specifically, as reviewed by Geng and 

colleagues (2013), a number of studies suggest that TPJ responds later than FEF 

to incoming information, which is partly in contrast with the view of Corbetta 

and colleagues (2002; 2008). However, as the authors suggest, it is likely that 

TPJ is connected to both early and late stages of information processing, where 

the early signal possibly reflects attentional disengagement via reciprocal actions 

with the dorsal attention system (e.g., FEF, ACC), but not reorienting (Geng & 

Vossel, 2013). These processes have been extensively studied in the context of 

distraction using EEG measures. This method has provided important insights 

into the timing of information processing, and combined with methods such as 

fMRI or MEG it is possible to link knowledge of the temporal structures of 

events to brain activation with great precision. In a commonly used design for 

the investigation of attention orienting mechanisms, participants are required to 

discriminate auditory target stimuli while ignoring task-irrelevant auditory input 

(Schroger & Wolff, 1998). The process of distraction is found to unfold in three 

stages, and is accompanied by three distinct components of the ERP, named the 

MMN, the P3a/novelty-P3 and the RON, and the magnitude of these effects is 

dependent on the degree of deviance (e.g., in terms of frequency, intensity, 

duration) between the deviant and the standard tones. It is further demonstrated 

that the later stages of involuntary attention (i.e. P3a/novelty-P3) are contingent 

upon task demands and thus are modulated by top-down factors (Sussman et al., 

2003). In contrast, early stages of distraction (i.e. N1, MMN) appear to be 

insensitive to top-down modulation and hence are automatic in nature. 

The distraction costs on behavior are manifest as increased RT and 

reduced accuracy (Escera & Corral, 2007). It is found that deviant or novel 

sounds presented prior to a goal task cause a slowing in performance 

(approximately 5 ms for deviant and 17 ms for novel sounds) (Escera & Corral, 

2007; Escera, Alho, Winkler, & Naatanen, 1998). The larger costs associated 

with novel sounds also extend to meaningful as compared to non-meaningful 

novel sounds (Escera, Yago, Corral, Corbera, & Nunez, 2003a). It is further 

observed (Escera et al., 1998; Escera, Corral, & Yago, 2002) that in deviant 

trials, the RT costs are accompanied by decrements in hit rate due to increased 

error rates. These effects have been demonstrated in healthy individuals but more 
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profoundly in clinical populations such as ADHD, schizophrenia, depression as 

well as normal ageing (Andrés, Parmentier, & Escera, 2006; Cortiñas et al., 

2008; Lepistö et al., 2004). 

Novel sounds produce a cascade of ERP features that mark the temporal 

and spatial dynamics of the distraction effects. To study these effects, responses 

elicited in standard trials are subtracted from responses in distracting trials, thus 

separating the distraction effect, which has been termed the distraction potential 

(DP) (Escera, Yago, Corral, Corbera, & Nunez, 2003b). An early large negative 

deflection around 100 ms (N1) after the onset of the stimulus is thought to reflect 

a transient-detector mechanism activated by novelty. It has been also suggested 

that N1 partly reflects transient arousal (Naatanen & Picton, 1987), although this 

property is not directly reflected in the features of the component (e.g., amplitude 

of the signal) (Vogel & Luck, 2000). It has been proposed that N1 generators in 

the brain are located in the primary auditory cortex with possible additional 

sources in the frontal lobe, which receives inputs from temporal areas (Giard et 

al., 1994). A further component of the ERP, the P2 deflection, usually maximal 

over frontocentral and parieto-occipital areas is thought to reflect aspects of 

higher order perceptual processing including a cognitive matching system that 

compares incoming information to representations stored in memory. The N1 

often occurs together with the P2 deflection and hence are referred to as the 

N1/P2 complex. Although dissociable, the P2 shares common characteristics 

with the N1. Furthermore, it has been observed that stimulus repetition and 

learning contribute to enhancements in the amplitude of the P2. Also, it has been 

shown that the P2 is modulated by the physical properties of stimuli (e.g., 

intensity, pitch). For example, the peak amplitude of the signal increases along 

with increases in intensity. 

Distractors are also found to elicit a MMN component of the ERP that is 

thought to reflect pre-attentive change detection. The MMN is elicited even 

when the sounds are ignored (Schroger & Wolff, 1998). MMN is considered the 

equivalent of the auditory N2a. The N2 (or N200) component of the ERP 

observed at around 200 to 350 ms after presentation of a stimulus, is elicited in 

various tasks and has been associated with a number of processes including 

monitoring of conflict, mismatch, shifting of attention, stimulus identification 
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and inhibition of motor responses (Folstein & Van Petten, 2008; Gajewski, 

Stoerig, & Falkenstein, 2008; Patel & Azzam, 2005). Several subcomponents of 

the N200 have been identified (Patel & Azzam, 2005); the anterior N2a 

subcomponent is elicited in response to deviant stimuli when these are attended 

or ignored; the central N2b subcomponent is only observed when stimuli are 

attended and thus reflects voluntary processing; the frontal N2c, is observed 

during classification tasks; and the occipital temporal N2pc subcomponent is 

elicited in response to task-relevant stimuli and it is thought to index the shift of 

attention. 

The capture of attention by novel non-target stimuli is linked to the 

fronto-centrally distributed P3a component, occurring approximately 300 ms 

after stimulus presentation. The key areas involved in generating the P300 

component, although still unclear, are thought to include areas of the medial 

temporal lobe. Lesion studies have demonstrated additional areas contributing to 

this response, such as the dlPFC, which is thought to have a major contribution, 

but also the bilateral TPJ. The P3a component is thought to mark processes 

associated with the orienting response, resulting from a mismatch of the 

presented stimulus and the neuronal trace of the frequently occurring stimulus. In 

response to novel sounds, the amplitude of the P3a significantly increases, thus it 

has been termed the novelty-P3. The generation of the novelty-P3 happens in two 

stages; first a centrally distributed positive wave peaking between 220 and 320 

ms and a later right lateralized frontal positive wave peaking between 300 and 

400 ms (Escera et al., 1998). The first part of the novelty-P3 is found to be 

unaffected by attentional manipulations, contrary to the second part. Yago and 

colleagues (2003) provided evidence for the spatiotemporal dynamics of the 

auditory novelty-P3 using scalp current density analysis (SCD). Specifically, the 

authors suggested activation of the ACC at around 160 ms, followed by 

activation of the bilateral temporoparietal and left frontotemporal cortices at 200 

ms and activation of the superior parietal cortex and areas in the PFC at 300 ms 

(Yago, Escera, Alho, Giard, & Serra-Grabulosa, 2003). In a recent review of the 

literature on involuntary auditory attention, Escera and colleagues (2007) 

suggested that the P3a/novelty-P3 is more likely to mark the evaluation of the 

contextual novelty of unexpected sounds and the updating of task set information 
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for GD action selection, which is in contrast with the longstanding view that it 

reflects orientation of attention per se. 

A further component of the P300 complex, is a parietally maximal P3b 

deflection, which has been linked to the match of the presented stimulus to the 

attentional trace of the target stimulus (Naatanen, 1990). It is often observed that 

when targets increase processing complexity, for example in more demanding 

decision tasks which initiate different sub processes, the amplitude of the P3b is 

reduced. This may be because processes marked by the N2 component are 

enhanced in more complex tasks. Converging evidence links the P3b to activity 

in the TPJ, amongst other neural sources (McCarthy & Donchin, 1981; Verleger, 

Jaskowski, & Wascher, 2005). However, a lot of debate exists as to what this 

component reflects. A longstanding view considers P3b as a mechanism 

reflecting contextual updating that involves processes of modifying the internal 

model of the environment based on incoming information (Donchin & Coles, 

2010; Polich, 2007). According to this view, the P3b is considered to reflect 

processes that mediate between perceptual analysis and initiation of response, 

possibly monitoring whether the decision for stimulus classification and action is 

appropriate {Verleger:2005bz}. This is consistent with findings showing that the 

TPJ often acts together with other regions such as the DMN or task-related 

networks, to direct the updating of expectations or to generate actions.  

Friedman and colleagues (2001) reviewed a number of studies of patients 

with lesions in the TPJ, which reported evidence that both the P3a and P3b 

signals are reduced in this population, whereas patients with parietal lesions 

show almost intact responses. The frontal novelty-P3 reflects processes relating 

to orienting after detection of a deviant event, followed by evaluation and 

subsequent action, and it is found to reduce after frequent presentation of a novel 

stimulus. Novelty additionally activates anterior regions, whereas repetition of a 

stimulus reduces activation in these areas. However, the posterior regions are 

activated in both circumstances and thus it is suggested that they are involved in 

processes of categorization (Friedman et al., 2001). Polich (2007) put forward 

the idea that the P300 possibly originates from neural inhibitory activity that 

limits irrelevant to the task events so as to enable focusing of attention and 

further the processes of memory systems for efficient target detection. Consistent 
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with this view, it is suggested that the early component of the P300 reflects 

changes in frontal working memory representations, thus producing a P3a, and 

subsequently the ‘attention-driven’ stimulus signal moves to temporal and 

parietal areas related to P3b (Polich, 2007). 

Following the P300 complex, a later negative deflection termed RON, is 

thought to reflect the return of attention to the task at hand after distraction 

(Escera et al., 2001; Schroger & Wolff, 1998) and, in fact, it is comprised of an 

early and a late subcomponent (Munka & Berti, 2006). The early subcomponent 

of the RON is found in tasks involving a working memory component, as for 

example in odd/even number parity tasks, whereas the late RON subcomponent 

is observed in tasks requiring subjects to make decisions about the physical 

features of the stimuli. Another ERP component termed contingent negative 

variation (CNV) is related to the process of expectancy and pre-stimulus 

preparation (e.g., development of preparatory set). Following presentation of an 

environmental signal that warns about an impending target, phasic shifts of 

alerting result in suppression of the alpha rhythm and the occurrence of a CNV 

(Posner, Sheese, Odludaş, & Tang, 2006). This signal is thought to indicate brain 

activation associated with orientation to the warning stimulus (Bashore & 

Ridderinkhof, 2002). CNV is found to peak around 260-470 ms following a 

warning stimulus and is modulated by certainty; in other words, when the 

participant is certain about the timing of the upcoming stimulus, CNV rises 

gradually, whereas when there is uncertainty CNV rises fast. Studies suggest that 

this fronto-central and parietal-central component does not directly reflect 

interval-timing mechanisms but a time-based response preparation and decision-

making process (van Rijn, 2011). The resolution time of a CNV indicates 

“psychological completion or closure” and is independent of the presence of a 

motor response (Imashioya, Dollins, & Kakigi, 1987). Inashioya and colleagues 

(1987) found that CNV is attenuated following simultaneous presentation of a 

warning stimulus and information to produce or inhibit a motor response, 

whereas when the warning stimulus is inhibitive, CNV is delayed. Also, it has 

been found that the amplitude of the CNV is correlated with RT. Specifically, the 

shorter the RT, the larger the amplitude of the CNV, possibly reflecting 

heightened activation of the response system and consequently to the imperative 
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stimulus (Rohrbaugh et al., 1986). A point of methodological relevance in 

cognitive tasks is that the presence of a CNV could affect EEG recordings; 

baseline corrected data containing the CNV could be misleading in estimating 

the true zero (Dien, Spencer, & Donchin, 2004). Finally, the lateralized readiness 

potential (LRP) is a positive wave associated with processes of preparation for 

motor movement and it is thought to reflect activity in the motor cortex (Coles, 

1989). 

 

Aims and hypotheses 

 

The main aim of the present study is to investigate the behavioral and 

electrophysiological correlates of distractibility and attention orienting. The 

combination of behavioral measures with ERPs will allow determination of the 

extent that stimuli are processed on the neural level. A further aim is to 

investigate the effects of altering nicotine levels in smokers, on attention 

orienting and distractibility. Following Potter and Schloerscheidt (unpublished 

work) and Tsiora et al. (2013), an odd/even number parity decision task (GD 

component) will be used with two levels of distraction (preceding or overlapping 

with the goal task; SD component). Cigarette smoker performance will be 

compared in a withdrawn (9 hours overnight) state (phase 1) and after nicotine 

administration via Nicorette Microtab sublingual tablets delivering 2 mg of 

nicotine (phase 2) and their performance will be compared to a control group of 

non-smokers who will not have any nicotine in phase 1 or 2. The behavioral 

endpoint measures will be accuracy (% of correct responses), sensitivity (d-prime 

(ď)), RT and RT variability as indexed by the coefficient of variation (CV). The 

ERP endpoint measures will primarily be the amplitudes of the N1, P2, 

P3a/Novelty-P3, target-P3b and LRP components. 

Baseline performance on simple number decisions (control condition) 

will be assessed using a monaural 100 ms tone followed by a spoken number 

between 1 and 10. Participants will be required to indicate with a button press 

whether the presented number was odd or even. Based on previous research, it is 

hypothesized that in this condition target stimuli will elicit the N1 and P2 

deflections, followed by a small parietal target-P3b, which will be consistent 
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with effortful, relatively complex processing involved in number parity 

decisions. It is also predicted that in this condition a LRP will be evident 

associated with preparation for motor responses to the number stimulus. It is 

further hypothesized that compared to non-smokers, nicotine withdrawal in the 

group of smokers will be associated with slower RTs, decreased accuracy and 

sensitivity, and increased variability, whereas nicotine intake in phase 2 will 

enhance performance (i.e., faster RTs, increased accuracy and sensitivity, and 

decreased variability). With regard to ERP responses, compared to non-smokers, 

it is hypothesized that nicotine withdrawal in the group of smokers will be 

associated with more negative deflections reflecting increased processing, 

whereas in phase 2 responses will normalize. Specifically, for the number 

stimulus it is proposed that during withdrawal, the N1 will become more 

negative, compared to non-smokers, the amplitude of the P2 and P3b responses 

will be enhanced, followed by a delayed LRP of smaller amplitude. After 

nicotine intake, it is proposed that smokers will produce smaller responses. 

Baseline effects of attention orienting caused by novel distractors will be 

explored using a monaural 100 ms tone followed by a 100 ms novel sound 

requiring no response (distractor condition). It has been previously found that 

novel sounds elicit a frontocentrally distributed P3a/novelty-P3 response usually 

peaking at about 300 ms after stimulus onset and has been associated with 

processes leading to the orienting response (Alho et al., 1998; Holdstock & 

Rugg, 1993; 1995; Schroger et al., 2000). Based on previous research reviewed 

earlier, it is expected that compared to the control condition, novel sounds will 

result in more negative N1 deflections and increase in the amplitude of the P2, 

followed by a frontocentral P3a/novelty-P3. Also, it is predicted that in this 

condition there will be no LRP deflection. It is also hypothesized that nicotine 

withdrawal in this condition will result in enhanced ERP amplitudes, whereas 

nicotine intake will normalize responses. Specifically, nicotine withdrawal will 

be associated with more negative N1 deflections and increased P2 amplitudes, 

whereas the P3a response is expected to enhance in response to novel distractors. 

Nicotine intake is expected to reduce these effects. 

In a further condition, attention distraction will be explored in the context 

of GD attention using a 100 ms novel sound preceding the number decisions 

(preceding distractor condition), which has previously been shown to slow 
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performance by approximately 50 ms (Tsiora, Potter, Kyle, & Maxwell, 2013). It 

is hypothesized that this type of distractor will result in decrements in accuracy 

and sensitivity and increased RTs and response variability as a result of orienting 

and reorienting within the 300 ms interval between the distractor and the goal 

stimulus. In this condition it is expected that preceding distractors will produce 

more negative N1 deflections and will enhance the amplitude of the P2. 

Orienting to preceding distractors would be associated with large frontocentral 

P3a/novelty P3 deflections. Also, it is suggested that the N1 and P2 deflections 

elicited to the subsequent target stimulus will become more positive if attention 

is oriented to the preceding distractor, reflecting reduced processing of the 

stimuli. Based on the hypothesis of increased distractibility in response to 

preceding distractors, it is suggested that the amplitude of the target-P3b 

deflection will increase, given the increased complexity imposed on the task and 

disruption of the processes involved in processing the number stimuli. Also, it is 

proposed that delayed processing of the number stimulus in this case will delay 

the onset of the LRP deflection and reduce its amplitude. Nicotine withdrawal 

and subsequent intake are expected to affect ERPs in the following way. First, 

for the distractor, it is suggested that the N1 will be more negative and the 

amplitude of the P2 and the novelty-P3 enhanced during withdrawal, whereas 

nicotine intake would be expected to reduce sensitivity in these stimuli reflected 

by more positive N1 and smaller P2 and novelty-P3 deflections. Secondly, for 

the number stimulus, it is suggested that during withdrawal and following the 

proposed increased effects of preceding distractors, the N1, P2 and P3b 

deflections will be more positive, whereas nicotine intake would be associated 

with smaller amplitudes. 

Finally, in a further trial type a monaural 100 ms tone will be followed by 

a 100 ms novel sound simultaneously presented with the number stimuli 

(simultaneous distractor condition; distractor and target stimulus pairs have been 

aligned to achieve simultaneous onset). It has been previously found that 

distractors simultaneously presented with the goal-task impair performance as 

indicated by increased RTs, usually in the range of 15 ms (Tsiora et al., 2013). It 

is hypothesized that simultaneous distractors will impair accuracy and sensitivity 

and will increase variability. It is suggested that the small behavioral costs in this 

condition might reflect activation of the SD system without subsequent orienting. 
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It is argued that in this condition bottom-up attentional capture will be inhibited 

as a result of GD modulation of the SD system. Based on this notion it is further 

hypothesized that simultaneous distractors will elicit a small P3a response at 

frontocentral electrodes whereas the target stimulus is expected to activate 

frontal areas and produce a small P3b. It is also predicted that the N1 and P2 

deflections in response to the simultaneous presentation of the number stimulus 

with the distractor will be enhanced compared to simple number decisions. Also, 

it is expected that the subsequent LRP will have a delayed onset and reduced 

amplitude. Finally, it is hypothesized that nicotine withdrawal will be associated 

with larger ERP deflections and nicotine intake will normalize performance. 

Specifically, for the simultaneous number and distractor, during withdrawal, it is 

expected that smokers will produce more negative N1 deflections and the 

amplitude of the P2 will be increased, whereas the concurrent activation of 

frontal and parietal areas will result in enhanced P3a amplitudes as in this 

condition it is expected that withdrawal will impair the ability to suppress 

activation resulting from the simultaneous presentation of the distractors during 

focused attention. After nicotine intake, it is expected that the amplitude of the 

N1 and P2 deflections will be smaller whereas the P3a/novelty-P3 deflection will 

decrease as a result of more efficient suppression of distractors. 

Concisely, overall, it is hypothesized that compared to number decisions 

where a small P3b deflection will be evident, distractors will produce more 

negative N1 and more positive P2 deflections followed by an enhanced novelty-

P3 response. A further hypothesis is that the greater the degree of distraction, the 

greater the amplitude of the P3a/novelty-P3 will be. Hence, distractors preceding 

the target stimuli are more likely to be associated with larger P3a amplitudes 

compared to distractors simultaneously presented with the goal task. As 

previously discussed, preceding distractors are associated with performance 

decrements due to orienting to and from the distracting stimulus whereas no lag 

between the goal stimulus and the distractor is associated with smaller 

performance decrements. With respect to target stimuli, the parietal-P3b is 

expected to increase in amplitude when processing demands increase. Finally, it 

is expected that in conditions involving a number stimulus requiring a response 

from participants, a LRP contralateral to the responding hand will index covert 

response preparation. On the contrary, a LRP will be absent in the distractor 
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condition (no number stimulus) where participants are required to inhibit their 

response. 

Also, compared to non-smokers, withdrawal from nicotine in the group of 

smokers is expected to impair behavioral performance for target stimuli in phase 

1 (longer RTs, reduced accuracy and increased response variability), whereas 

nicotine intake in phase 2 will enhance performance (reduced RTs and response 

variability and increased accuracy). With respect to ERPs, it is hypothesized that 

nicotine withdrawal will reduce whereas nicotine intake will enhance processing 

efficiency. 

 

Method 

 

Participants 

 

Twenty-four young adult cigarette smokers (10 males, mean (M) age = 23 yrs, 

SD = 3.51, and 14 females, M age = 21 yrs, SD = 2.32) and twenty-one non-

smokers (3 males, M age = 19 yrs, SD = .58, and 18 females, M age = 20 yrs, SD 

= 3.49) were recruited from the student population of the University of Dundee. 

All participants were healthy volunteers, with no history of mental illness. 

Participants self-reported normal hearing and no use of medication or illicit drugs 

within a month prior to their participation, or use of alcohol in excess (>15 units 

per week). Volunteers responded to an advertisement. At the end of their 

participation they received payment or course credit for their time. The research 

was conducted according to the 2008 Declaration of Helsinki (WMA, 2008) and 

all volunteers gave written informed consent. The study was approved by the 

University of Dundee, School of Psychology, Research Ethics Committee. Upon 

arrival at the laboratory, smokers gave verbal and written confirmation of their 

abstinence from nicotine for the agreed period. Table 1 contains data across the 

two groups. 
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Table 1. Participant details for the two experimental groups (Non-Smokers and 

Smokers). 

 Non-Smokers Smokers 

 M SD Range M SD Range 

N 21   24   

Female 18   15   

Male 3   10   

Age 20 3.26 15 22 2.97 12 

Female 20 3.49 15 21 2.32 8 

Male 19 .58 1 23 3.51 11 

Cig p/d 0 0 0 10 5.18 18 

Fagerström Score 0 0 0 3 1.88 6 

Yrs of Smoking 0 0 0 5 2.22 8 

State Anxiety 32.7 6.82 27 36.4 8.73 42 

Trait Anxiety 43.6 7.91 26 43.0 8.71 30 

NART 16.7 7.38 34 15.2 7.76 30 

WAIS Full-Scale IQ 114 6.13 28.2 115 6.44 24.9 

Fluency Score 14.9 2.57 9 15.7 4.00 16 

Fluency Time 3.9 1.16 4 3.9 1.41 5 

Neuroticism 23.9 7.02 31 22.2 8.59 27 

Extraversion 30 7.15 29 29.8 6.91 26 

Openness 30 4.63 18 34.2 5.51 24 

Agreeableness 32.4 7.39 29 30.5 6.49 21 

Conscientiousness 29.7 7.71 26 22.7 9.45 29 

 

Stimuli 

 

Each trial consisted of a pair of auditory stimuli (75 decibel (dB) SPL) with a 

stimulus onset asynchrony (SOA) of 300 ms. Stimuli were presented binaurally 

on headphones. In the standard condition (control (c)), presentation of a warning 

sinusoidal tone (100 ms duration; 1000 Hz; rise and fall time of 10 ms) was 

followed by central presentation of a spoken monaural number between 1 & 10 
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(300 ms duration). The number stimulus was spoken by an adult male native 

English voice at constant intensity and intonation. Participants were required to 

distinguish odd from even numbers by pressing one of two buttons with their 

right hand. To demonstrate the effect of distraction of attention during number 

decisions the 100 ms tone was replaced by a 100 ms novel sound (preceding 

distractor condition (p)). In a further condition lateralized 100 ms novel sounds 

were presented simultaneously with the monaurally presented number stimuli 

(simultaneous distractor condition (s)). To create a baseline condition for the 

EEG comparisons, a further trial type was added that consisted of a monaural 

100 ms tone followed by a 100 ms novel sound (SOA 300ms) requiring no 

response. The probability of a trial including a novel stimulus was 0.25. Figure 

14 shows a schematic representation of the sequence of events in a typical trial. 

 

Figure 14. Sequence of events in a typical trial and experimental conditions. 

 

 Stimulus presentation and response logging was implemented using E-

prime software (version 2.0). The experiment consisted of four blocks of 162 

trials (648 trials in total). The four stimulus conditions were randomly presented 

and the inter-trial interval (ITI) ranged between 2100 and 2300 ms (steps of 100 

ms). 

 

Procedure 

 

Approval was sought from the University of Dundee research ethics committee. 

Volunteers were initially sent an information sheet with details about the 

 
                                                             ___________ Response Window ___________ 

 
Conditions 
Control: ToneS1  NumberS2 
Distractor: ToneS1  Novel Distractor – no NumberS2 
Simultaneous: ToneS1  Number + Novel DistractorS2 
Preceding: Novel DistractorS1  NumberS2 
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experiment and they were informed both verbally and in writing of their right to 

withdraw from the study at any stage without explanation. All participants signed 

an informed consent form. The experiments took place in a sound attenuated 

laboratory. Eligibility to participate was assessed using the Fagerström Test for 

Nicotine Dependence (FTND), previously used as a valid tool for assessing 

levels of nicotine dependence (Heatherton, Kozlowski, Frecker, & Fagerstrom, 

1991). The FTND consists of six items scored in the range of 0 to 1 or 0 to 3 

yielding a total score of 10, with higher scores corresponding to higher levels of 

nicotine dependence. Volunteers with a score of 0 were assigned in the non-

smoker condition. For the group of smokers, only volunteers who had been 

regularly smoking for at least six months prior to the study were recruited. 

Participants in the experimental group were required to complete a participant 

health questionnaire in order to ensure that there were no contraindications to the 

use of the Nicorette Microtab tablet and they were requested to abstain from 

smoking overnight for a period of 9 hours prior to the experiment. The State-

Trait Anxiety Inventory (Spielberger et al., 1983) and the NEO Five Factor 

Inventory (Costa & McCrae, 1989) scales were used to assess alterations in 

mood and anxiety levels. Also, the National Adult Reading Test (NART; Nelson, 

1982) was used to estimate intelligence level. The NART consists of a list of 50 

words that the participant reads aloud and the number of errors made is recorded. 

Using the NART error score, the WAIS Full-Scale IQ can be predicted. The 

formula used is: Predicted Full-Scale IQ = 128 – 0.83 x NART error score (S.E. 

est. = 7.6). 

The task was explained to participants. They were then requested to wear 

a pair of headphones and to use two fingers of their right hand to indicate with a 

button press whether they thought the number they heard in each trial was odd or 

even. They were instructed not to respond on trials that did not include a number 

stimulus and to ignore the lateralized novel stimuli that occurred in 25% of the 

trials. A practice session was given so participants could familiarize themselves 

with the task.  

Between the first and second trial block, and the third and fourth block a 

break of one minute was given. Between the first phase of the experiment 

(blocks 1 and 2) and the second phase (blocks 3 and 4) a break of 30 minutes was 

given where the participants in the experimental condition were able to have a 
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controlled dose of nicotine (2 mg) using a Nicorette Microtab sublingual tablet, 

before completing the second half of the experiment. 

 

EEG Recording and Data Preprocessing 

 

A BioSemi Active Two measurement system in conjunction with Brain Vision 

Recorder software was used to record EEG over 32 scalp electrodes: Fp1, Fp2, 

AF3, AF4, F7, F8, F3, F4, Fz, FC1, FC2, FC5, FC6, T7, T8, C3, C4, Cz, CP1, 

CP2, CP5, CP6, P3, P4, Pz, P7, P8, PO3, PO4, O1, O2, Oz (see Figure 15). 

 

 

Figure 15. Electrode placement map. Biosemi layout (32+2 electrodes). 

Two reference electrodes, CMS and DRL, were used to drive the average 

potentials close to the AD-box reference potential. Vertical electro-oculogram 

(EOG) was recorded with electrodes placed above and below the right eye and 
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horizontal EOG with electrodes placed at the outer canthi of both eyes. Two 

mastoid electrodes (LM and RM) were also used and EEG was referenced to an 

electrode placed at the tip of the nose. The EEG was continuously sampled at 

2048 Hz, and stored for off-line averaging. Data were resampled at 256 Hz. 

Brain Vision Analyzer (version 2.0.1) was used for the EEG/ERP 

measures. Data were filtered using an IIR Filter with a time constant of 5 s (0.03 

Hz) and a slope of 48 db/oct and high cutoff 50 Hz. ERPs were obtained by 

averaging EEG epochs of 1700 ms starting 300 ms prior to stimulus onset. 

Waveforms were averaged and computed for each subject and each condition. A 

digital filter was applied on the data and artifacts produced by EOG were 

excluded from the average using a semi-automatic rejection algorithm with 

threshold amplitude of ±100 mV. 

 

Behavioral Analysis 

 

Behavioral performance was assessed using accuracy (% of correct responses), 

sensitivity (d’), RT and RT variability (CV) and computed using a code 

implemented in Matlab (Pernet, 2010). Statistical comparisons were explored 

using SPSS software for statistical analysis. Mean sensitivity, RTs and the CV 

were subjected to analysis of variance (ANOVA). A mixed, repeated measures 

design was used with the between group factor of smoker / non-smoker and 

within group factors of trial experiment phase (phase 1 and phase 2) and stimulus 

type (c, s, p). The distractor condition was omitted for these analyses. Paired and 

unpaired sample t-tests were used to explore apriori hypotheses but corrections 

for multiple comparisons were applied for exploratory analyses. 

 

General Linear Modeling of EEG Data 

 

A general linear modeling (GLM) approach (Pernet et al., 2011; Rousselet et al., 

2009) implemented in Matlab, was used to express the single-trial EEG 

amplitude, in μV, independently at each time point and each electrode, using the 

model: 
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EEG  = β0 + β1S1 + β2S2 + β3S3 + β4S4 + β5S5 + β6S6 + β7S7 + β8S8 + β9A + ε 

The identity of stimuli was coded as eight categories in the design matrix. The 

first four columns represented the four conditions (control, distractor, 

simultaneous, preceding) in phase 1 of the experiment (S1, S2, S3, S4). The 

following four columns represented the four experimental conditions in phase 2 

(S5, S6, S7, S8). Accuracy (A) was a continuous regressor. β0 is the constant term 

and ε the error. 

At this point, a methodological consideration in relation to the measurement of 

the P300 component ought to be noted. Most studies thus far report a single peak 

to define the P300 component. However, research in this area (Polich, 2007) has 

demonstrated that the latency of the P300 peak is related to the processing 

demands of the task and the stimulus evaluation timing. It is further evident that 

inherent in this type of approach are confounding factors such as single trial 

variability or the complexity arising from the existence of multiple component 

peaks. The proposed approach enables the analysis of evoked responses over all 

space and time dimensions, while accounting for single trial variability using 

simple hierarchical linear modeling of the data (Pernet et al., 2011). 

 

Results 

Behavioral Results 

Questionnaires 

There were no significant differences between groups (p > .05) in any of the 

measures. 

Accuracy 

Mean performance (% correct) and SEM for making judgments in number 

decisions in each condition and phase for the two groups (non-smokers, smokers) 

are shown in Figure 16 below. The distractor only condition was omitted for this 

analysis. 
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Figure 16. Mean accuracy (% of correct responses) and +/-1 standard error of the 

mean (SEM) for each stimulus condition (c, s, p), in phase 1 and 2 of the 

experiment for non-smokers and smokers. 

 

To explore these effects in detail, a 2 x 2 x 3 Mixed repeated measures 

ANOVA was carried out with factors of group (non-smokers, smokers), phase 

(phase 1, phase 2) and condition (c, s, p). All effects are reported as significant at 

p < .05. Means and standard errors (SE) are also reported. Mauchly’s test 

revealed that the assumption of sphericity had been violated for the main effect 

of condition, 2(2) = 9.78, p < .05. Therefore degrees of freedom were corrected 

using Greenhouse-Geisser estimates of sphericity ( = .83). 

Contrary to the hypotheses, there was no significant main effect of phase 

or group and no significant interactions. There was a significant main effect of 

condition, F(1.66,73.12) = 3.99, r = .23. Pairwise comparisons using Bonferroni 

adjustment for multiple comparisons revealed that overall, responses for simple 

number decisions (M = 89.44, SE = .56) were significantly more accurate than in 

the simultaneous distractor condition (M = 87.55, SE = .65).  

 

Sensitivity measure 

Based on signal detection theory (MacMillan & Creelman, 2005), d’ was used to 

measure sensitivity. The formula used is d’ = z(H)-z(F) where H is hits and F is 
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false alarms. Figure 17 demonstrates sensitivity for each group and condition, in 

the two phases of the experiment. The distractor only condition was omitted for 

this analysis. 

 

Figure 17. The mean d-prime (d’) and +/-1 and SEM for each stimulus condition 

in phase 1 and 2 of the experiment for non-smokers and smokers. 

 

To explore sensitivity, a 2x2x3 Mixed repeated measures ANOVA was 

carried out with factors of group (smokers, non-smokers), experiment phase 

(phase 1, phase 2) and condition (c, s, p). All effects are reported as significant at 

p < .05. Mauchly’s test indicated that the assumption of sphericity had been 

violated for the main effect of condition, 2(2) = 12.98, p < .05. Therefore 

degrees of freedom were corrected using Greenhouse-Geisser estimates of 

sphericity ( = .79).  

There was a significant main effect of phase, F(1,44) = 11.61, r = .46, 

where sensitivity in phase 1 (M = 3.45, SE = .05) was significantly lower than in 

phase 2 (M = 3.62, SE = .06; p < .05). Also, there was a main effect of condition, 

F(1.59,69.81) = 64.64, r = .69, where as hypothesized, sensitivity was 

significantly higher for simple number decisions (M = 3.95, SE = .09) than in the 

simultaneous distractor condition (M = 3.26, SE = .05; p < .05) and the preceding 

distractor condition (M = 3.40, SE = .04; p < .05). Sensitivity was significantly 
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lower in the simultaneous distractor condition compared to the preceding 

distractor condition (p < .05). The ANOVA did not reveal any significant group 

effects or interactions. 

 

Reaction Times 

The mean RTs and SEM for all conditions for the two groups in phase 1 and 

phase 2 are illustrated in Figure 18. Non-smokers show a typical pattern of 

results with preceding distractors slowing RTs more than simultaneous 

distractors in both phases of the experiment and some evidence of practice 

effects in the control and preceding conditions from phase 1 to phase 2. Smokers 

appear more distractible when withdrawn from nicotine in phase 1 as compared 

to non-smokers but after nicotine administration, in phase 2, their RTs are 

speeded up to the extent that their performance looks equivalent to non-smokers’ 

in phase 1. 

 

 

Figure 18. The mean RTs and +/-1 SEM for each stimulus condition (c, s, p), in 

phase 1 and 2 of the experiment for non-smokers and smokers. 
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To explore these effects in detail, a 2x2x3 Mixed repeated measures 

ANOVA was carried out with factors of group (smokers, non-smokers), 

experiment phase (phase 1, phase 2) and condition (c, s, p).  All effects are 

reported as significant at p < .05. Mauchly’s test indicated that the assumption of 

sphericity had been violated for the phase x condition interaction, 2(2) = 11.32, 

p < .05. Therefore degrees of freedom were corrected using Greenhouse-Geisser 

estimates of sphericity ( = .81). 

There was a significant main effect of phase, F(1,44) = 36.62, r = .67, 

where overall, RTs in phase 1 were significantly slower (M = 691 ms, SE = 

10.48) than in phase 2 (M = 658 ms, SE = 11.05; p < .001). There was also a 

significant main effect of experimental condition on RTs, F(2,88) = 55.28, r = 

.62. As predicted, pairwise comparisons revealed that preceding distractors (M = 

689 ms, SE = 10.69) significantly slowed RTs compared to simultaneous 

distractors (M = 668 ms, SE = 10.81; p < .001) and compared to simple number 

decisions (M = 667 ms, SE = 9.98; p < .001). However, contrary to the 

hypotheses, overall, simultaneous distractors did not significantly slow RTs 

compared to simple number decisions. 
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The ANOVA also revealed a significant phase x group interaction, 

F(1,44) = 4.64, p < .05, r = .31 (Figure 19). 

 

 

Figure 19. Results from the ANOVA illustrating a significant phase x group 

interaction on RTs. 

 

As it can be seen in Figure 19, overall, RT improvements from phase 1 

to phase 2 were larger for smokers than non-smokers. The analysis also revealed 

a significant phase x condition x group interaction, F(2,88) = 3.61, p < .05, r = 

.20 (Figure 20). 
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Figure 20. Results from the ANOVA illustrating significant phase x condition x 

group interactions on RTs. 

  

Contrasts were used to break down this interaction. The first significant 

contrast investigated differences between non-smokers and smokers when 

comparing phase 1 to phase 2 for the control condition compared to the 

simultaneous distractor condition, F(1,44) = 5.88, r = .31. Independent samples 

t-tests revealed that, as predicted, in the control condition, in phase 1, non-

smokers were significantly faster (M = 664, SE = 11.56) than withdrawn smokers 

(M = 108, SE = 15.71; t(44) = -2.15, p < .05, r = .31). Similarly, in the 

simultaneous distractor condition, in phase 1, withdrawn smokers were 

significantly slower (M = 713, SE = 17.76) than non-smokers (M = 654, SE = 

13.20; t(44) = -2.61, p < .05, r = .37). However, there were no significant 

differences between groups in these conditions in phase 2. These effects taken 

together with the large improvement in RTs in the simultaneous distractor 

condition from phase 1 to phase 2 in the group of smokers suggest that nicotine 

withdrawal significantly impaired RTs on number decisions, whereas nicotine 

intake normalized performance, particularly reducing the effects of simultaneous 

distractors on response latencies. 

The second significant contrast investigated differences between groups 

when comparing phase 1 to phase 2 for the simultaneous distractor condition 

compared to the preceding distractor condition, F(1,44) = 4.08, r = .29. 

Phase 
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Independent samples t-tests revealed that RTs in the preceding distractor 

condition in phase 1 were not different between groups although this effect 

approached significance (p = .09) and it is in a direction suggesting that smokers 

were slower than non-smokers. Similarly, there were no group differences in this 

condition in phase 2. Paired samples t-tests for the group of non-smokers 

revealed that in phase 1, RTs in the preceding distractor condition (M = 686, SE 

= 11.61) were significantly slower compared to phase 2 (M = 663, SE = 15.13; 

t(20) = 2.26, p < .05, r = .45) suggesting practice effects overtime. Similarly, in 

the group of smokers, in the preceding distractor condition, RTs in phase 1 (M = 

723, SE = 16.69) were significantly slower compared to phase 2 (M = 685, SE = 

17.92; t(24) = 3.68, p = .001, r = .60). However, there were no significant group 

differences from phase 1 to phase 2, ruling out the hypothesized nicotine induced 

improvements on behavior in this condition. Finally, independent samples t-tests 

revealed that the preceding distractor effect (difference between control and 

preceding distractor condition) in phase 1, was larger for non-smokers (M = -

32.47, SE = 5.98) than smokers (M = -9.50, SE = 6.56; t(44) = -2.55, p < .05, r = 

.36), but there were no significant differences in phase 2. As it can be seen in 

Figure 20 these effects are due to smokers’ RTs being slower in the control 

condition, reducing the difference between this condition and the preceding 

distractor condition. 

Finally, the contrast comparing RTs between groups for the comparison 

of phase 1 and phase 2 when comparing the control to the preceding distractor 

condition was not significant. 

 

Coefficient of Variation 

The CV (SD / mean RT) was used as a measure of dispersion. The CV and SEM 

for all conditions (c, s, p) for the two groups (non-smokers, smokers) in phase 1 

and phase 2 are illustrated in Figure 21 below. 
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Figure 21. CV and +/-1 SEM for each stimulus condition (c, s, p), in phase 1 and 

2 of the experiment for non-smokers and smokers. 

 

A 2x2x3 Mixed repeated measures ANOVA on the CV scores was 

carried out with factors of group (smokers, non-smokers), experiment phase 

(phase 1, phase 2) and condition (c, s, p). Mauchly’s test revealed that the 

assumption of sphericity had been violated for the phase x condition interaction, 

2(2) = 7.64, p < .05. Therefore degrees of freedom were corrected using 

Greenhouse-Geisser estimates of sphericity ( = .86). 

The ANOVA did not reveal any significant main effects or group effects. 

However, there was a significant phase x condition interaction, F(1.72, 75.68) = 

6.29, p < .05, r = .28. Contrasts comparing the CV in phase 1 and phase 2 for the 

control condition compared to the simultaneous distractor condition, as well as 

compared to the control and preceding distractor condition did not reveal any 

significant effects. The difference in the CV between the simultaneous and 

preceding distractor conditions in phase 1 was not significant. However, in phase 

2 this difference was significant (t(45) = 3.57, p = .001, r = .47). Specifically, in 

phase 2, the CV in the simultaneous distractor condition (M = .22, SE = .01) was 

significantly larger compared to the preceding distractor condition. These effects 

can be seen in Figure 22. 
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Figure 22. Results from the ANOVA illustrating a significant phase x condition 

interaction on the CV. 

 

ERP Results 

 

A single-trial regression model (LIMO EEG toolbox (Pernet et al., 2011; 

Rousselet et al., 2009)) was applied at each time point and electrode to explore 

the effects of nicotine withdrawal and intake in the time-course of distraction 

during number decisions. A 2x2x4 ANOVA was performed on the estimated 

parameters comparing the effect of phase (phase 1 and 2) and condition (c, d, s, 

p) between non-smokers and smokers. The results are illustrated using a spatial-

temporal cluster correction (2D). Results are reported significant at p < 0.05. 

Figure 23 illustrates the design matrices in LIMO. At the 1st level 

analysis, epoched data from each subject (all trials) were analyzed to create the 

estimated beta parameters expressing the effect of the different experimental 

conditions (c, d, s, p) and accuracy across all stimuli coded in the design matrix. 

At the 2nd level analysis (group analysis), the beta parameters obtained from the 
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1st level analysis for each subject are analyzed to test for significance across 

subjects. 

 

Figure 23. Design matrices in LIMO for the 1st level (top; example from 1 

subject) and the 2nd level (bottom; group) analyses. 

 

ERPs were averaged for each experimental condition (simple number 

decisions, preceding distractors, simultaneous distractors and distractors on their 

own). Figure 24 demonstrates the grand average waveforms for the two groups 

and two phases of the experiment at midline electrodes Fz, Cz and Pz. 
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Figure 24. Grand-average ERPs elicited at the midline central site Cz, at frontal 

midline site Fz and at parietal midline site Pz by simple number decisions (black 

line), novel only condition (red line), the simultaneous number and novel 
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distractor condition (blue line) and the preceding distractor condition (green line) 

for non-smokers and smokers over phase 1 and 2. 

 

The first stimulus in each pair (S1) was presented at 0 ms followed by a 

second stimulus (S2) presented at 300 ms. A preliminary inspection of the data 

suggests that overall, in both groups waveforms appear more negative and to be 

reduced in amplitude in phase 2. As it can be seen in the figure, in response to 

S1, participants produce an N1 deflection that appears to be more negative in 

response to preceding distractors (green line) compared to the other conditions. It 

is further observed that the amplitude of the N1 is maximal over frontal and 

central areas compared to parietal areas. Following this response, a P2 is 

observed, which contrary to the hypotheses, it appears to be more negative in 

response to preceding distractors, compared to the other conditions. This effect 

might be related to the large increase in the N1 deflection, which may reduce the 

amplitude of the subsequent P2 signal. The P2 deflection appears to be smaller at 

parietal areas compared to frontal and central areas. Furthermore, the P2 seems 

to decrease in phase 2, and this effect is pronounced in the group of smokers, 

particularly at parietal areas. A further positive deflection, the P3a/novelty-P3 in 

response to S1, is evident in the preceding distractor condition, compared to the 

other conditions, and appears to reduce in phase 2 in both groups. This response 

is maximal at frontal and central electrodes. 

Following presentation of S2, an N1 deflection is observed, which 

appears to be more negative in the distractor condition (red line) compared to the 

other conditions. In the preceding distractor condition, the N1 deflection was 

more positive compared to the other conditions. Similarly, the subsequent P2 

response to S2 appears more negative in the distractor condition compared to the 

other conditions and this effect is pronounced at parietal areas. The P3 response 

to S2 is evident between 600 and 700 ms and it reduces in phase 2. This response 

is maximal at frontal and central electrodes. It is also observed that at parietal 

sites the P3 response is smaller in the group of smokers compared to non-

smokers. The P3a response to distractors is larger at frontal electrodes, whereas 

the P3b in the preceding distractor condition (in response to the number 
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stimulus) is largest at central and parietal sites. Finally, a later positive wave, the 

LRP is evident in the control, simultaneous and preceding distractor conditions 

and these responses are maximal at parietal and to a lesser extent at central areas, 

but not at frontal areas. In the distractor condition, it appears that smokers 

produce more positive LRPs whilst withdrawn whereas after nicotine intake this 

response is reduced.  

Further plots directly comparing phase 1 and phase 2, the mean ERPs at 

Fz, Cz and Pz electrodes directly comparing groups in each condition and phase, 

mean ERP waveforms for each condition and phase at each electrode for non-

smokers and smokers, followed by the mean ERP waveforms for each condition 

and phase at the electrode showing the strongest effect are illustrated in 

Appendix A. 

 The results from the ANOVA carried out using LIMO are presented 

below. There were significant main effects of phase. These effects are illustrated 

in Figure 25. 
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Figure 25. ANOVA results illustrating main effects of phase. AElectrodes and 

time frames showing significant effects across conditions and groups in response 

to a trial pair (S1: 0 ms, S2: 300ms. BMean ERP phase differences at the 

electrode showing the strongest effect (Pz) across conditions and groups. Time 

points of significant differences (95% percentile bootstrap) are marked with 

horizontal red lines. CTopographic maps showing significant effects. 

Main effect of phase 

A 

B 

C 



 

 

79 

As it can be seen in the figures above, there are significant differences 

between phase 1 and phase 2, maximal over frontal and central and parietal 

areas. To explore the direction of these effects, contrasts were performed 

comparing phase 1 to phase 2 (Figure 26).  

 

Figure 26. Results from the contrasts showing areas of significance where phase 

1 differed from phase 2 (Phase 1 > Phase 2 [1 1 1 1 -1 -1 -1 -1]) across 

conditions and groups and the ERPs at electrode Cz. 

The contrasts suggest that overall the ERP deflections were less negative 

going over the time period 200-1200 ms in phase 1 compared to phase 2. 

Localized effects are observed at the latency of the N1 in response to 

presentation of S1 at approximately 110 ms, followed by effects at the latency of 

the P2, at 210 ms, and at the latency of the P3, at 300 ms. Following presentation 

of S2 at 300 ms, significant amplitude reductions are observed at 400 ms (at the 

latency of the N1 to S2) and at 500 ms (at the latency of the P2 to S2) followed 

by significant effects at 590 ms (at the latency of the N2 to S2) and at 600 ms (at 

the latency of the P3 to S2). Finally, there are significant amplitude reductions 

localized at central-parietal electrodes maximal in the left hemisphere at 1000 

ms, relative to RTs at 700 ms, associated with reduced preparation for motor 

responses (LRP deflection). 

The ANOVA also revealed significant effects of condition. Figure 27 

illustrates electrodes and time frames showing significant main effects of 

condition across phases and groups and the topographic maps of the effects. 

Phase comparison 

  Phase 1 
  Phase 2 
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Figure 27. ANOVA results illustrating main effects of condition (top) and the 

topographic maps of the effects (bottom). 

There are several significant main effects of condition. In response to S1 

effects are observed starting at approximately 120 ms [1] at the latencies of the 

N1 at frontal, central and left parietal areas, the P2 at central, left parietal and 

occipital areas, and large effects at the latency of the P3a/novelty-P3 at 

frontocentral and right parietal electrodes. In response to S2 effects are observed 

starting after 400 ms [2] at the latency of the N1 at frontal, fronto-central and 

Main effects of condition 

2 

1 

3 

3 

1 

2 



 

 

81 

parietal electrodes at both hemispheres, at the latency of the P2 at central 

parietal, parietal and occipital areas, followed by effects at the latency of the P3 

at parietal, central parietal and occipital electrodes. Significant differences 

between conditions were also observed at 850ms [3] maximal at left parietal and 

central-parietal electrodes, associated with preparation for motor responses. 

Contrasts were computed to explore significant effects in each condition, 

collapsed across phase and group. These effects are illustrated in Figure 28 

below. 

  

Figure 28. Results from the contrasts showing significant condition effects across 

phases and groups. AControl [1 0 0 0 1 0 0 0]. BDistractor [0 1 0 0 0 1 0 0]. 
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CSimultaneous [0 0 1 0 0 0 1 0]. DPreceding [0 0 0 1 0 0 0 1]. E ERPs 

for the control (black line), distractor (red line), simultaneous (blue line) and 

preceding (green line) conditions at electrode Cz. 

 

In Figure 28, panels A to D illustrate significant effects in the four 

experimental conditions, and panel E demonstrates the ERP waveforms for each 

condition at a central site (Cz). In the control condition participants are presented 

with a tone (S1) followed by a number requiring a response (S2). In the distractor 

condition, a distractor, requiring no response, follows the tone. In the 

simultaneous distractor condition, a number simultaneously presented with a 

distractor follows the tone whereas in the preceding condition the distractor 

precedes presentation of the number. As it is illustrated in panel E, there are 

significant differences at the amplitude of the N1 to S2 between the preceding 

distractor and the other 3 conditions (these effects can be seen in panel D). 

Specifically, as hypothesized, the amplitude of the N1 in response to distractors 

was more negative compared to the other conditions. Significant differences 

between the preceding and the other conditions are also observed at 200 ms at 

the latency of the P2 to S1. Again, in this condition, distractors reduced the 

amplitude of the P2. These effects are followed by significant differences at 300 

ms, which relate to the P3a/novelty-P3 response to preceding distractors and 

absence of a P3 response to tones in the other conditions. After presentation of 

S2 at 300 ms there are significant differences between conditions at 400 ms 

relating to the N1 response. Specifically, consistent with the hypotheses, N1 

responses are more negative in the distractor and the simultaneous distractor 

conditions than in the other conditions where a number was presented. At 

approximately 500 to 600 ms, there are significant differences between 

conditions at the latency of the P2 to S2 where the amplitude of the deflection in 

the distractor condition was more negative compared to the other conditions. At 

600 ms there are differences associated with the P3 response to S2 where, as 

expected, responses in the distractor conditions are more positive than in the 

control condition. It was expected that distractors would result in frontocentral 

P3a responses compared to number stimuli which would produce a parietal P3b 

response. Also, in the distractor condition P3a deflections have an earlier latency 
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than the other conditions. Finally, between 700 to 1000 ms there are significant 

differences associated with the LRP, which reflects preparation for motor 

responses. As predicted, suppression of a response in the distractor condition, 

where a response is not required, was associated with absence of a LRP, whereas 

an LRP was evident in the three number conditions. 

Further contrasts were preformed on the data to explore the distraction 

effects by comparing the control condition to each of the three distractor 

conditions across phases and groups. Figure 29 shows the results of the 

contrasts. 
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Figure 29. Results from the contrasts showing where the three distractor 

conditions differed from the control condition with the ERPs at electrode Cz 

plotted. A Control > Distractor [1 -1 0 0 1 -1 0 0]. B Control > 

Simultaneous [1 0 -1 0 1 0 -1 0]. C Control > Preceding [1 0 0 -1 1 0 0 -1]. 

In Figure 29, panel A illustrates significant differences between the 

control and the distractor conditions maximal at parietal and central parietal 

Distractor effects 

A 

B 

C 

  ____ Control 
  ____ Distractor 
  ____ Simultaneous 
  ____ Preceding 
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electrodes in the left hemisphere at 400, 600 and between 800 and 1000 ms. 

Consistent with the hypotheses, distractors produced a more negative N1 

deflection at 400 ms. At 600 ms differences are associated with the P3a/novelty 

P3 and P3b responses to distractors and number stimuli respectively. In the 

control condition, as hypothesized, a P3b response is evident that has 

approximately 10 ms later onset and significantly smaller amplitude compared to 

the novelty-P3 deflection to distractors. Finally, effects between 800 and 1000 

ms are due to more positive deflections associated with preparation for motor 

responses in the control condition and absence of response in the distractor 

condition. In panel B, differences between the control and simultaneous 

distractor conditions are evident at 700 ms and these effects are bilateral and 

maximal over frontal, anterior frontal and fronto central areas and less 

pronounced at central parietal and right parietal electrodes. These effects are 

associated with the P3 deflection in response to simultaneous distractors. As 

hypothesized, presentation of distractors with number stimuli resulted in 

enhanced P3 amplitudes. Compared to simple number stimuli that produced a 

small target P3b, simultaneous distractors enhanced the amplitude and the 

latency of the signal. Also, compared to distractors, simultaneous distractors 

shifted the onset of the P3 achieving comparable onset with the P3b observed in 

the number condition. Although there are some right lateralized parietal effects, 

differences were noticeable mainly at frontocentral areas. In panel C, differences 

between the control and preceding distractor conditions are evident at 110 ms 

associated with the N1 response, which as hypothesized, compared to the control 

condition, preceding distractors resulted in more negative deflections. These 

differences were maximal over central and frontocentral electrodes. At 200 ms 

there are differences in the P2 response where preceding distractors produced 

smaller responses and are maximal over parietal and central parietal electrodes of 

the left hemisphere. As predicted, effects are also present at 300 ms maximal at 

frontal, and frontocentral areas in both hemispheres, which are associated with a 

large P3a/novelty-P3 response to preceding distractors. There are also effects at 

400 ms at frontal and frontocentral areas in both hemispheres and some right 

lateralized effects, which are associated with the N1 response. Contrary to the 

hypotheses, the N1 response to the number stimulus was significantly more 

positive. Similarly, the amplitude of the P2 increased and the differences were 
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evident at 500 ms at central parietal areas. Effects were also observed at 600 ms 

at frontocentral and temporal areas in the right hemisphere which appear to be 

associated with an enhanced P3b response to number stimuli after distraction. 

Finally, some small effects were observed between 900 and 1000 ms that were 

associated with more positive LRP responses to the number stimulus following 

distraction. 

The ANOVA also revealed significant phase x condition interactions 

(Figure 30). 

  

Figure 30. ANOVA results illustrating significant phase x condition interactions 

(top) and the topographic maps of the effects (bottom). 

 

The above graph shows the significant phase x condition interactions 

across groups between 100 and 150 ms associated with the N1 to S1, between 

300 and 400 ms associated with the P3 to S1 and between 550 and 650 ms, 

which is the latency of the P2 to S2. These effects are maximal at the latency of 

Phase x Condition interaction 

1 

1 
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the P3 to S1 at 350 ms [1] at frontal, central and central parietal electrodes. 

Contrasts were performed to explore these effects in more detail (Figure 31). 

 

Figure 31. Results from the contrasts exploring the interaction of condition x 

phase and the ERPs at electrode Cz. A Control Phase1 > Phase 2 [1 0 0 0 -1 0 

0 0]. B Distractor Phase1 > Phase 2 [0 1 0 0 0 -1 0 0]. C Simultaneous 

Phase1 > Phase 2 [0 0 1 0 0 0 -1 0]. D Preceding Phase1 > Phase 2 [0 0 0 1 0 0 

0 -1]. 

 

Phase x Condition comparisons 

A 

B
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D 

  Phase 1 
  Phase 2 
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 Figure 31 illustrates significant differences between phase 1 and phase 2 

in each condition. In all conditions ERP deflections were more negative going in 

phase 2. Panel A shows significant differences in the control condition, panel B 

demonstrates phase effects in the distractor condition, panel C demonstrates 

differences in the simultaneous distractor condition and panel D demonstrates 

differences in the preceding distractor condition. As it can be seen in these 

graphs, the significant phase x condition interaction maximal at 350 ms is due to 

P3 deflections becoming more negative in phase 2 in the preceding distractor 

condition (panel D), which is consistent with the hypotheses. These effects are 

localized at central, frontal, parietal, frontocentral and central parietal electrodes. 

Also, the significant interaction at the latency of the N1 to S1 was due to more 

negative N1 deflections in phase 2 in response to the preceding distractor. 

Similarly, significant reductions in the amplitude of the P2 to S2 were observed 

in the simultaneous and preceding distractor conditions. 

The ANOVA also revealed significant main effects of group (Figure 32). 
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Figure 32. ANOVA results illustrating significant group effects. A Electrodes 

and time frames of significant effects. B Mean difference between groups at 

the optimized electrode. C Topographic maps of significant effects DERPs 

for non-smokers (blue line) and smokers (yellow line) collapsed across phase and 

condition. 

The graph illustrates significant effects of group across condition and 

phases maximal at 690 ms and lasting up to 800 ms at parietal, occipital and 

parietal occipital electrodes [1]. These effects are associated with the N2 and P3 

responses to S2 followed by a positive deflection associated with preparation for 

motor responses. Waveforms are more positive in non-smokers than smokers. 

Finally, there was a significant group x condition interaction (Figure 33). 

Main effects of group 
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Figure 33. ANOVA results illustrating group x condition interactions (top) and 

the topographic maps of the effects (bottom). 

The graph demonstrates significant group x condition interactions starting 

at 850 ms [1] at occipital and parietal occipital electrodes. Further effects are 

observed at 900 ms at parietal and central parietal electrodes of the left 

hemisphere and at central, frontal and frontocentral electrodes of the right 

hemisphere. Contrasts were performed to explore the interaction of group by 

condition. These are illustrated in Figure 34 below. 

Group x Condition interaction 

1 

1 
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Figure 34. Contrasts illustrating significant group by condition interactions and 

the ERPs comparing non-smokers and smokers across phases. A Group 

comparison for the control condition [1 0 0 0 1 0 0 0]. B Group comparison for 

the distractor condition [0 1 0 0 0 1 0 0]. 

 

Contrasts comparing group effects did not yield significant differences 

for the simultaneous and preceding distractor conditions. For the control 

condition, Figure 34, panel A demonstrates effects at the latencies of the N2 and 

P3b, where non-smokers’ responses are more positive compared to smokers. 

Also, effects are observed between 800 and 1200 ms associated with motor 

responses where non-smokers produce larger responses than smokers. Panel B 

shows group comparisons for the distractor condition between 820 and 1100 ms 

associated with suppression of response in this condition where smokers’ LRP 

amplitudes are larger than non-smokers’. 

Group x Condition comparisons 
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  Non-Smokers 
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Summary of findings 

 

This study sought to explore the behavioral and electrophysiological indices of 

distraction when making number parity decisions. Performance of a group of 

non-smokers was compared to a group of withdrawn cigarette smokers and after 

nicotine intake using a sublingual tablet delivering 2 mg of nicotine. Behavioral 

measures included accuracy (% of correct responses), d’, CV and RT. ERP 

measures included measurement of the amplitude variations of previously 

identified markers of auditory attention processing and distraction, namely the 

N1, P2, P3a/novelty-P3, P3b and LRP components, for each trial pair (S1, S2). 

 The present findings should be discussed with respect to design and 

methodological issues of the current study, as these are viewed in the context of 

predefined guidelines set in previous research (e.g., Luck, 2005b; see Chapter 2). 

First, compared to traditional signal-averaging procedures used in ERP research, 

the LiMo toolbox used for the analysis of ERPs in the present study provides a 

robust approach to analyze evoked responses over all space and time dimensions, 

while accounting for single trial variability using a simple hierarchical linear 

modeling of the data (Pernet et al., 2011). With respect to studying ERP 

variations, the current study employed a fairly new paradigm, therefore the 

present analysis attempted to provide a more general overview of the different 

underlying components involved. Nevertheless, the ERP components under 

investigation have been well characterized in previous literature. Furthermore, 

the key ERP components under investigation (i.e., N1, P3a, P3b, LRP) are 

insensitive to large distortions from other components, which is important for 

producing more accurate measurements. 

As it was expected, overall, response sensitivity and latencies improved 

overtime and ERP amplitudes became more negative, suggesting that 

performance improved with practice. Withdrawal from nicotine impaired RT 

performance for simple number decisions and numbers presented simultaneously 

with distractors, compared to non-smokers, and as expected nicotine intake 

normalized performance. Although the explanation of this finding is limited due 

to the presence of practice effects, it is argued that based on the observed 
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impairments on performance during withdrawal and the larger improvements in 

RTs in smokers after nicotine intake, compared to non-smokers, this effect could 

represent normalization of performance due to alleviation of the withdrawal 

symptoms. Also, overall, smokers demonstrated more negative P3b responses 

when making simple number decisions compared to non-smokers. The parietal 

P3b is elicited in response to meaningful stimuli (in this case the numbers) and 

its amplitude is influenced by attention, stimulus saliency and probability, as well 

as is based on resource capacity. For example, its amplitude is found to decrease 

and its latency to be longer in conditions requiring engagement of attentional 

resources whereas increased amplitudes are observed in less demanding 

conditions (Polich, 2007). For example, in Go/No-Go tasks, the amplitude of the 

signal is smaller for Go compared to No-Go conditions. Therefore, the present 

findings suggest that, overall, smokers engaged more attentional resources when 

making simple number decisions, compared to non-smokers. Furthermore, the 

LRP response, which reflects activity in the motor cortex (Coles, 1989), was 

smaller in smokers in this condition, compared to non-smokers suggesting 

reduced covert preparation for motor responses. On the other hand, smokers 

demonstrated increased LRP responses in the distractor condition, where a 

response should be withheld, suggesting some preparation for motor responses, 

whereas non-smokers completely suppressed this response. 

 

The effects of preceding distractors on performance 

Consistent with the hypotheses, distractors preceding the presentation of a target 

number elicited orientation of attention and altered the processing of the number. 

Orienting of attention to preceding distractors was marked by enhancement of 

the N1 and P3a responses, as well as decrements in the amplitude of the P2. 

However, the 300 ms ISI used between the distractor and number stimuli was not 

sufficient to allow full separation of ERP components elicited by the two stimuli. 

Specifically, the P3a response elicited by the presentation of the preceding 

distractor at approximately 300 ms, overlapped with the P50 component elicited 

by the presentation of the number stimulus at approximately 350 ms. 

Nevertheless, the large amplitude and duration of the P3a response and the 

shorter P50 deflection were distinct enough to carry out the analysis. 
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 The N1 component is considered to be a marker of involuntary change 

detection in the acoustic energy that “triggers a call for attention” (Naatanen & 

Picton, 1987) and has been associated with processes of selective attention to 

stimulus characteristics (e.g., intensity, spatial properties of stimuli) for later 

pattern recognition and discrimination (Vogel & Luck, 2000). The amplitude of 

the N1 is considered a marker of selecting sensory information for further 

processing (Luck, Woodman, & Vogel, 2000) and is found to increase when 

attention to stimuli is enhanced (Hillyard et al., 1973), whereas decreases for 

targets in unattended locations. Also, this component is not influenced by 

inhibition processes. Therefore, the enhancement in the amplitude of the N1 

elicited by the presentation of preceding distractors reflects enhanced attention to 

this type of stimuli. The P2 component, is suggested to reflect top-down 

regulation processes mediating information between memory systems 

(Freunberger, Klimesch, Doppelmayr, & Höller, 2007), and it is often maximal 

over central areas with generators located in the primary and secondary auditory 

cortices. P2 is generally thought to reflect a cognitive matching system, which 

compares sensory input to representations stored in memory (Luck & Hillyard, 

1994). Its amplitude is found to be modulated by aspects of recognition and it is 

enhanced after stimulus repetition and learning (Tremblay, Kraus, McGee, 

Ponton, & Otis, 2001), efficient selective attention, but also when target stimuli 

are less frequent. On the other hand, more probable targets, as well as increased 

attention, decrease its amplitude. Therefore, the decrements in the amplitude of 

the P2 observed in response to preceding distractors reflect increased attention to 

these stimuli. Finally, enhancement of the P3a component is thought to reflect 

processes leading to attention orienting (Escera et al., 2000) and processing of 

novelty, including early attention processes that involve changes in frontal 

working memory representations (Polich, 2007). It is also suggested that the 

latency of this component varies with stimulus complexity (McCarthy & 

Donchin, 1981).  

Following distraction, ERPs in response to the number stimulus became 

significantly more positive indicating reduced engagement with the target and 

increased preparation for motor responses. Behaviorally, the hypothesized 

impairments on response accuracy and variability following distraction were not 
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observed. However, this type of distractors impaired response sensitivity and 

latencies by 21 ms. These effects are supported by decrements in the amplitude 

of the frontocentral N2 component, which reflects conflict detection by the ACC 

as it has been found to increase during response conflict situations (Van Veen & 

Carter, 2002).Therefore the decrements in the amplitude of the N2 in this 

condition might reflect reduced conflict associated with processing the target. 

Furthermore, the enhancement of the P3b component in this condition reflects 

reduced engagement with target stimuli. 

 Overall, ERP responses became more negative overtime suggesting a 

reduction in the effects of preceding distractors and improvement in processing 

the numbers (i.e., increased engagement with the stimuli) as well as reduced 

preparation for motor responses. These effects were also supported behaviorally 

by improvement in response latencies. However, the hypothesis that smokers 

would exhibit increased signs of distraction during withdrawal and that nicotine 

intake would enhance performance was not confirmed in this condition. 

 

The effects of simultaneous distractors on performance 

Consistent with the hypotheses, distractors simultaneously presented with 

the target number did not cause orientation of attention as indicated by absence 

of a P3a response. However, this type of distractors enhanced the amplitude of 

the N1 signal, whereas reduced the amplitude of the N2 signal and increased the 

amplitude and latency of the target P3b. Behaviorally, these effects were 

supported by impairments in response accuracy and sensitivity, compared to 

simple number decisions, but contrary to the hypotheses response variability and 

latencies were not affected. Furthermore, this type of distractors impaired 

response sensitivity more than preceding distractors. The findings suggest that 

these stimuli were selected for further processing, as reflected by the enhanced 

N1 deflection. Decrements in the amplitude of the N2 component reflect reduced 

conflict associated with making number decisions. Furthermore, enhancement of 

the amplitude of the P3b suggests reduced engagement with the number stimuli. 

On the other hand, the enhancement of the latency of the P3b is found to 

correlate with stimulus complexity, selection efficiency, sustained attention and 



 

 

96 

duration of stimulus evaluation. As previously discussed, the P3b is thought to 

result from matching incoming information with a voluntarily maintained 

attentional trace of the target stimulus (Holdstock & Rugg, 1993). Therefore, 

considering the increased complexity of the number stimuli when presented 

simultaneously with a distractor, the increment in the duration of the signal is 

indicative of prolonged stimulus evaluation in this condition. Furthermore, 

enhancement of the P3b amplitude has also been reported when rare stimuli 

occur in the oddball paradigm, thus also reflecting aspects of presentation 

probability. The combined novel and number stimuli in this experiment were less 

probable targets compared to the frequently occurring targets in the control 

condition, thus it is suggested that the increase in the amplitude of the P3 could 

reflect this aspect. 

Overall, ERP amplitudes became more negative overtime, suggesting that 

participants engaged more with the target numbers and were less distracted by 

simultaneous distractors. Again, these findings suggest enhancement of attention 

to, and processing of these stimuli, and increased conflict suggesting enhanced 

perceptual elaboration. The reduction of the amplitude and the duration of the P3 

deflection over time suggests that participants were more efficient in allocating 

attention, and required less time to evaluate the number stimuli. Possibly these 

results can be construed as reflecting practice effects, particularly in focusing 

attention but also in suppressing processing of novelty. Also, the reduction in the 

LRP response overtime suggests reduced preparation for motor responses. 

However, behaviorally, there were no effects on response latencies but response 

variability increased overtime in this condition and was larger compared to the 

preceding distractor condition. Finally, contrary to the hypotheses, nicotine 

withdrawal and intake did not have an effect on ERPs in this condition but as 

hypothesized, simultaneous distractors impaired RTs more in withdrawn smokers 

compared to non-smokers and these effects normalized after nicotine intake 

using microtabs. Contrary to the hypotheses though, there were no other 

differences between groups in this condition. 
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Conclusions & Further Work 

 

The distraction manipulations were successful in producing decrements in 

performance on the goal task (number decisions) in both groups. Taken together, 

the behavioral and EEG findings summarized above, suggest that participants 

manifested signs of distraction in response to auditory distractors presented 

simultaneously or prior to a number decision but the effects were larger for 

preceding distractors due to orientation of attention to and from the distractor. 

 Overall, attention to and processing of numbers were impaired following 

distraction. As discussed above, orientation to preceding distractors would 

require more stimulus evaluation resources and therefore, processing of the 

number stimulus would rely on limited resources. Consistent with the 

hypotheses, this type of stimuli impaired response latencies and sensitivity. 

However, contrary to the hypotheses, response accuracy and variability were not 

affected. Overtime, participants were able to allocate attentional resources more 

efficiently in making number decisions due to a reduction in orienting to task-

irrelevant stimuli and these effects were supported by improvements in response 

latencies. 

 Simultaneous presentation of the novel and the target number was 

associated with reductions in accuracy and response sensitivity but contrary to 

the hypotheses response latencies and variability were not affected. The ERP 

findings suggest that participants engaged less and demonstrated prolonged 

evaluation of these less probable, complex stimuli. Overtime, participants 

appeared to engage more with the stimuli. However, behaviorally, participants 

demonstrated increased response variability overtime and no changes in the other 

measures. 

 Overall, the hypothesized impairments on behavioral and ERP 

performance due to nicotine withdrawal were not confirmed. However, in the 

simultaneous distractor condition, withdrawn smokers were slower compared to 

non-smokers. Similarly, the hypothesis that nicotine would enhance performance 

was not confirmed. But in the simultaneous distractor condition, smokers’ 

response latencies improved after nicotine intake, more than non-smokers’ and 
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this effect was attributed to alleviation of withdrawal symptoms. Furthermore, 

smokers appeared to engage more attentional resources in making simple number 

decisions compared to non-smokers. 

 Finally, a closer examination of the data revealed that the level of 

smokers’ daily cigarette consumption varied. Specifically, half of the 

participants’ mean daily cigarette consumption was below 10 cigarettes (light 

smokers) whereas half of the participants consumed above 10 cigarettes (heavy 

smokers). It is argued that the group of light smokers is potentially adding noise 

to the data. Therefore, further exploratory analyses were performed on the 

behavioral data comparing non-smokers to the group of heavy smokers.  
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Exploratory analyses 

 

Further inspection of the data revealed that the experimental group could be split 

in two groups according to mean daily cigarette consumption. Half of the 

participants’ mean daily cigarette consumption was below 10 cigarettes per day 

(light smokers) and half of the participants smoked above 10 cigarettes (heavy 

smokers). It was argued that the subgroup of light smokers could potentially add 

noise in the data. Therefore, to investigate this claim further analyses were 

performed to explore the differences between heavy smokers (N = 12; microtab 

group) and non-smokers (N = 21). The group of light smokers was excluded 

from this analysis. The results are reported below. 

 

Behavioral Results 

 

Mean performance (% correct) and SEM for making judgments in number 

decisions in each condition and phase for the two groups (non-smokers, heavy 

smokers) are shown in Figure 35 below. The distractor condition was omitted 

for this analysis. 

 

Figure 35. Mean accuracy (% of correct responses) and SEM in each condition 

(c, s, p), in phase 1 and 2, for non-smokers and heavy smokers. 
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To explore these effects in detail, a 2 x 2 x 3 Mixed repeated measures 

ANOVA was carried out on accuracy with factors of group (non-smokers, heavy 

smokers), phase (phase 1, phase 2) and condition (c, s, p). The ANOVA did not 

reveal any significant effects or interactions. However, multivariate tests 

revealed that the main effect of condition was significant F(2, 31) = 4.05, p < 

.05, r = .34. Within subjects contrasts revealed that overall, accuracy for simple 

number decisions was significantly higher (M = 89.69, SE = .65) than in the 

simultaneous distractor condition (M = 87.75, SE = .81; F(1, 32) = 6.95, p < .05; 

r = .42). 

 

Sensitivity measure 

Sensitivity was measured by calculating the d’. Figure 36 demonstrates 

sensitivity for each group and condition, in the two phases of the experiment. 

The distractor condition was omitted for this analysis. 

 

Figure 36. The mean d’ and SEM for each stimulus condition in phase 1 and 2 of 

the experiment for non-smokers and heavy smokers. 
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To explore sensitivity, a 2x2x3 Mixed repeated measures ANOVA was 

carried out with factors of group (non-smokers, heavy smokers), experiment 

phase (phase 1, phase 2) and condition (c, s, p). All effects are reported as 

significant at p < .05. Mauchly’s test revealed that the assumption of sphericity 

was violated for the main effect of condition, 2(2) = 11.78, p < .05. Therefore 

degrees of freedom were corrected using Greenhouse-Geisser estimates of 

sphericity ( = .76). 

There was a significant main effect of phase, F(1, 32) = 8.02, r = .45, 

where consistent with the hypotheses, sensitivity in phase 1 (M = 3.45, SE = .06) 

was significantly lower than in phase 2 (M = 3.62, SE = .07; p < .05). The 

analysis also revealed a main effect of condition, F(1.52, 48.63) = 50.14, r = .70, 

where as predicted, sensitivity was significantly higher for simple number 

decisions (M = 4.00, SE = .11) than preceding distractors (M = 3.36, SE = .05; p 

< .001) and simultaneous distractors (M = 3.27, SE = .06; p < .001). However, 

contrary to the hypotheses sensitivity did not differ between the simultaneous 

and preceding distractor conditions. 

 

Reaction Times 

The mean RTs and SEM for all conditions for non-smokers and heavy smokers 

in phase 1 and phase 2 are illustrated in Figure 37. 
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Figure 37. The mean RTs and SEM for each stimulus condition (c, s, p), in phase 

1 and 2 of the experiment for non-smokers and heavy smokers. 

 

To explore these effects in detail, a 2x2x3 Mixed repeated measures 

ANOVA was carried out on RTs with factors of group (non-smokers, heavy 

smokers), experiment phase (phase 1, phase 2) and condition (c, s, p).  All effects 

are reported as significant at p < .05.  

There was a significant effect of group, F(1, 32) = 6.80, p < .05, r = .42. 

As predicted, overall, heavy smokers (M = 719, SE = 18.70) were significantly 

slower compared to non-smokers (M = 657, SE = 14.71; p < .05). The ANOVA 

also revealed a significant main effect of phase, F(1,32) = 22.45, r = .64, where 

overall, RTs in phase 1 were significantly slower (M = 703 ms, SE = 12.41) than 

in phase 2 (M = 673 ms, SE = 12.22; p < .001). There was also a significant main 

effect of experimental condition on RTs, F(2,64) = 36.95, r = .60. Pairwise 

comparisons revealed that consistent with the hypotheses, RTs for simple 

number decisions (M = 679 ms, SE = 11.49) were significantly faster than in the 

preceding distractor condition (M = 703 ms, SE = 12.21; p < .001) but contrary 

to the hypotheses simultaneous distractors did not significantly affect RTs. 

Similarly, consistent with the hypotheses, preceding distractors impaired 

response latencies more than simultaneous distractors (M = 682 ms, SE = 12.36; 

p < .001). 
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The interaction between condition and group approached significance (p 

= .06). Finally, there was a significant phase x condition x group interaction, F(2, 

64) = 5.40, r = .28. Contrasts revealed that the comparison of RTs between the 

simultaneous and preceding distractor condition, when comparing phase 1 to 

phase 2 between groups was significant, F(1, 32) = 6.55, r = .41. These effects 

are illustrated in Figure 38. 

 

 

Figure 38. Results from the ANOVA illustrating significant phase x condition x 

group interactions. 

 As shown in the figure above, the differences between the simultaneous 

and preceding distractor conditions in phase 1 are significantly larger for non-

smokers compared to withdrawn smokers who exhibit comparable performance 

in both conditions. However, in phase 2, smokers do demonstrate differences 

between the distractor conditions and the direction of the effects is comparable to 

that demonstrated in non-smokers; that is, preceding distractors slow RTs more 

than simultaneous distractors. 

 Independent samples t-tests revealed that in phase 1, the difference 

between the simultaneous and preceding distractor conditions was larger in non-

smokers (M = -32.47, SE = 5.98) than withdrawn smokers (M = -1.15, SE = 

10.88; t(32) -2.74, p < .05, r = .40). As discussed above this is due to non-

smokers being slower in the preceding distractor condition relative to the 

simultaneous distractor condition, compared to smokers who are equally slow in 

both conditions. Further tests comparing RTs in each condition, between phases 

Phase x Condition x Group Interaction 
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and groups revealed that in the simultaneous distractor condition, although both 

groups were faster in phase 2, as predicted the difference in RTs between phases 

was significantly larger for smokers (M = 51.18, SE = 12.00) than non-smokers 

(M = 12.68, SE = 7.74; t(32) = -2.83, p < .05, r = .45). 

 

Coefficient of Variation 

The CVs and SEM for all conditions for the two groups in phase 1 and phase 2 

are illustrated in Figure 39. 

 

 

Figure 39. CV and SEM for each stimulus condition (c, s, p), in phase 1 and 2 of 

the experiment for non-smokers and heavy smokers. 

 

A 2x2x3 Mixed repeated measures ANOVA on the CV scores was 

carried out with factors of group (non-smokers, heavy smokers), experiment 

phase (phase 1, phase 2) and condition (c, s, p). There were no significant effects 

or interactions.  

 

ERP Results 

 

Single trial analysis (LIMO EEG toolbox (Pernet et al., 2011; Rousselet et al., 

2009)) was applied at each time point and electrode. A 2x2x4 ANOVA was 
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performed on the estimated beta parameters comparing the effect of phase (phase 

1 and 2) and condition (c, d, s, p) between non-smokers and heavy smokers. 

Figure 40 demonstrates the design matrix in LIMO for the 2nd level analysis 

(group analysis). The beta parameters obtained from the 1st level analysis are 

analysed to test for significance across subjects. 

 

 

Figure 40. Design matrix in LIMO for the 2nd level analysis (group analysis) for 

non-smokers and heavy smokers. 

 

ERPs were averaged for each experimental condition (c, d, s, p), in phase 

1 and phase 2 for both groups, at electrodes Fz, Cz and Pz (Figure 41).



 

 

106 

 

Figure 41. Grand-average ERPs elicited at Cz, Fz and Pz by simple number decisions (black line), novel only condition (red line), the 

simultaneous number and novel distractor condition (blue line), and the preceding distractor condition (green line) for non-smokers and heavy 

smokers over phase 1 and 2.
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 As it can be seen in Figure 41, an initial inspection of the data reveals 

that both groups demonstrate a large P3a deflection in response to preceding 

distractors that decreases in phase 2. These effects are maximal at frontal and 

central areas. In the distractor condition, where a number is not present, smokers 

demonstrate clear suppression of a LRP, compared to the other conditions 

containing a number where a LRP is evident, maximal at parietal areas. 

However, withdrawn smokers appear to produce a small LRP in the distractor 

condition that decreases in phase 2. Also, compared to non-smokers, smokers 

produce smaller LRPs in the number conditions, particularly when these are 

compared at central parietal areas.  

 Further plots comparing ERPs in phase 1 and phase 2 in each condition, 

for the group of smokers, the waveforms in each condition and phase for heavy 

smokers at the electrodes showing the strongest effects (i.e. largest R2), and the 

mean waveforms in each condition and phase for heavy smokers, at each 

electrode are presented in Appendix B. 

 The ANOVA results illustrated below use a spatial-temporal cluster 

correction. Results are reported significant at p < 0.05. Figure 42 demonstrates 

the main effects of phase across conditions and groups in response to a trial pair 

(S1: 0 ms, S2: 300 ms). 
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Figure 42. ANOVA results illustrating main effects of phase across groups and 

conditions. AElectrodes and timeframes showing significant effects. BMain 

phase differences at the electrode showing the strongest effect (Pz). Time points 

of significant differences (95% percentile bootstrap) are marked with horizontal 

red lines. CTopographic maps of the effects. 
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 As it is demonstrated in the figure above, there are significant differences 

at different latencies, starting at 200 ms after presentation of S1 up to 1200 ms. 

Contrasts were performed to identify the direction of these effects (Figure 43). 

 

Figure 43. Results from the contrasts showing areas of significance where phase 

1 differed from phase 2 (Phase 1 > Phase 2 [1 1 1 1 -1 -1 -1 -1]) across 

conditions and groups and the ERP differences at the electrode showing the 

strongest effect (PO3). 

As it is shown in the figure above, ERPs were more positive in phase 1 

compared to phase 2 at different latencies, starting at 200 ms up to 1200 ms. 

Figure 44 illustrates main effects of condition. 

 

Phase comparison 
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Figure 44. ANOVA results illustrating main effects of condition across groups 

and phases (top) and the topographic maps of the effects (bottom). 

Main effects of condition were evident between 150 and 250 ms [1] 

maximal at parietal, central and occipital areas. Differences were also observed 

between 300 and 400 ms [2] at frontal and frontocentral areas. Finally, effects 

were observed between 550 and 1100 ms [3]. The latter effects are evident 

initially at parietal and occipital electrodes and later at central and central parietal 

electrodes maximal in the left hemisphere. Contrasts were performed to explore 

the effects of condition (Figure 45). 
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Figure 45. Results from the contrasts showing significant condition effects across 

phases and groups. A  Control [1 0 0 0 1 0 0 0]. B  Distractor [0 1 0 0 0 1 0 0]. 

C  Simultaneous [0 0 1 0 0 0 1 0]. D  Preceding [0 0 0 1 0 0 0 1]. E  ERPs for 

the control (black line), distractor (red line), simultaneous (blue line) and 

preceding (green line) conditions at electrode Cz. 

The figure above, illustrates significant effects in each condition across 

groups and phases. Panel A demonstrates significant effects in the control 

condition. After presentation of S1 at 0 ms (tone) effects are evident at 200 ms at 

Condition comparisons 

C 

B 

E 

D 

A 

     ____ Control 
     ____ Distractor 
     ____ Simultaneous 
     ____ Preceding 



 

 

112 

the latency of the P2 maximal at central and parietal areas in both hemispheres. 

Some weaker effects are also evident at 300 ms at central and frontocentral areas. 

Similarly, some effects are demonstrated between 600 and 700 ms at frontal and 

frontocentral areas, which is the latency of the P3 to S2 (the number stimulus). 

Finally, there are significant effects between 750 and 1000 ms maximal at 

parietal and parietal-occipital electrodes in the left hemisphere, which are 

consistent with preparation for motor responses after presentation of the number 

stimulus. 

Panel B demonstrates significant effects in the distractor condition. 

Initially, there are effects between 300 and 400 ms which is the latency of the P3 

to S1 (tone) and at the latency of the N1 to S2 (distractor stimulus), between 400 

and 500 ms. Both effects are maximal at central and frontal areas. There are also 

significant differences at parietal and occipital areas between 500 and 650 ms, 

which is the latency of the P2 in response to the distractor. Finally, effects are 

evident between 700 and 1100 ms maximal at parietal and central-parietal 

electrodes in the left hemisphere, associated with preparation for motor 

responses. In this condition, participants are required to suppress a response, 

therefore these effects are due to differences between this non-response condition 

and the other conditions requiring a response. 

Panel C demonstrates significant effects in the simultaneous distractor 

condition. There are significant effects at 200 ms in response to S1 (tone) 

maximal at frontal and frontocentral electrodes. Effects are also evident between 

700 and 1000 ms maximal at parietal and central parietal areas in the left 

hemisphere associated with motor responses. 

Finally, panel D demonstrates significant effects in the preceding 

distractor condition. There are significant effects at the latency of the N1 to S1 

(distractor stimulus) at frontal and central areas and at the latency of the P2 

maximal at parietal and occipital areas. There are also significant bilateral effects 

between 300 and 400 ms at the latency of the P3 to S1which are maximal at 

central frontal and frontocentral areas. Significant effects are also observed 

between 400 and 500 ms at frontal and frontocentral areas associated with the N1 

to S2 (number stimulus). Some effects are also observed at parietal and occipital 
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areas between 600 and 700 ms. Finally, there are significant effects between 700 

and 1100 ms at parietal and central parietal areas associated with preparation for 

motor responses. 

As demonstrated in panel E, distractors preceding the number stimulus 

produced more negative N1 and P2 deflections, compared to the other conditions 

where a tone was presented. Following these effects, preceding distractors 

produced a large P3a response. In the distractor condition again distractors 

produced a more negative N1 deflection compared to the other conditions, 

followed by a more negative P2 response. Furthermore, the latency of the P3 in 

response to the distractor stimulus was earlier than in the other conditions. This 

effect can also be observed in response to presentation of preceding distractors. 

However, in the preceding distractor condition, after presentation of the number 

stimulus, a small P3a response is also evident, in contrast to the control 

condition. When a number stimulus was simultaneously presented with a 

distractor, N1 and P2 responses were slightly larger but essentially not affected. 

However, a small P3 response was evident which was similar to that produced in 

the preceding distractor condition after presentation of the number stimulus. 

Finally, as expected, there are large positive deflections (LRPs) associated with 

preparation for motor responses in the three number conditions and suppression 

of this response in the distractor only condition. 

Contrasts comparing the control condition to each of the three distractor 

conditions (distractor, simultaneous, preceding) are illustrated in Figure 46. 
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Figure 46. Results from the contrasts showing where the control condition 

differed from each of the three distractor conditions across phases and groups 

and the ERPs at electrode Cz. A  Control > Distractor [1 -1 0 0 1 -1 0 0]. B  

Distractor effects 
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Control > Simultaneous [1 0 -1 0 1 0 -1 0]. C  Control > Preceding [1 0 0 -1 1 0 

0 -1]. 

In the figure presented above, panel A demonstrates the distractor effect. 

Specifically, there are significant bilateral effects between 400 and 500 ms at 

frontal and frontocentral areas, which are associated with more negative N1 

deflections in the distractor condition in response to the distractor stimulus. 

Effects are also observed between 500 and 600 ms at parietal and occipital areas, 

associated with smaller P2 deflections in response to the distractor stimulus. 

There are significant effects between 600 and 700 ms at occipital and 

frontocentral areas, reflecting a small P3a response in the distractor condition, 

compared to absence of response in the control condition. Finally, there are 

significant effects between 700 and 1100 ms maximal at left parietal and central 

parietal electrodes associated with preparation for motor responses. Panel B 

illustrates significant simultaneous distractor effects. There are significant 

distractor effects at the latency of the P3 to S2, where distractors were 

simultaneously presented with the number stimulus. These effects are maximal at 

frontal and frontocentral electrodes. 

Finally, preceding distractor effects are illustrated in panel C. There are 

differences at 110 ms at frontal and frontocentral areas where the N1 deflection 

was more negative in response to preceding distractors, compared to the control 

condition. Also the P2 deflection was significantly more negative and these 

effects are maximal at parietal and parietal occipital electrodes at 200 ms. These 

effects are followed by significant differences at 300 ms and at 400 ms at frontal 

and frontocentral areas associated with a large P3a response in response to 

preceding distractors and a more positive subsequent N1 deflection in response 

to the number stimulus, respectively. Finally, there are significant differences 

between 600 and 800 ms at central and central parietal electrodes reflecting a 

more positive P2 deflection and a small P3a response, respectively, in response 

to the number stimulus in the preceding distractor condition. 

Figure 47 illustrates the phase x condition interaction. 
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Figure 47. ANOVA results illustrating phase x condition interactions across 

groups and the topographic maps of the effects. 

 As it is evident in the figure above, there are significant effects at 100 ms, 

between 300 and 400 ms and at around 600 ms at frontal, frontocentral and 

parietal electrodes. To understand these effects, contrasts comparing phase 

differences in each condition are illustrated in Figure 48. 

Phase x Condition interaction 
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Figure 48. Results from the contrasts showing phase differences (Phase 1 > 

Phase 2) in each condition across groups and the ERPs at electrode Cz. A  

Control condition [1 0 0 0 -1 0 0 0]. B  Distractor condition [0 1 0 0 0 -1 0 0]. C 

Phase comparison at Cz 
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 Simultaneous condition [0 0 1 0 0 0 -1 0]. D  Preceding condition [0 0 0 1 0 0 0 

-1]. 

In the figure above, panel A demonstrates significant phase differences in 

the control condition. These effects are evident between 200 and 300 ms, at the 

latency of the P2 to S1, at frontocentral, central parietal and parietal electrodes 

and are slightly right lateralized. Effects are also observed between 400 and 500 

ms at frontal, frontocentral and central-parietal electrodes in the right 

hemisphere, and are associated with more negative N1 deflections in phase 2. 

Also, there are significant effects between 500 and 600 ms in the same areas 

associated with smaller P2 deflections in phase 2 in response to the number 

stimulus. Significant differences are also observed at 700 ms at frontal, 

frontocentral and central-parietal electrodes in the right hemisphere, associated 

with a reduction in the P3 response to the number stimulus from phase 1 to phase 

2. Finally, there were significant effects between 900 and 1200 ms at frontal, 

frontocentral, central-parietal, and parietal-occipital electrodes reflecting a 

reduction in the amplitude of the positive waveform associated with preparation 

for motor responses in phase 2. 

Panel B illustrates significant phase differences in the distractor 

condition. These effects are evident at 200 ms at frontal and frontocentral 

electrodes reflecting a small reduction in the P2 response to S1 in phase 2. Also, 

there are significant differences at 400 ms at frontocentral and central parietal 

electrodes in the left hemisphere, reflecting a more negative N1 deflection in 

phase 2 in response to S1. Significant differences are also evident at the latencies 

of the P2 and P3 to S2 reflecting a reduction in these responses in phase 2. These 

effects are maximal at frontocentral, parietal and central parietal electrodes in the 

left hemisphere. Finally, there are significant effects between 900 and 1100 ms in 

the same areas, reflecting more negative deflections in phase 2 associated with 

preparation for motor responses. 

Panel C shows significant phase differences in the simultaneous distractor 

condition. All effects were due to a reduction in the amplitude of the waveforms 

from phase 1 to phase 2. Effects are evident at 300 ms reflecting a reduction in 

the P3 response to S1 at central-parietal and parietal electrodes. These are 
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followed by effects at 400 ms at frontal and parietal electrodes associated with 

the N1 response to S2. There were also effects between 500 and 700 ms maximal 

at parietal and central parietal electrodes in the right hemisphere reflecting 

reduction in the P2 and P3 responses to S2. Finally there were significant 

differences between 900 and 1200 ms at parietal and parietal occipital electrodes 

associated with preparation for motor responses. 

Panel D shows phase differences in the preceding distractor condition. As 

before, these effects are due to a reduction of the amplitude of the waveforms 

from phase 1 to phase 2. There are significant effects at 50 ms after presentation 

of S1 at parietal and frontocentral electrodes associated with the P50 response. 

Also there are significant effects at 200 ms at parietal and occipital electrodes 

associated with the P2 response to the preceding distractor. Further effects are 

observed at 300 ms maximal at central, frontocentral and parietal areas 

associated with the P3a response to the distractor. Effects are also evident 

between 500 and 700 ms at central, frontocentral and frontal electrodes 

associated with the N1 and P2 responses to the number stimulus. Some parietal 

effects are also observed at 1000 ms reflecting an earlier reduction in the 

amplitude of the positive wave associated with motor responses in phase 2 

compared to phase 1. 

Figure 49 shows the significant group x phase interaction. 
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Figure 49. ANOVA results illustrating group x phase interactions across 

conditions (top) and the topographic maps of the effects (bottom). 

 

 As it is evident in the figure above, there are significant effects at 200 ms 

after presentation of S1, at parietal and parietal occipital electrodes in the left 

hemisphere [1]. Contrasts were performed to explore these effects (Figure 50). 

Group x Phase interaction 

1 
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Figure 50. Results from the contrasts illustrating group x phase interactions 

across conditions and the ERPs at electrode Cz. A  Electrodes and timeframes 

showing significant effects. B  ERP phase differences (phase 1: purple line; 

phase 2: blue line) for non-smokers (left) and smokers (right). C  ERP group 
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differences (non-smokers: blue line; smokers: yellow line) in phase 1 (left) and 

phase 2 (right). 

The effects illustrated in the above figure are evident at 200 ms at parietal 

and central parietal electrodes in the left hemisphere and are associated with a 

reduction in the P2 response in the group of heavy smokers in phase 2. Some 

effects are also observed at occipital areas at 500 ms associated with more 

negative P2 deflections in phase 2 in the group of heavy smokers. However, 

these effects were not strong. Finally, the ANOVA also revealed a group x 

condition interaction. These effects are shown in Figure 51. 

 

 

Figure 51. ANOVA results illustrating group x condition interactions across 

phases (top) and the topographic maps of the effects (bottom). 

 As illustrated in the figure above, there are significant effects between 

850 and 1000 ms at frontocentral, central parietal and parietal electrodes in the 

left hemisphere associated with preparation for motor responses. Figure 52 

illustrates contrasts comparing group effects in each condition. Effects were 

evident only for the group comparison in the control and distractor conditions. 

Group x Condition interaction 
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No significant effects were found for the simultaneous and preceding distractor 

conditions. 

 

 

Figure 52. Contrasts illustrating significant group by condition interactions and 

the ERPs at electrode Cz comparing non-smokers and smokers in each condition 

(non-smokers: blue line; heavy smokers: yellow line). A  Group comparison for 

the control condition [1 0 0 0 1 0 0 0]. B  Group comparison for the distractor 

condition [0 1 0 0 0 1 0 0]. 

 As illustrated in panel A in the figure above, there are significant group 

effects in the control condition localized at right parietal, central parietal, 

frontocentral and frontal electrodes. These effects are associated with larger 

amplitude in the deflection associated with preparation for motor responses in the 

non-smokers’ group. In panel B there are also significant effects at the same 

latencies at central parietal and parietal areas associated with motor responses in 

the distractor condition. As it can be seen in the ERP waveforms, smokers 
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produce larger deflections as if they were preparing to respond although there is 

not a number stimulus. 

Figure 53 illustrates contrasts of the group x distractor effects 

interactions. There were no significant group differences for the comparison of 

the control to the preceding distractor condition. 

 

 

Figure 53. Contrasts illustrating significant group by distractor effect interactions 

across phases and ERP differences at the electrode showing the strongest effect. 

A  Group comparison for the distractor effect (contrast of control and distractor 

[1 -1 0 0 1 -1 0 0]) at electrode P7. B  Group comparison for the simultaneous 

distractor effect (contrast of control and simultaneous distractor [1 0 -1 0 1 0 -1 

0]) at electrode Cz. 

Group x Distractor effect comparisons 
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 As illustrated in panel A in the figure above, there are significant effects 

associated with preparation for motor responses maximal at parietal and central 

parietal electrodes. Panel B illustrates significant effects between 600 and 700 

ms at parietal-occipital electrodes. Further effects are observed at frontocentral 

and central parietal electrodes associated with preparation for motor responses. 

One-sample t-tests exploring the effects in the group of heavy smokers are 

illustrated below. Figure 54 demonstrates significant phase differences. 
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Figure 54. Results from the one-sample t-test for the group of heavy smokers. A  

Areas where phase 1 differed from phase 2 (Phase 1 > Phase 2 [1 1 1 1 -1 -1 -1 -

1]). B  Mean ERP differences at the electrode showing the strongest effect 

(PO3). C  Topographic maps of the effects. 

 There are significant effects, where ERPs in phase 1 were more positive 

compared to phase 2, at central, central parietal, parietal occipital and 

frontocentral areas between 100 and 700 ms and between 850 and 1100 ms. 

Figure 55 demonstrates the results from the one-sample t-test for the distractor 

effects (comparison of control condition to each distractor condition) across 
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B 

A 

C 
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phases. There were no significant effects for the comparison of control to 

simultaneous distractor condition. 

 

Figure 55. Results from one-sample t-tests and mean ERPs illustrating areas 

where the control condition differed from each distractor condition in the group 

of heavy smokers. A  Control > Distractor [1 -1 0 0 1 -1 0 0], maximal at P3. B  

Control > Preceding [1 0 0 -1 1 0 0 -1], maximal at AF4. 

 As it is demonstrated in panel A in the above figure, there are significant 

effects associated with preparation for motor responses which reflects 

suppression of responding in the distractor condition compared to the control 

condition. Panel B illustrates significant effects at the latency of the P2 to the 

preceding distractor over the whole scalp. Further effects are evident at the 

latency of the P3 to preceding distractors at frontal, frontocentral and central 

parietal electrodes followed by effects associated with the N1 response to S2 at 

frontocentral and central parietal electrodes. Finally there are significant effects 

at 600 ms at central parietal, left parietal and frontocentral electrodes associated 

with the P3 to the second stimulus.  

Distractor effects in Heavy Smokers 

A 

B 
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Further contrasts were performed to explore phase differences in each 

condition (Figure 56). There were no significant effects in the preceding 

distractor condition. 

 

Figure 56. Results from one-sample t-tests and mean ERPs illustrating areas 

where phase 1 differed from phase 2 in each condition in the group of heavy 

smokers. Horizontal red lines demonstrate areas of significant differences. A  

Control [1 0 0 0 -1 0 0 0], at electrode PO4. B  Distractor [0 1 0 0 0 -1 0 0], at 

electrode C3. C  Simultaneous [0 0 1 0 0 0 -1 0], at electrode O1. 
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 In the above figure, panel A illustrates significant phase differences 

associated with the P2 response to S1 in the control condition, maximal at 

central, parietal and frontocentral areas. Panel B illustrates effects in the 

distractor condition between 400 and 600 ms at frontocentral, central parietal and 

parietal electrodes in the left hemisphere, which are associated with the N1 and 

P2 responses to S2. Finally, panel C illustrates effects in the simultaneous 

distractor condition, maximal at occipital and parietal areas at the latencies of the 

P2 and P3 to S2 and associated with preparation for motor responses. 

 

Summary of findings 

 

Exploratory analyses were performed comparing behavioral and 

electrophysiological performance between the group of non-smokers and the 

group of heavy smokers (the light smoker group was excluded from this 

analysis). Overall, response sensitivity and latencies improved overtime. Also, 

ERP responses became more negative going overtime suggesting enhanced 

engagement with the stimuli and reduced distractibility. Also, consistent with the 

hypotheses, heavy smokers were slower than non-smokers. Heavy smokers 

produced significantly less positive LRP amplitudes when making simple 

number decisions, compared to non-smokers, suggesting reduced preparation for 

motor responses. However, in the distractor condition where participants had to 

suppress a response, smokers appeared to produce more positive LRPs compared 

to non-smokers that completely suppressed this response. Smokers produced 

more negative P2 responses after nicotine intake, compared to non-smokers but 

contrary to the hypotheses there were no other effects. 

 

The effects of preceding distractors on performance 

Preceding distractors impaired response sensitivity and latencies, as compared to 

simple number decisions but contrary to the hypotheses this type of distractors 

did not affect response accuracy and variability. The large enhancement of the 

N1 component indicated increased attention to these stimuli and together with 

the reduction in the amplitude of the P2 and the large enhancement of the P3a 
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components would suggest orientation of attention to distractors. Following 

distraction, ERPs associated with the number stimulus became more positive 

suggesting reduced engagement and prolonged evaluation of the number 

stimulus as well as enhanced preparation for motor responses. 

 

The effects of simultaneous distractors on performance 

Simultaneous distractors impaired accuracy and response sensitivity but contrary 

to the hypotheses this type of distractors did not affect response latencies or 

variability. Furthermore, this type of distractors was associated with more 

negative N1 amplitudes suggesting attention to this stimuli, more positive N2 

deflections indicating reduced conflict associated with making number decisions 

and enhancement of the amplitude and latency of the P3b component, which 

suggests reduced engagement with the target as well as prolonged evaluation of 

the stimulus. Contrary to the hypotheses nicotine manipulation did not affect 

performance in this condition, although the observed improvements in response 

latencies were larger for smokers after nicotine intake compared to non-smokers. 

 

Discussion 

 

The purpose of this investigation was to explore the effects of nicotine 

withdrawal and subsequent intake, using a controlled dose (2 mg) of nicotine via 

a Nicorette Microtab. Behavioral and neural correlates of attention orienting and 

auditory distraction in smokers were compared to a group of non-smokers 

(experiment 1). Two types of distractors were used; distractors preceding the 

goal task and distractors simultaneously presented with numbers. Previous 

research (Escera et al., 1998; Parmentier, Elford, Escera, Andrés, & Miguel, 

2008) suggests that performance on a goal task is impaired when attention is first 

allocated to a distractor and then switches back to the target, whereas no lag 

between target stimulus and distractor onset produces smaller performance 

decrements (Shomstein et al., 2010). These effects were confirmed and will be 

discussed next. Finally, closer examination of the data from experiment 1 
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indicated that half of the participants were considered light smokers and half 

were heavy smokers. Therefore, further exploratory analyses were conducted 

excluding light smokers. 

 Overall, performance improved with practice as indicated by 

improvements in response sensitivity and latencies as well as with a reduction in 

ERP amplitudes suggesting increased engagement with the task and reduced 

distractibility. Smokers appeared to use more attentional resources when making 

simple number decisions and demonstrated reduced preparation for motor 

responses, compared to non-smokers. Also, consistent with the hypotheses, 

nicotine withdrawal was associated with slower response latencies when making 

simple number decisions as well as in the presence of simultaneous distractors, 

and these effects normalized after nicotine intake due to alleviation of the 

withdrawal symptoms. However, the hypothesized enhancements on 

performance after nicotine intake were not observed. Furthermore, smokers were 

not able to fully suppress an LRP response in the distractor condition, compared 

to non-smokers, indicating some preparation for motor responses. These effects 

were also observed after exclusion of the light smoker group suggesting that 

nicotine dependence levels do not play a crucial role in these processes. 

However, the observed large reduction of the P2 signal, which reflects increased 

attention, in the heavy smoker group after nicotine intake suggests that high 

levels of nicotine dependence might affect recovery from withdrawal in a 

different way than it does in less dependent smokers. 

 Consistent with previous research (Escera et al., 1998; Parmentier et al., 

2008), distractors preceding the goal task impaired performance. Orientation of 

attention to preceding distractors was marked by enhancement of the N1 and P3a 

response and reduction in the amplitude of the P2 response. These effects were 

followed by changes in the processing of number stimuli, namely reduced 

engagement and processing of numbers and increased preparation for motor 

responses. These effects were supported behaviorally by impairments in response 

sensitivity and latencies. However, the hypothesized impairments on response 

accuracy and variability following distraction were not observed. 
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As suggested by Geng and Vossel (2013), attention reorienting is 

prioritized through the dorsal attention network. It is further demonstrated by 

Spreng et al. (2012), that activity in the dorsal attention system is modulated by 

the fronto-parietal network that acts as a gate-keeper in goal-directed cognition. 

The P3a/novelty-P3 is likely to mark the evaluation of the contextual novelty of 

unexpected sounds and the updating of task set information for GD action 

selection (Escera et al., 2007). Yago and colleagues (2003) suggested that the 

novelty-P3 is associated with activation of the ACC at around 160 ms, followed 

by activation of the bilateral temporoparietal and left frontotemporal cortices at 

200 ms and activation of the superior parietal cortex and areas in the PFC at 300 

ms. These areas have been associated with operations of the executive system 

that enables monitoring and regulation of performance and arousal levels (Raz & 

Buhle, 2006a). 

 Consistent with previous findings (Shomstein et al., 2010), simultaneous 

distractors were associated with smaller impairments on performance. 

Specifically, simultaneous presentation of target stimuli with distractors did not 

lead to orientation of attention, although this type of distractors enhanced 

attention to but reduced processing of target stimuli and prolonged stimulus 

evaluation. These effects were supported by impairments in response accuracy 

and sensitivity but not latencies and variability. Based on previous research (for a 

review see Geng and Vossel, 2013) the enhancement of the P3b in this condition 

might be linked to increased activity in the TPJ, an area that has been associated 

with processes of contextual updating. These findings are in contrast to Corbetta 

and Shulman’s (2008) model about the role of the TPJ in interrupting goal-driven 

attention. As discussed above, the findings in the literature suggest that processes 

leading to the orienting response are marked by the P3a component. Therefore, 

the absence of a P3a response in this condition suggests that orientation of 

attention did not occur. 
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Limitations 

 

With regard to the study design, a number of limitations warrant discussion. The 

methodology of the study was lacking on several fronts. First, biochemical 

verification of nicotine abstinence and normal hearing were not assessed. 

Secondly, this study lacked any task performance measure prior to abstinence, 

which would reliably determine the effect of smoking withdrawal on 

performance. A better alternative to the design used in the present study would 

have been a double blind, randomized experimental design. Furthermore, 

nicotine dose was not adjusted for body weight. Additionally, biochemical 

indices of absorption were not assessed. Given that nicotine absorption with 

Nicorette Microtabs is variable, blood nicotine levels would provide a reliable 

measure. 

 A further limitation of this study is that in the simultaneous distractor 

condition, although the novel distractors used were unique environmental 

sounds, they were not behaviorally relevant enough to cause significant 

decrements in performance. The use of behaviorally relevant stimuli, as for 

example the simultaneous presentation of lateralized number distractors along 

with target numbers could have been more effective in disruption of attention 

processes. Also, as discussed earlier, the 300 ms ISI used in this paradigm was 

not sufficient to allow separation of the ERP components. Although the large 

magnitude of the ERP components under investigation helps to distinguish 

variations of these components, a longer ISI would have been more appropriate 

for the investigation of these processes. 

 

Conclusions & Further Work 

 

The findings of the present investigation indicate that 2 mg of Nicorette 

Microtabs might not have been sufficient to produce enhancement of attention 

but did normalize performance. As discussed above, nicotine dose was not 

adjusted for each participant’s body weight, although participants received the 

recommended dose for adults. Furthermore, subjective reactions to the use of 

Microtabs included that the taste and the experience of using the tablet were 
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unpleasant and a number of participants felt that the dose was not enough. It is 

reasoned that nicotine tablets possibly resulted in modulation of cholinergic 

neurotransmission but did not include the increased dopaminergic transmission 

associated with the act of smoking a cigarette. Nicotine is found to increase DA 

neuron activity in the mesolimbic system causing the release of DA in the 

nucleus accumbens. Based on previous findings (for a review see Horvitz, 2000) 

DA activity can have a number of effects on several behavioral processes 

including learning, temporal processing and other aspects of cognition. Also, 

previous behavioral findings using the same experimental paradigm (Tsiora et 

al., 2013) where withdrawn smokers smoked a cigarette in phase 2, yielded 

larger enhancements on performance particularly in the simultaneous distractor 

condition where the effect of this type of distractors was completely abolished. 

 Based on the aforementioned reasons, data were collected from an 

additional group of withdrawn smokers who smoked a cigarette in phase 2, using 

the same experimental paradigm and procedure employed in the present study so 

as to directly compare performance of the Microtab and cigarette groups. Also, 

this study will extend the study conducted by Tsiora et al. (2013) by adding ERP 

measures, which will allow to assess the extent stimuli are processed at the 

neural level. 
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CHAPTER 4: EXPERIMENT 2 

Comparison of smoke-inhaled nicotine and nicotine tablets, on ERP 

correlates of GD and SD attention network activation by distractors, in a 

number decision task. 

 

Introduction 

 

Smoke-inhaled nicotine provides the fastest route of delivery, reaching the brain 

within 7 to 10 seconds, whereas other methods of delivery (e.g., tablets, nasal 

spray, gum, patches) provide a slower release of nicotine. Moreover, cigarette 

smoking allows the user to have more control over their dose in order to achieve 

the desired effects, which may include enhancement of cognitive performance 

and mood (for a review see Chapter 1). It has been reported that the route of 

administration of the drug affects the dose, kintetics, metabolism and DA 

signaling (Schultz, Dayan, & Montague, 1997) and produces different behavioral 

effects. Studies of nicotine administration via smoking are few for the reason that 

it is difficult to control the dosage delivered. Studies often employ more precise 

methods of nicotine administration, as for example nicotine patches, tablets or 

gum. However, an advantage of using cigarette smoking in research is that it 

provides a naturalistic way of investigation without excluding the sensory and 

behavioral cues associated with inhaling cigarette smoke. Furthermore, nicotine 

intake via tablets or gum usually delivers less nicotine than that delivered by 

cigarettes, as a portion of the drug is dissolved in the stomach and not absorbed 

in the mouth (West, Jarvis, Russell, Carruthers, & Feyerabend, 1984). 

 The studies presented in chapter 3 revealed that administration of nicotine 

via tablets had moderate effects on performance. Previous studies (for a review 

see Horvitz, 2000) indicate that nicotine increases DA neuron activity in the 

mesolimbic system causing release of DA in the nucleus accumbens that can 

have a number of effects on several behavioral processes including learning, 

temporal processing and other aspects of cognition. It is possible that the absence 

of enhancing effects on performance in experiment 1 were due to the absence of 

enhanced dopaminergic transmission associated with smoking a cigarette. 

Previous behavioral findings using the same experimental paradigm as in 
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experiment 1 (Tsiora et al., 2013) but using cigarettes as the vehicle for nicotine 

administration, yielded larger enhancements on performance. 

 

Aims and hypotheses 

 

The present study aims to explore the effects of smoke-inhaled nicotine on 

attention and distractibility and directly compare these effects to the results from 

experiment 1 (Chapter 3) using Nicorette Microtab sublingual tablets. A further 

aim of this study is to extend previous research using the same paradigm 

employed in the present investigation (Tsiora et al., 2013), by adding ERP 

measures to assess the extent that stimuli are processed at the neural level. It is 

hypothesized that performance after smoking a cigarette will result in enhanced 

improvements in behavioral and electrophysiological performance, as compared 

to the Microtab and non-smoker groups. Specifically, it is hypothesized that 

smoke inhaled nicotine will produce faster RTs, reduced RT variability, 

enhanced response sensitivity and accuracy. With respect to ERPs, it is 

hypothesized that smoke inhaled nicotine will reduce the signs of distraction and 

that will enhance processing of the target stimuli. 

 

Methods 

Participants 

 

Twelve young adult cigarette smokers between the ages of 18 to 35 years (M = 

22, SD = 3.5) were recruited from the student population of the University of 

Dundee. Similar to experiment 1, study participants were healthy volunteers, 

who responded to an advertisement, and received payment or course credit for 

their time. 

Data acquired from the cigarette group were compared to the non-smoker 

(N = 21) and microtab heavy smoker (N = 12) groups from experiment 1. 

Participants in the cigarette group were heavy smokers (smoking above 10 

cigarettes per day). Table 2 contains a summary of data pooled across the three 

groups of subjects. 
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Table 2. Participant details (Non-Smokers, Microtab and Cigarette groups). 

 Non-Smokers Microtab Cigarette 

 M SD Range M SD Range M SD Range 

N 21   12   12   

Female 18   7   5   

Male 3   5   7   

Age 20 3.26 15 22 3.70 12 22 3.52 13 

Female 20 3.49 15 19 .84 2 21 2.50 7 

Male 19 .58 1 24 3.91 11 22 4.88 12 

Cig p/d 0 0 0 14 4.46 13 12 3.25 10 

Fagerström 0 0 0 3.67 1.83 6 5.08 1.97 7 

Yrs of Sm 0 0 0 5 2.71 8 5.67 2.57 8 

State Anxiety 32.7 6.82 27 34.33 4.87 17 36.92 8.18 24 

Trait Anxiety 43.6 7.91 26 43.17 10.22 30 41.25 6.48 27 

NART 16.7 7.38 34 14.83 8.39 28 17.67 6.24 23 

WAIS F/S IQ 114 6.13 28.2 117 6.85 23 114.86 5.50 19 

Fluency Score 14.9 2.57 9 16.92 3.87 15 15.42 4.42 15 

Fluency Time 3.9 1.16 4 3.83 1.47 5 4.5 1.45 5 

Neuroticism 23.9 7.02 31 22.17 9.92 27 20.58 7.81 24 

Extraversion 30 7.15 29 28.33 7.00 22 30.33 6.21 19 

Openness 30 4.63 18 35.08 5.10 19 30.42 8.52 26 

Agreeableness 32.4 7.39 29 31.25 6.40 19 28.25 5.77 20 

Consc/ness 29.7 7.71 26 21.42 10.15 28 25.08 9.76 35 

 

Stimuli 

 

Stimuli and stimulus presentation parameters were identical to those used in 

experiment 1. 

 

Procedure 

 

Participant recruitment and data recording was performed as in experiment 1.  

Conditions were kept identical so as to allow for direct comparison of data 
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acquired from all three groups (non-smokers, microtab and cigarette groups) in 

both experiments. Also, the same questionnaires were used as in experiment 1. 

 

EEG Recording and Preprocessing 

EEG data were acquired with a 32 channel Biosemi Active Two system using the 

same method as described in experiment 1. 

 

General Linear Modeling of EEG Data 

A GLM approach (Pernet et al., 2011; Rousselet, 2010) was used to express the 

single-trial EEG amplitude, in μV, independently at each time point and each 

electrode, as described in experiment 1. 

 

Results 

Questionnaires 

 

There were no significant differences between groups (p > .05) in any of the 

measures. 

 

Behavioral Results 

 

Mean performance (% correct) and SEM for making judgments in number 

decisions in each condition and phase for the three groups (non-smokers, 

microtab, cigarette) are shown in Figure 57 below. 
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Figure 57. Mean accuracy (% of correct responses) and SEM in each condition 

(c, s, p), in phases 1 and 2, for non-smokers, microtab and cigarette groups. 

 

To explore these effects in detail, a 3 x 2 x 3 Mixed repeated measures 

ANOVA was carried out on accuracy (% correct) with factors of group (non-

smokers, microtab, cigarette), phase (phase 1, phase 2) and condition (c, s, p). 

Mauchly’s test revealed that the assumption of sphericity was violated for the 

main effect of condition, 2(2) = 12.26, p < .05. Therefore, degrees of freedom 

were corrected using Greenhouse-Geisser estimates of sphericity,  = .79. 

Contrary to the hypotheses there were no significant group effects (p = 

.07) but there was a tendency for the cigarette group to be less accurate than the 

microtab group. There was a significant main effect of phase, F(1,42) = 4.35, p < 

.05, r = .31, where accuracy in phase 1 (M = 87.57, SE = .58) was significantly 

lower than in phase 2 (M = 88.70, SE = .60). There was also a significant main 

effect of condition, F(1.59, 66.75) = 4.30, p < .05, r = .25. Pairwise comparisons 

revealed that, as predicted, accuracy for simple number decisions (M = 89.38, SE 

= .53) was significantly higher than in the simultaneous distractor condition (M = 

87.11, SE = .73, p < .05). However, contrary to the hypotheses preceding 

distractors did not affect accuracy. 
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Finally, there was a significant phase x group interaction, F(2,42) = 4.10, 

p < .05, r = .30. These effects are illustrated in Figure 58 below. 

 

Figure 58. Results from the ANOVA illustrating significant phase x group 

interactions. 

 As it can be seen in the figure above, in phase 1, accuracy in the microtab 

group is similar to the control group. However, accuracy in the cigarette group is 

significantly lower than the other groups. In phase 2, accuracy improved in both 

groups of smokers but slightly reduced in the control group. However, as 

predicted, the improvements observed in the cigarette group were significantly 

larger compared to the other groups. There were no other significant interactions. 

 

Sensitivity measure 

Sensitivity was measured by calculating the d’. Figure 59 demonstrates 

sensitivity for each group and condition, in the two phases of the experiment. 

The distractor only condition was omitted for this analysis. 
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Figure 59. The mean d’ and SEM for each stimulus condition in phase 1 and 2 of 

the experiment for non-smokers, microtab and cigarette groups. 

 

To explore sensitivity, a 3x2x3 Mixed repeated measures ANOVA was 

carried out with factors of group (non-smokers, microtab, cigarette), experiment 

phase (phase 1, phase 2) and condition (c, s, p). Mauchly’s test revealed that the 

assumption of sphericity was violated for the main effect of condition, 2(2) = 

14.36, p < .05. Therefore degrees of freedom were corrected using Greenhouse-

Geisser estimates of sphericity ( = .77). 

There was a significant main effect of phase, F(1,42) = 15.64, p < .001, r 

= .99, where sensitivity in phase 1 (M = 3.43, SE = .06) was significantly lower 

than in phase 2 (M = 3.60, SE = .07). There was also a main effect of condition, 

F(1.54,64.84) = 80.45, p < .001, r = .99. Contrasts revealed that sensitivity was 

significantly higher for simple number decisions (M = 4.0, SE = .10) than 

simultaneous distractors (M = 3.22, SE = .05; F(1,42) = 73.19, p < .001, r = .99) 

and preceding distractors (M = 3.34, SE = .05) and sensitivity in the preceding 

distractor condition was higher than in the simultaneous distractor condition, 

F(1,42) = 7.52, p < .05, r = .94. There were no other significant effects or 

interactions. 
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Reaction Times 

The mean RTs and SEM for all conditions for the three groups in phase 1 and 

phase 2 are illustrated in Figure 60. 

 

 

Figure 60. The mean RTs and SEM for each stimulus condition (c, s, p), in phase 

1 and 2 of the experiment for non-smokers, microtab and cigarette groups. 

To explore this in detail, a 3x2x3 Mixed repeated measures ANOVA was 

carried out on RTs with factors of group (smokers, microtab, cigarette), 

experiment phase (phase 1, phase 2) and condition (c, s, p). Mauchly’s test 

revealed that the assumption of sphericity was violated for the main effect of 

condition, 2(2) = 12.74, p < .05. Therefore degrees of freedom were corrected 

using Greenhouse-Geisser estimates of sphericity,  = .79. 

There was a significant main effect of phase, F(1,42) = 29.41, p < .001, r 

= .98, where RTs in phase 1 (M = 711, SE = 12.38) were significantly slower 

compared to phase 2 (M = 671, SE = 13.23). There was also a significant main 

effect of experimental condition on RTs, F(1.57,66.29) = 33.26, p < .001, r = .98. 

Contrasts revealed that, as predicted, RTs for simple number decisions (M = 683 

ms, SE = 12.06) were significantly faster than in the preceding distractor 
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condition (M = 705 ms, SE = 12.39; F(1, 42) = 60.85, p <.001, r = .77). Also, 

RTs in the simultaneous distractor condition (M = 686 ms, SE = 12.76) were 

significantly faster than in the preceding distractor condition, F(1,42) = 28.74, p 

< .001, r = .98. 

Finally, there was a significant 3-way interaction of phase x condition x 

group, F(4,84) = 3.62, p = .05, r = .28. Contrasts were used to break down this 

interaction. The first significant contrast explored RT differences between the 

control and the simultaneous distractor condition, between phase 1 and phase 2, 

when comparing non-smokers, microtab and cigarette groups, F(2, 42) = 3.18, p 

= .05, r = .27. Also, the contrast comparing RTs in non-smokers, microtab and 

cigarette groups in phase 1 and phase 2 for the comparison of the simultaneous 

distractor condition and preceding distractor condition was significant, F(2,42) = 

4.48, p < .05, r = .31. These effects are demonstrated in Figure 61 below. 

 

 

Figure 61. Results from the ANOVA illustrating phase x condition x group 

interactions. 

 As it is evident in the figure above, both smoker groups are equally 

slower during withdrawal than non-smokers and in phase 2, cigarettes seem to 

improve performance more than Microtabs. Post hoc tests using Tukey HSD 

revealed that in phase 1, the direction of effects for the control and simultaneous 

distractor conditions was different in the microtab group compared to the other 

Phase x Condition x Group interaction 

Phase 
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groups. Specifically, in the microtab group simultaneous distractors seem to slow 

performance compared to the control condition, whereas, in the other groups 

these effects are reversed. In phase 2, there are no differences between groups, as 

now all groups seem to be slower in the presence of simultaneous distractors 

compared to the control condition. For the comparison between RTs in the 

simultaneous and preceding distractor conditions, there were no group 

differences in phase 1. However, in phase 2, there are differences between the 

microtab and cigarette groups. Specifically, in the microtab group preceding 

distractors appear to slow performance more than simultaneous distractors but 

this effect is due to a larger improvement in RTs in the simultaneous distractor 

condition. In the cigarette group, there are no differences between RTs in the 

simultaneous and preceding distractor conditions, where although RTs improved 

in both conditions, the effects were larger in the preceding distractor condition. 

 

Coefficient of Variation 

The CV (SD / mean RT) was used as a measure of dispersion. The CV and SEM 

for all conditions (c, s, p) for the three groups (non-smokers, microtab and 

cigarette groups) in phase 1 and phase 2 are illustrated in Figure 62 below. 

 

Figure 62. Mean CV and SEM for non-smokers, microtab and cigarette groups in 

phase 1 and phase 2 for each condition (c, s, p). 
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To explore RT variability, a 3x2x3 Mixed repeated measures ANOVA 

was carried out with factors of group (non-smokers, microtab, cigarette), 

experiment phase (phase 1, phase 2) and condition (c, s, p). 

There was a significant main effect of phase, F(1,42) = 8.97, p < .05, r = 

.42, where the CV in phase 1 (M = .23, SE = .01) was significantly higher than in 

phase 2 (M = .21, SE = .01). There were no significant differences between 

conditions, however these effects were approaching significance (p = .07). 

There were no significant differences on the CV between groups. 

However, there was a significant phase x group interaction, F(2,42) = 7.54, p < 

.05, r = .39. These effects are illustrated in Figure 63. 

 

Figure 63. Results from the ANOVA illustrating phase x group interactions on 

the CV. 

 As it is demonstrated in the figure above, in phase 1, both smoker groups 

exhibit enhanced response variability compared to non-smokers. However, in 

phase 2, non-smokers’ response variability slightly increases whereas variability 

in the smokers’ groups decreases. However, compared to the microtab group, the 

cigarette group demonstrates large reduction in response variability in phase 2. 
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ERP Results 

 

A single-trial regression model (LIMO EEG toolbox; Pernet et al., 2011; 

Rousselet et al., 2009) was applied at each time point and electrode to compare 

the effects of distraction during number decisions between non-smokers, 

cigarette and microtab groups. A 3x2x4 ANOVA was performed on the 

estimated parameters comparing the effect of phase (phase 1 and 2) and 

condition (c, d, s, p) between non-smokers, cigarette and microtab groups. The 

results are illustrated using a spatial-temporal cluster correction. Results are 

reported significant at p < 0.05. Figure 64 illustrates the design in LIMO for the 

2nd level analysis (group analysis) where the beta parameters obtained from the 

1st level analysis are analysed to test for significance across subjects. 

 

 

Figure 64. Design matrix in LIMO for the 2nd level analysis (group; non-

smokers, cigarette and microtab groups). 
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 ERPs were averaged for each experimental condition (c, d, s, p). Figure 

65 demonstrates the grand average waveforms for the three groups and two 

phases of the experiment.
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Figure 65. Grand-average ERPs elicited at Cz, Fz and Pz by simple number decisions (black line), novel only condition (red line), the 

simultaneous number and novel distractor condition (blue line) and the preceding distractor condition (green line) for non-smokers, microtab and 

cigarette groups, over phase 1 and 2.

Condition Comparison at Pz Condition Comparison at Cz 

C
ig

a
re

tt
e

 

Time (ms) 

N
o
n
-S

m
o
k
e
rs

 
M

ic
ro

ta
b

 

Condition Comparison at Fz 
A

m
p

lit
u
d
e
 (
μ

V
) 

Phase 1 Phase 2 



 

 

149 

As demonstrated in the figure above, non-smokers’ waveforms appear to 

be larger in amplitude compared to smokers. These effects are pronounced at 

parietal and to a lesser extent at central electrodes, and are less pronounced at 

frontal areas. It is particularly evident that non-smokers produce very large LRPs 

that are maximal at parietal electrodes. Furthermore, smokers appear to produce 

more positive LRPs in the distractor condition, whereas non-smokers appear to 

completely suppress this response. These effects are more evident at frontal and 

central areas, but also larger during withdrawal.  

ERP waveforms directly comparing phase 1 to phase 2, the averaged 

waveforms directly comparing effects between groups, the mean ERP 

waveforms for each condition and phase for the cigarette group, at each 

electrode, and the ERPs at the electrode showing the strongest effect are 

presented in Appendix C. 

 The ANOVA revealed a significant effect of phase. In Figure 66, panel 

A demonstrates areas of significance across electrodes and time frames for the 

main effect of phase across conditions and groups in response to a trial pair (S1: 

0 ms, S2: 300 ms), followed by the significant ERP phase differences at the 

electrode showing the strongest effect (Pz; panel B). Time points of significant 

differences (95% percentile bootstrap) are marked with horizontal red lines. 

Finally, panel C demonstrates the topographic maps of the effects. 
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Figure 66. ANOVA results illustrating main effects of phase across conditions 

and groups. AElectrodes and timeframes showing significant effects. BERP 

phase differences at the electrode showing the strongest effect (Pz). CThe 

topographic maps of the effects. 

 The effects observed in the above figure are very similar to the effects 

observed in experiment 1 (Figure 25 and Figure 42). There are significant 

differences from 100 ms after presentation of S1 up to 1100 ms. Contrasts were 

performed to explore the direction of these effects (Figure 67). 
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Figure 67. Results from the contrasts comparing phase 1 to phase 2 (Phase 1 > 

Phase 2 [1 1 1 1 -1 -1 -1 -1] across conditions and groups and the ERP 

waveforms at electrode Cz (Phase 1: purple line; Phase 2: blue line). 

As it can be seen in the figure above, ERPs in phase 1 were significantly 

more positive than in phase 2. These effects were evident at the latency of the P2 

to S1, at the latencies of the N1, P2, N2 and P3 to S2 and at the latency of the 

LRP. 

The ANOVA also revealed significant main effects of condition. These 

effects are illustrated in Figure 68. 

Phase comparison 
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Figure 68. ANOVA results illustrating main effects of condition across phases 

and groups (top) and the topographic maps of the effects (bottom). 

 Effects of condition are evident between 100 ms to 1100 ms. These 

effects are maximal at the latency of the P2 in response to S1 at parietal and 

occipital electrodes and at the latency of the P3 to S1 and of the N1 to S2 at 

frontal and central electrodes. Also significant effects are observed at 850 ms to 

1050 ms at central-parietal and parietal electrodes. Contrasts were performed 

exploring the effects in each condition (Figure 69). 

Main effect of Condition 
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Figure 69. Results from the contrasts showing significant condition effects across 

phases and groups. AControl [1 0 0 0 1 0 0 0]. BDistractor [0 1 0 0 0 1 0 0]. 

CSimultaneous [0 0 1 0 0 0 1 0]. DPreceding [0 0 0 1 0 0 0 1]. E ERPs 

for the control (black line), distractor (red line), simultaneous (blue line) and 

preceding (green line) conditions at electrode Cz. 
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 As it can be seen in the figure above, there are significant differences 

between conditions. These effects are similar to the effects observed in 

experiment 1 (Figure 28 and Figure 45). Specifically, the preceding distractor 

condition is associated with more negative N1 and P2 deflections as compared to 

the other conditions. A large P3a response is also evident. Preceding distractors 

appeared to have an effect in later processing of the number stimulus as 

compared to the other conditions. The N1, P2 and P3 deflections were more 

positive after distraction. Similarly, in the distractor condition, presentation of 

the distractor was associated with more negative N1 and P2 responses. Further 

contrasts exploring the distraction effects across phases and groups are illustrated 

in Figure 70. 
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Figure 70. Results from the contrasts showing where the control condition 

differed from each of the three distractor conditions across phases and groups, 

and the ERPs at electrode Cz. A Control > Distractor [1 -1 0 0 1 -1 0 0]. B 

Control > Simultaneous [1 0 -1 0 1 0 -1 0]. C Control > Preceding [1 0 0 -1 1 0 0 

-1]. 
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In the above figure panel A demonstrates the distractor effects. As it can 

be seen, distractors significantly decreased the amplitude of the N1 and P2 and 

produced a slightly larger P3a response in contrast to number stimuli. It is also 

evident that the P3a response in the distractor condition had an earlier onset to 

the P3b response produced in the number stimulus condition. Panel B 

demonstrates the simultaneous distractor effect. Distractors simultaneously 

presented with number stimuli produced a slightly larger P3a response compared 

to number stimuli. Finally, panel C demonstrates the preceding distractor effect. 

As reported earlier, preceding distractors significantly reduced the amplitude of 

the N1 and P2 and produced a large P3a response. Also, following presentation 

of the distractor, the N1, P2 and the small P3b response to the number stimulus 

were significantly more positive. There were also significant phase x condition 

interactions (Figure 71). 

 

Figure 71. ANOVA results illustrating phase x condition interactions across 

groups (top) and the topographic maps of the effects (bottom). 

 Significant phase x condition interactions across groups are observed at 

the latency of the N1 in response to S1 at frontal and central electrodes and at the 

Phase x Condition interaction 
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latency of the P3 also at central and frontal electrodes. There are also effects at 

the latency of the P3 in response to S2 at parietal and temporal areas. These 

effects were further explored by computing contrasts comparing phase 1 to phase 

2 for each condition (Figure 72). 
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Figure 72. Results from the contrasts illustrating phase differences in each 

condition across groups and the ERPs at electrode Cz. A  Phase 1 > Phase 2 for 

the control condition [1 0 0 0 -1 0 0 0]. B  Phase 1 > Phase 2 for the distractor 

condition [0 1 0 0 0 1 0 0]. C  Phase 1 > Phase 2 for the simultaneous distractor 
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condition [0 0 1 0 0 0 -1 0]. D  Phase 1 > Phase 2 for the preceding distractor 

condition [0 0 0 1 0 0 0 -1].  

As it is evident in the figure above, waveforms in all conditions were 

significantly more negative in phase 2 compared to phase 1. Panel A 

demonstrates areas of significance where ERPs in phase 1 were more positive 

than in phase 2. Specifically, the P2 to the tone and the N1, P2, N2, P3b and LRP 

to S2 were significantly more negative in phase 2 than in phase 1. Panel B 

demonstrates the effects of distractors. There are some effects at the latency of 

the N1 to the distractors and the LRP, where again these signals became more 

negative going in phase 2. However, these effects are not very strong. Panel C 

depicts the effects in the simultaneous distractor condition. Again, the P2 to S1 

and the N1, P2, N2, P3 and LRP to S2 were significantly more negative in phase 

2 compared to phase 1. Finally in panel D, it is evident that the N1, P2 and P3a to 

the preceding distractor and the N1, P2, N2, and P3 to the number were also 

significantly more negative in phase 2 than in phase 1. 

The ANOVA also revealed significant phase x group interactions. These 

effects are illustrated in Figure 73. 



 

 

160 

    

Figure 73. ANOVA results illustrating group x phase interactions (top) and the 

topographic maps of the effects (bottom). 

 Phase x group interactions were evident at the latency of the P50 in 

response to S1 at fronto-central electrodes and at the latency of the P2 at parietal 

and occipital electrodes. Contrasts were performed to explore the phase x group 

interaction in more detail (Figure 74). 

Group x Phase interaction 
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Figure 74. Result from the contrasts illustrating significant phase x group 

interactions across conditions and the ERPs at electrode Cz. A  Group 

comparison for phase 1 [1 1 1 1 0 0 0 0]. B  Group comparison for phase 2 [0 0 0 

0 1 1 1 1]. 

The figure above illustrates differences between groups in phase 1 (panel 

A) and in phase 2 (panel B). In phase 1, there are some effects at the latency of 

the P2 to S1, where the microtab group produced more negative deflections 

compared to the other groups. In response to S2, the cigarette group appears to 

produce smaller P2 deflections compared to the other groups. In phase 2, both 

smoker groups produced significantly more negative P2 deflections compared to 

the non-smoker group. Finally, the N2 deflection to S2 was significantly more 

Group x Phase comparison 

A 

B 



 

 

162 

negative for the cigarette group compared to the other groups in phase 1 and this 

difference significantly increased in phase 2. Also, in the microtab group the N2 

deflection became more negative in phase 2. 

 Figure 75 illustrates the results for the phase comparison in the group of 

cigarette smokers. 

 

Figure 75. Results from the one-sample t-test illustrating areas where phase 1 

differed from phase 2 for the group of cigarette smokers (Phase 1 > Phase 2 [1 1 

1 1 -1 -1 -1 -1]) and the mean ERP differences at the electrode showing the 

strongest effect (Pz). 

 Effects are evident between 200 and 600 ms reflecting reduced 

amplitudes of the P2 and P3 to S1 and N1, P2 and P3 to S2 in phase 2. 

 

Discussion 

 

The aim of the present study was to explore the effects of withdrawal and intake 

of nicotine on behavioral and electrophysiological performance in a number 

decision task with two levels of distractibility; distractors preceding the goal task 

and distractors simultaneously presented with number stimuli. Performance was 

assessed in a group of withdrawn smokers and after nicotine administration via 

Main effect of Phase for the Cigarette group 
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cigarettes and compared to a group that used a Nicorette Microtab tablet, and to a 

control group of non-smokers. 

 Overall, response accuracy, sensitivity, variability and latencies improved 

overtime. These effects were supported by more negative ERP deflections 

overtime that suggest increased attention to and engagement with stimuli, as well 

as decreased distractibility. The cigarette group was less accurate during 

withdrawal compared to the other groups but similar to the microtab group they 

became more accurate after nicotine intake. However, these effects were due to 

alleviation of the withdrawal symptoms and normalization of performance. Both 

smoker groups were slower in all conditions compared to non-smokers. 

Response latencies improved after nicotine intake and as predicted these effects 

were larger in the cigarette group. Similarly, responses in both smoker groups 

were significantly more variable during withdrawal compared to non-smokers. 

After nicotine intake, response variability decreased in both smoker groups but 

cigarettes had a larger effect compared to microtabs. Nicotine intake was 

associated with more negative ERPs suggesting enhanced processing of 

numbers, but these effects were larger after nicotine intake via cigarettes, 

compared to microtabs. 

Consistent with the hypotheses, simultaneous distractors impaired 

accuracy and response sensitivity. This type of distractors also enhanced 

attention to the stimuli but impaired processing and increased evaluation time of 

the numbers. Overtime, ERPs associated with these complex stimuli became 

more negative suggesting improved processing of numbers. Also, the 

simultaneous distractor effect on response latencies was larger in both smoker 

groups compared to non-smokers. However, after nicotine administration both 

groups became faster and performance was comparable to non-smokers’.  

Contrary to the hypotheses, preceding distractors did not have an effect 

on accuracy. However, response sensitivity was impaired in this condition and 

this effect was larger compared to the effect of simultaneous distractors. 

Similarly, response latencies became slower after distraction and as predicted 

this effect was larger compared to the simultaneous distractor effect. These 

effects were supported by increased attention to this type of stimuli and as 
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depicted by a large central P3a deflection, attention oriented to distractors. 

Following distraction, processing of the number stimulus was altered in a 

direction suggesting less engagement with the stimulus and increased preparation 

for motor responses. Overall, ERPs became more negative going overtime 

particularly the P2 and P3a responses, suggesting that participants became better 

overtime in suppressing orienting to distracting stimuli. Also, overtime 

participants attended to and engaged more with numbers. Both smoker groups 

were significantly slower during withdrawal as compared to non-smokers. 

Following nicotine administration, response latencies improved in both groups 

but the improvements were significantly larger in the cigarette group. 

 

Limitations 

 

The present investigation has the same limitations discussed in experiment 1 due 

to the fact that the study design and procedures were kept identical between 

experiments so as to allow for direct comparison of the effects. As previously 

discussed, administration of nicotine and placebo under double blind conditions 

would have been a more appropriate design to the design used. Furthermore, 

biochemical verification of abstinence and normal hearing were not assessed. 

Finally, with respect to the distracting stimuli used in the simultaneous distractor 

condition, it is argued that although these were unique environmental sounds, 

they were not behaviorally relevant to cause significant decrements in 

performance. Some of these limitations will be addressed in the next experiment. 
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CHAPTER 5: EXPERIMENT 3 

The Effects of Nicotine Withdrawal on Attention and Cognitive Control 

Networks Assessed in a Parametric Auditory EEG/fMRI Study 

 

Introduction 

 

Our environment is an amalgam of diverse information, both relevant and 

irrelevant to our current behavior. Given that the brain is a limited capacity 

information processing system, it can only process limited amounts of data at any 

moment. Selectivity has evolved as a mechanism to allow irrelevant information 

to be screened out and to prioritize the processing of behaviorally relevant 

information by biasing the competition of input for representation, analysis or 

control (Desimone & Duncan, 1995). The biased competition model suggests 

that top-down control demands depend on the relative salience of competing 

information. For example, when the to-be-attended goal stimulus is perceptually 

less salient than the competing stimuli, attention demands increase, whereas 

stimuli that are more salient than the irrelevant information decrease the demands 

for attention. Selected information is advanced to higher order control areas in 

the brain where it is used to guide behavior (Miller & Cohen, 2001; Posner & 

Rothbart, 2007). These areas are responsible for the active maintenance of goal 

representations and for biasing signals to specialized structures in the brain that 

guide activity for accomplishing these goals by mapping inputs, internal states 

and output (Miller & Cohen, 2001). 

Attention and cognitive control networks play a central role in biasing 

information received by the senses according to internal goals (Corbetta & 

Shulman, 2002; Miller & Cohen, 2001; Posner & Rothbart, 2007). The 

interaction of these processes has been investigated using the dichotic listening 

(DL) paradigm (Tallus, Hugdahl, Alho, Medvedev, & Hämäläinen, 2007; 

Westerhausen et al., 2009). In the basic version of the DL paradigm (Kimura, 

1961; 1967), participants are presented with two different stimuli in each ear and 

they are required to report what they heard. It is commonly found that 
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participants report more often stimuli presented to the right ear (right-ear 

advantage; REA). It has been suggested that this tendency is related to the 

anatomic properties of the auditory system (i.e., the language dominant left 

hemisphere is connected to the right ear) (Kimura, 1967). However, attention 

also plays an important role in priming a particular hemisphere (Kinsbourne, 

1970). Using an intensity-modulated version of the DL paradigm, where the 

inter-aural sound intensity difference (IID) between the left and the right ear 

stimuli is manipulated (Falkenberg, Specht, & Westerhausen, 2011; Tallus et al., 

2007; Westerhausen et al., 2009; 2010), the magnitude of the REA can be 

modulated resulting in a left-ear advantage (LEA) when the IID favors the left 

ear stimulus, or in a REA when the IID is in favor of the right ear stimulus. This 

REA can be increased when a selective attention instruction is further added to 

the task requiring participants to focus attention to the right ear stimulus (forced-

right condition; FR), whereas the effect is significantly reduced, or reversed, 

when instructed to focus attention to the left ear stimulus (forced-left condition; 

FL) (Falkenberg et al., 2011; Tallus et al., 2007; Westerhausen et al., 2009; 

2010). These processes are found to be supported by a frontoparietal “attention 

control” network that is dynamically activated depending on the demands for 

integration of saliency-based (bottom-up) and instruction-based (top-down) 

preferences, and a medial-lateral frontal “cognitive control” network specialized 

in processing conflicts arising due to varying the salience of stimuli while 

following a task (Falkenberg et al., 2011; Westerhausen et al., 2010). 

Hemispheric asymmetry for dichotic stimulus discrimination has also 

been assessed using EEG measures, although studies report mixed findings 

(Bayazıt, Öniz, Hahn, Güntürkün, & Özgören, 2009; Carpenter, De Chicchis, 

Cranford, & Hymel, 2001; Iwanami, Isono, Okajuma, Noda, & Kamijima, 1998; 

Ross, Hillyard, & Picton, 2010). It is commonly found that focusing attention to 

one ear enhances the ERP amplitudes in areas contralateral to the attendant ear. 

For example, non-verbal information (e.g., pitch discrimination of complex 

tones) is found to produce a LEA with ERP amplitudes enhanced in the right 

hemisphere (Tenke, Bruder, Towey, Leite, & Sidtis, 1993). On the other hand, 

speech stimuli consistently produce a REA and enhanced ERP amplitudes in the 

left hemisphere, given that the organization of language in the brain is biased 
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towards the left hemisphere. These findings are also supported by a number of 

brain imaging studies (e.g., Jancke & Shah, 2002; Jancke, Buchanan, Lutz, & 

Shah, 2001). In Jancke et al. (2001) activations were found in the 

temporoparietal network including the auditory cortices and prefrontal brain 

regions. The authors reported that when participants selectively attended to 

stimuli in the right ear, activity in the Heschl’s gyrus (HG) and the planum polare 

(PP) in the left hemisphere increased. Conversely, stimuli attended to the left ear 

increased activity in these areas but in the right hemisphere. The authors further 

reported a strong left hemispheric lateralization in the planum temporale (PT) 

and posterior superior temporal sulcus (pSTS), consistent with the role of these 

areas in language processing (Jancke et al., 2001). Jancke et al. (2002) reported 

that focusing attention to the left ear resulted in activations in the bilateral 

inferior frontal gyrus (IFG), Broca’s area, left middle frontal gyrus (lMFG) and 

left superior temporal gyrus (lSTG), whereas in the FR condition activations 

were stronger in Broca’s area and the lSTG. Pollman et al. (2004) demonstrated 

that auditory target detection in the DL paradigm is associated with activations in 

orbitofrontal and hippocampal paralimbic belts (Pollmann, 2004). 

ERP measures have provided important information with regard to the 

temporal characteristics of cognitive processes. Findings from a trial-based ERP 

study using a dichotic consonant-vowel (CV) syllable task (Bayazıt et al., 2009), 

reported that the early ERP components N1 and P2, indexing discrimination of 

auditory features and triggering of attention respectively (Eichele et al., 2005; 

Luck & Hillyard, 1994; Naatanen & Picton, 1987), were enhanced in central 

areas (Bayazıt et al., 2009). The later N2 and P3 components have been linked to 

error control mechanisms and processing of new information respectively and 

are thought to be related to inhibitory mechanisms at frontocentral areas (Folstein 

& Van Petten, 2008; Goldstein et al., 2002). In Bayazit et al. (2009) the authors 

reported a left hemispheric advantage in the diotic stimulus condition (i.e. 

presentation of homonym stimuli) but no effects in the dichotic stimulus 

condition possibly due to the increased processing demands in this task. Higher 

cognitive processing, such as resolution of conflict in the context of semantic 

processes, is indexed by a later negative wave (LN or N450) observed at 

centroparietal areas that has been linked to activity in the parahippocampal 
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anterior fusiform gyrus (AFG) (Fabiani, Gratton, & Coles, 2007). Bayazit et al. 

(2009) reported shorter latencies for the N450 component in trials resulting in a 

REA, whereas a pronounced shift from central to frontal electrodes was found 

between the N1,P2 and N450 components, possibly related to processing of 

conflict arising from the simultaneous presentation of syllables. 

A further ERP component thought to reflect auditory selective attention is 

the endogenous negativity obtained by subtracting the ERP recorded for the 

unattended from the ERP for the attended stimuli in the DL paradigm (Hillyard, 

1993b). This negative difference (Nd) has an early frontocentral component 

peaking between 70 to 200 ms after presentation of a dichotic pair, and a later 

frontal component peaking between 300 and 600 ms. It has been suggested that 

the early component of the Nd (Nde) reflects processing of stimulus features that 

are compared to memory representations of the relevant stimulus features, and its 

amplitude and latency are enhanced when the incoming stimulus and the 

template held in memory match. The later component of the Nd (Ndl) has been 

associated with further processing of the stimulus and with forming an 

‘attentional trace’ of the to-be-attended stimulus (Naatanen, 1990). Processing of 

stimuli in the attended ear, as opposed to the “ignore” condition, is also reflected 

by enhanced amplitudes of the N1 and P2 components (Hillyard et al., 1973; 

Naatanen & Picton, 1987). A further component of the ERP, the mismatch 

negativity (MMN) peaking at 100 to 250 ms after stimulus onset, has been 

identified as a measure of auditory discrimination accuracy and can be 

modulated by focused attention in the DL paradigm (Naatanen, 1990; 2001). The 

MMN is elicited by irregularities in the auditory modality and is maximal at 

frontocentral areas. 

A number of studies (Angrilli, Dobel, Rockstroh, Stegagno, & Elbert, 

2000; Potter & Parker, 1997; Rosahl & Knight, 1995; Rugg et al., 1989) have 

provided evidence for a late slow evoked negative ERP component, termed 

contingent negative variation (CNV), which has been used as a measure of 

lateralization in various linguistic tasks as well as face processing experiments. 

The CNV is generated during delay periods and is usually measured within the 

inter-stimulus interval (ISI) between the presentation of two stimuli (e.g., a 

warning and an imperative stimulus). It is found that the CNV is greater over the 
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left hemisphere when processing linguistic stimuli and greater over the right 

hemisphere when processing faces. It is suggested that the CNV represents 

activation of areas involved in executing the task instructed by the first stimulus 

and has been proposed to measure activity in the PFC that is linked to sustaining 

distributed neural activity during delay periods (Rosahl & Knight, 1995). In 

contrast, slow positive shifts are hypothesized to reveal reduced facilitation in 

cortical neuronal networks (Rockstroh, Muller, Wagner, Cohen, & Elbert, 1993). 

The CNV comprises two major components; the early CNV is maximal at frontal 

areas and its relative peak amplitude latency is between 400 and 800 ms 

(Rohrbaugh et al., 1986), whereas the late component of the CNV appears to be 

generated in the dorsolateral PFC (dlPFC) and modulates generation of the 

potential in posterior regions of the ipsilateral hemisphere (Rosahl & Knight, 

1995). However, subcortical inputs from basal ganglia and the cerebellum, as 

well as the thalamus (e.g., the reticular nucleus involved in anticipatory 

attention) are crucial in the emergence of these slow wave potentials (Brunia & 

Boxtel, 2001). The early component of the CNV has been linked to the 

evaluation of information delimited to the first stimulus and to processes akin to 

orienting, whereas the late component is linked to motor and cognitive 

preparation for the upcoming salient event (imperative stimulus). 

 

A substantial body of research has investigated the effects of different 

pharmacological agents on performance that hold a therapeutic potential for 

populations with deficits of attention. A common finding suggests that nicotine 

produces performance enhancements in vigilance and stimulus detection tasks 

(Foulds et al., 1996; Rezvani & Levin, 2001) as well as in selective attention 

tasks (Heisman, Kleykamp, & Singleton, 2010; Knott et al., 2006; Rezvani & 

Levin, 2001; Villeneuve et al., 2007). It has been suggested that nicotine 

improves attention resource allocation to relevant information and plays an 

important role in filtering out unattended information (Hahn et al., 2009; Knott et 

al., 2011). Hahn et al. (2009) reported reduction of reaction times (RT) following 

nicotine administration but in conditions requiring greater control demands 

nicotine’s enhancing effects were reduced. These effects were accompanied by 

reduced activation in frontal, temporal, thalamic and visual regions, as well as 
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reduced activation in the default mode network (DMN) areas including the 

rostral ACC/medial frontal gyrus and left MFG. Reduced DMN activation has 

been previously suggested to promote a shift to externally oriented information 

processing (Hahn et al., 2007). On the other hand, electrophysiological studies 

have reported absence of nicotine effects on the amplitude of ERP components 

sensitive to selective attention (i.e. N1, Nd), but shorter latencies of the Nde 

component (Knott et al., 2006; Villeneuve et al., 2007). 

Based on the aforementioned effects of nicotine-induced down regulation 

of these cortical areas, it would be expected that nicotine withdrawal in regular 

smokers would increase activity in these areas. Jacobsen et al. (2007) 

demonstrated increased activity in the PFC, including the rSFG, in withdrawn 

smokers during a working memory task. A number of studies have suggested that 

nicotine deprivation reduces cognitive control and introspective monitoring 

(Cole et al., 2010; Lawrence, Ross, Hoffmann, Garavan, & Stein, 2003). Cole et 

al. (2010) demonstrated altered functional connectivity in midline and prefrontal 

network areas that play a role in reward and salience processing. Specifically, the 

authors reported increased negative coupling between the executive control 

network (ECN) and the DMN following nicotine replacement in abstinent 

smokers, which was associated with improved cognition. On the other hand, a 

stronger correlation between ECN and DMN activation during nicotine 

abstinence was associated with difficulties in concentrating (Cole et al., 2010). 

 The review of the literature on attention processes reinforces the need for 

integrating methods that can depict both the spatial and temporal characteristics 

of brain responses (Eichele et al., 2005). The present study aims to replicate and 

extend the study conducted by Westerhausen et al. (2010) to investigate the 

effects of nicotine withdrawal on attention and cognitive control networks by 

using combined EEG/fMRI methods. To assess these effects, a group of 

withdrawn smokers (12 hrs overnight) will be compared to a group of non-

smokers. To our knowledge this is the first study to perform combined 

measurements of EEG and fMRI during dichotic listening in withdrawn smokers. 

The recording of simultaneous EEG responses will allow us to address the 

temporal evolution of neuronal activation by assessing evoked responses over 

both spatial and temporal dimensions, while accounting for single trial variability 
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using simple hierarchical linear modelling of the data (Pernet et al., 2011). The 

use of an interleaved EEG-fMRI acquisition protocol will allow noise-free 

intervals for presentation of auditory stimuli and therefore the acquisition of EEG 

recordings will be uncontaminated by scanner noise. The integration of these 

methods has the potential to provide a robust approach for predicting fMRI 

activation by task specific amplitude modulations of concurrently recorded 

ERPs. 

Based on previous findings discussed above, the present study will 

investigate the following hypotheses: 

1. The ear advantage will be modulated by the attention instruction as a 

result of top-down control and it will be indicated by less correct reports 

from the non-attended and more from the attended ear. 

2. Directing attention to one ear (i.e., FR or FL conditions) will be 

associated with a CNV deflection at contralateral brain areas and more 

positive deflections at ipsilateral areas, whereas non-focused attention 

(i.e., NF condition) will reduce attention demands and will be associated 

with reduced ERP amplitudes. These effects will be supported by 

stronger BOLD activation in the forced attention conditions, compared to 

the NF condition, at parietal and occipital areas. 

3. The ear advantage will be linearly modulated by the bottom-up IID 

manipulation and will be characterized by enhancement of correct reports 

of the louder (more salient) stimulus. 

4. The IID manipulation is expected to have an effect on brain activation. 

Specifically, it is hypothesized that increased stimulus saliency will be 

associated with increased activation in primary and secondary auditory 

cortices. 

5.  The effect of the IID manipulation on performance will be additionally 

modulated by the attention instruction. Behaviorally, this effect will be 

demonstrated by less left ear stimulus reports in the FR condition when 

the left ear stimulus is louder than the right ear stimulus, and vise versa. 

6. It is further expected that there will be an IID and attention instruction 

interaction demonstrated as reduced number of reports in the forced 

attention conditions when the goal stimulus is less loud. The IID 
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manipulation will have no effect in the NF condition (i.e., reduced brain 

activation), or when the louder of the two stimuli has to be attended in the 

forced attention conditions. However, it is expected that in the forced 

attention conditions, brain activation will increase the more the intensity 

advantage favours the to-be-ignored stimulus. These effects will be 

supported by an interaction pattern of IID and attention instruction 

assigned to a frontoparietal attention control and a medial lateral frontal 

cognitive control network including activations in bilateral areas in the 

inferior parietal lobe (IPL) and pre-supplementary motor area, and 

precentral gyrus, anterior cingulate cortex (ACC) and IFG in the right 

hemisphere. 

7. Overall, nicotine withdrawal will be associated with decreased number of 

reports and enhanced brain activation compared to non-smokers. 

Specifically, it is expected that the relationship between attention and 

cognitive control networks will be altered in a direction suggesting 

reduced cognitive control. It is hypothesized that nicotine withdrawal will 

increase activity in the PFC, including the rSFG, as well as DMN 

activation, including the rostral ACC/medial frontal gyrus and left MFG. 

Furthermore, the IID manipulation will exert greater demands on 

withdrawn participants and is expected to reduce the number of reports 

particularly when the IID is in favour of the to-be-ignored stimulus. 

 

Methods 

 

Participants 

 

Thirty healthy adult volunteers were recruited from the student population of the 

University of Dundee. Three volunteers were excluded due to large artifacts on 

the recorded EEG and one due to falling asleep in the scanner. From the 

remaining volunteers, fifteen adult cigarette smokers (M age = 22, SD = 3.1; 5 

males, M age = 21, SD = 2.45 and 10 females, M age = 23, SD = 4.88) and 

eleven non-smokers (M age = 23, SD = 4.3; 6 males, M age = 22.17, SD = 4.12 
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and 5 females, M age = 22, SD = 1.87) were included in the study. For health and 

safety reasons, volunteers were required to complete a detailed health history 

questionnaire and screening for ferromagnetic objects or metal implants. The 

Tayside Medical Research Ethics Committee in Dundee approved the study and 

participants gave their written informed consent prior to participating. 

Recordings took place at the Tayside Clinical Research Center (CRC) in Dundee, 

Scotland. 

For the group of smokers, eligibility to participate in this study was based 

on daily cigarette consumption (minimum 15 cigarettes per day; M cigarette 

consumption = 17, SD = 2.5) and assessed using the Fagerstrom Test for 

Nicotine Dependence (FTND), previously used as a valid tool for assessing 

levels of nicotine dependence (Heatherton et al., 1991). The FTND consists of 

six items scored in the range of 0 to 1 or 0 to 3 yielding a total score of 10, with 

higher scores corresponding to higher levels of nicotine dependence (M score = 

5, SD = 1.9). Only volunteers who had been regularly smoking for at least six 

months prior to the study were recruited. All participants were right handed as 

assessed with the Edinburgh Handedness Inventory (Oldfield, 1971). Participants 

went through an audiometric screening to control for inter-aural acuity 

differences for the frequencies 250, 500, 1000, and 2000 Hz. Participants with 

inter-aural threshold difference larger than 5 dB were excluded from the study. 

Participants also completed the National Adult Reading Test (Nelson, 

1982). The NART comprises a list of 50 words that participants read aloud and 

the number of errors they make is recorded. Using the number of errors made on 

the NART it is possible to predict WAIS Verbal, Performance and Full-Scale IQs 

using appropriate formulae (for details see Nelson, 1982). The NART score is 

obtained by subtracting the number of words read correctly from the total 

number of words (i.e. 50). There were no significant differences (p > .05) in 

either of the measures between groups as assessed using independent samples t-

tests. Descriptive data from the two groups are summarized in the table below. 
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Table 3. Participant details (Non-Smokers and Withdrawn Smokers). 

 Non-Smokers Withdrawn Smokers 

 M SD Range M SD Range 

N 11   15   

Female 5   10   

Male 6   5   

Age 22 3.1 11 23 4.3 15 

Female 22 1.9 5 23 4.9 14 

Male 22 4.1 11 21 2.4 6 

Cig p/d 0 0 0 17 2.5 5 

Fagerström 0 0 0 5 1.9 7 

Yrs of Sm 0 0 0 5.9 4.4 18 

State Anxiety 31 6.8 18 36 8.2 27 

Normalized 

Tscore State 

37 11.9 30 44 11.4 37 

Trait Anxiety 40 5.1 17 42 9.1 26 

Normalized 

Tscore Trait 

53 5.9 20 54 10.1 29 

NART 12 6.1 19 18 8.1 31 

WAIS F/S IQ 118 5.0 15 113 6.6 25 

Fluency Score 19 2.3 8 16 3.0 10 

Fluency Time 2.7 .4 1.3 4.3 2.8 11 

Neuroticism 20 6.1 20 23 9.0 30 

Extraversion 31 6.3 23 31 4.2 16 

Openness 35 4.7 14 33 3.6 12 

Agreeableness 33 1.7 5 28 6.4 21 

Consc/ness 29 8.1 25 29 9.5 33 

Digit Span 17 3.8 12 15 4.2 14 

 

Biochemical verification of abstinence 

 

Participants in the smoking group were required to withdraw from nicotine for 

12 hours prior to the testing session. Compliance with this instruction was 

assessed with expired air carbon monoxide (CO) levels (piCO+ Smokerlyzer; 

Bedfont). Breath CO was measured twice, before and after overnight abstinence 

(before the testing session), in parts per million (ppm) and blood 

carboxyhaemoglobin (%COHb; see  
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Table 4). According to the recommended adult user profile of the CO device, 

readings of 0-6 ppm and 7-10 ppm indicate a non-smoker, and 11 and above 

indicate a smoker. The criterion for assessing overnight abstinence was a level of 

15 ppm or less after withdrawal. 

 

Table 4. Mean CO and COHb measurements and SDs for non-smoker and 

smoker groups. 

 Non-Smokers Smokers 

CO1 (ppm) 

%COHb1 

CO2 (ppm) 

%COHb2 

8.73 (5.69) 

2.04 (.91) 

7.18 (2.40) 

1.97 (.65) 

27.40 (22.08) 

5.10 (3.47) 

10.53 (4.17) 

2.40 (.76) 

 

Measures of anxious mood and personality 

 

Prior to testing, participants completed two questionnaires measuring state and 

trait anxiety (Spielberger et al., 1983) and personality traits (Costa & McCrae, 

1989). The State-Trait Anxiety Inventory (STAI) is a validated self-report 

measure that evaluates feelings of tension, worry, apprehension and nervousness. 

Each of the two subtests of the scale (State – Trait) consists of 20 questions. For 

the A-State the scale ranges from 1 (not at all) to 4 (very much so). For the A-

Trait the scale ranges from 1 (Almost never) to 4 (Almost always). Scores range 

from 20 to 80 for each subtest and higher scores indicate higher levels of anxiety. 

Each subject’s scores were compared against normative data available for large 

samples of college freshmen. This test was used as a comparison measure to 

evaluate differences in anxiety levels between groups prior to the testing session. 

The NEO Five-Factor Inventory (NEO-FFI) was used as a measure of 

five domains of personality (i.e. extraversion, agreeableness, conscientiousness, 

neuroticism and openness to experience). This measure consists of 60 items 

scored on a 5-point Likert scale. Scores range from 12 to 60. 
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Experimental paradigm 

 

This study aims to replicate the study conducted by Westerhausen et al. (2010) 

and extend it by combining EEG with fMRI methods to explore dichotic 

listening performance in a group of non-smokers and a group of withdrawn 

smokers. As in Westerhausen et al. (2010), the paradigm was an auditory speech 

perception task based on dichotic presentations of syllables. The syllables were 

CV combinations of six stop consonants /b/, /d/, /g/, /p/, /t/, and k/ with the vowel 

/a/, resulting in three unvoiced (/pa/, /ta/, /ka/) and three voiced (/ba/, /da/, /ga/) 

syllables. Only 12 dichotic syllable pairs of the possible 30 combinations were 

used by combining only syllables of equal voicing (e.g., /ba/-/da/, /pa/-/ta/ etc.) in 

order to control for the effect of voicing. The stimuli designed by Westerhausen 

et al. (2010) were used in the present study. Syllables were spoken in English by 

an adult Norwegian male voice with constant intensity and intonation (mean 

duration between 350 and 400 ms). The syllables of each pair were aligned to 

achieve simultaneous onset of the initial consonants. 

Stimulus-driven (bottom-up) and an instruction-driven (top-down) 

conditions were included to systematically vary cognitive control. An IID 

between the left and right ear stimulus presentation was used to vary the bottom-

up preference (Westerhausen et al., 2010). Five levels of IID were applied: 18 dB 

in favor of the left ear (−18 dB), 9 dB in favor of the left ear (−9 dB), no 

difference (0 dB), 9 dB in favor of the right ear (+9 dB), and 18 dB in favor of 

the right ear (+18 dB). In the no difference condition the left- and right-ear 

stimuli were presented at 70 dB sound pressure level (SPL). In the four 

conditions with IIDs the louder stimulus was always presented at 70 dB SPL, 

while the other, softer stimulus was presented at 61 or 52 dB SPL respectively. 

The stimulus intensity parameters were checked and adjusted by using a sound 

level meter attached to the Head and Torso Simulator System (2250 & 4128C, 

Bruüel and Kjær, Nærum, Denmark) (Westerhausen et al., 2010). 

In order to manipulate the top-down preference participants were 

instructed to focus their attention to and to report either the right-ear stimulus 

(FR) or the left-ear stimulus (FL) (Westerhausen et al., 2010). The instructions 

were pseudo-randomly varied and indicated to the participant before each trial by 
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an arrow pointing in the respective direction (FR: >>, FL: <<) that preceded the 

stimulus presentation by 1.5 s and disappeared with the stimulus onset. The 

visual attention instructions were given via Nordic Neurolab (NNL; Bergen, 

Norway) head coil-mounted goggles. A further control condition with no 

attention instruction (non-forced attention, NF) was added where an asterisk (*) 

appeared on the screen 1.5 s before stimulation. In this condition participants had 

to report the syllables they heard the best. To avoid “carry over” effects that 

might result from presenting the forced-attention conditions first (might be 

difficult to “not attend” once instructed to attend to a particular side in auditory 

space), the experiment always started with the NF instruction condition and was 

followed by the intermixed FR and FL conditions. 

The combination of the 5 IIDs with the 3 attention manipulations (NF, 

FR, and FL) resulted in 15 experimental conditions (18 stimulus presentations in 

each condition). This resulted in 270 stimulus presentations, pseudo-randomly 

intermixed with 135 “null events” (no acoustic stimulation) to create a stochastic 

event-related fMRI design (Westerhausen et al., 2010). Presentation of the CV 

syllables was done via MRI compatible earphones and timed to occur in the 

“silent gap” created by the sparse sampling fMRI acquisition protocol. The 

participants responded orally after each trial by naming the CV syllable they 

heard and their responses were recorded for later statistical analysis of correct 

reports on a digital recorder that was placed outside the scanner and connected to 

a custom made MRI compatible microphone. Stimulus administration and 

synchronization with the fMRI image acquisition was controlled by E-Prime 

software (version 2.0). 

 

EEG Recording 

EEG was acquired using Brain Amp MR+ amplifiers (Brainproducts, Munich, 

Germany) and a Brain Vision MR 3-0 64Ch Standard BrainCap (EasyCap, 

Herrsching, Germany) from 63 scalp electrodes: Fp1, Fp2, F3, F4, C3, C4, P3, 

P4, O1, O2, F7, F8, T7, T8, P7, P8, Fz, Cz, Pz, Oz, FC1, FC2, CP1, CP2, FC5, 

FC6, CP5, CP6, TP9, TP10, POz, F1, F2, C1, C2, P1, P2, AF3, AF4, FC3, FC4, 

CP3, CP4, PO3, PO4, F5, F6, C5, C6, P5, P6, AF7, AF8, FT7, FT8, TP7, TP8, 

PO7, PO8, FT9, FT10, FPz, CPz. Each electrode site was filled with high-
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chloride abrasive electrolyte gel. Heart rate was recorded using an ECG electrode 

placed slightly lateralized at the lower back of the participant. Electrode 

impedances were kept below 10 kohms. Continuous recordings were made with 

a sampling rate of 5000 Hz. 

 

MR Imaging 

Imaging was performed in one session in the Tayside Clinical Research Centre, 

Dundee. Participants initially completed a structural scan followed by the 

functional scan. Imaging was implemented on a 3 Tesla Siemens Magnetom 

TrioTim syngo MR scanner. The task was generated and presented using E-

Prime software (version 2.0). Structural images were acquired applying a T1-

weighted pulse sequence (FSPGR; Fast Spoiled Gradient; TR = 1900 ms; TE = 

2.64 ms; 9 deg flip angle) measuring 176 sagital slices (field of view, FOV = 200 

mm x 200 mm; 256 x 256 scan matrix) of 1 mm thickness. Functional images 

were obtained using an echo planar imaging (EPI) sequence (TE = 30 ms; 90° 

flip angle) and were oriented with reference to the structural image. The images 

were acquired using a sparse sampling protocol. In Westerhausen et al. 

(Westerhausen et al., 2010) a repetition time (TR) of 5.5s was used. In the 

present study, pilot recordings revealed a ‘ringing’ artifact following volume 

acquisition (see Figure 76, B). To preserve the quality of the EEG recordings an 

additional 500 ms of rest period was included so as to avoid this artifact (see 

Figure 76 and Figure 77). A 6 s TR was used and a brain volume acquisition 

time (TA) of 1.5 s left 4.0 s long “silent gaps” between successive MR volume 

acquisitions, which allowed for scanner noise-free stimulus presentations and 

corresponding response recording. Each EPI volume consisted of 25 axial slices 

(FOV 220 mm x 220 mm, 64 x 64 scan matrix) of 5 mm thickness resulting in a 

voxel size of 3.44 mm x 3.44 mm x 5.0 mm and covered the entire cerebrum and 

cerebelum. 

 



 

 

179 

 

Figure 76. EEG recording in the scanner. A. The artifact caused by the scanner 

gradient. B. The ‘ringing’ artifact immediately following volume acquisition. 

  

Figure 77 demonstrates a schematic representation of a typical trial. 

 

Figure 77. Schematic representation of a typical trial. 

 

Data Analysis 

Behavioral data analysis 

Statistical analysis of number of correct reports was performed using IBM SPSS 

software (version 19). A four-factorial ANOVA was used with factors of group 

(non-smoker, withdrawn smoker) and repeated-measure factors IID (5 levels; -

18dB, -9dB, 0dB, +9dB, +18dB), Attention (3 levels; NF, FR, FL) and Ear (2 

B A 
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levels; LE and RE). Greenhouse-Geisser correction was used where the 

sphericity assumption was violated. Post hoc analysis was performed using 

Bonferroni comparisons.   

 

EEG preprocessing and statistical analysis 

Brain Vision Analyzer (version 2.03) was used for preprocessing the EEG data. 

Initially, scanner artifact correction was performed on the data in order to correct 

interleaved intervals of artifact (-50 ms before the artifact to 1600 ms). Average 

templates were created by selecting the first six intervals and other intervals were 

included only if correlation exceeded 0.975. A maximum of 100 intervals were 

selected. All channels were enabled for correction. Data were downsampled with 

a factor of 20 and a FIR filter was applied on the data with a cut-off frequency of 

40 Hz. Pulse artifact correction was performed. Detection of pulses was 

performed using a semiautomatic mode with minimal pulse rate set to 60 pulses 

per minute and maximal rate set to 140 pulses per minute and an average pulse 

length of 714.5 ms, +/-285.5 ms. The pulse template searched between 0 s and 30 

s using the ECG pulse channel with 0.7 coherence trigger, 0.6 minimal amplitude 

and 1.2 maximal amplitude. Time delay was automatically estimated over the 

whole data. Twenty-one pulses were used for correction and all channels were 

enabled excluding the ECG electrode. 

Following pulse correction, ocular correction with Independent 

Component Analysis (OC ICA) was applied on the data. A Slope algorithm was 

used to detect the blinks on the VEOG channel using Fp1 as a blink marker 

channel. Also, Fp1 was used as a vertical activity channel. Electrode F7 was used 

as a horizontal activity channel and electrode F8 was used as a reference channel. 

Relevant components for vertical activity were selected based on the relative 

variance in the respective channel. The percentage of variance to delete was set 

to 30%. Intervals around the blinks were used for ICA with 512 ICA steps, 

convergence bound 1E-07, bound number of considered blinks set to 60, using 

Infomax Restricted ICA algorithm and excluding the ECG channel. Next, null 

trial markers were deleted from the data. Data were then segmented relative to 

reference marker positions for the attention conditions (NF, FL, FR). Each 

segment started at -300 ms and ended at 1900 ms (length: 2200 ms). Overlapped 
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segments were allowed. The total number of segments was 300. Then, artifact 

rejection using a semi automatic inspection algorithm was performed on the 

remaining 63 channels. To check the gradient the maximal allowed voltage step 

was set to 50 μV/ms and intervals were marked as bad 200 ms before and 200 ms 

after the event. The maximal allowed difference of values in intervals was 100 

μV with an interval length of 200 ms marking intervals as bad 200 ms before and 

200 ms after the event. The minimal allowed amplitude was -100 μV and 

maximal allowed amplitude 100 μV. Intervals were marked as bad 200 ms before 

and 200 ms after the event. The lowest allowed activity in intervals was 0.5 μV 

with an interval length of 100 ms. Intervals were marked as bad 200 ms before 

and 200 ms after the event. Identified artifacts were manually inspected and 

rejected. Then, baseline correction was applied on the data beginning -300 ms 

and ending at 0 ms. Finally, the preprocessed data were exported in a 16-Bit 

signed integer format. 

 Following preprocessing, datasets were imported into eeglab and saved to 

a .set format. Then, data for each participant were analyzed using LIMO in 

Matlab (Pernet et al., 2011). Analysis of data was performed starting at -300 ms 

up to 1898 ms. The categorical variable was coded in a single column for the NF, 

FL and FR conditions. The continuous IID regressor (-18 dB, -9 dB, 0 dB, +9 

dB, +18 dB) was split and normalized per attention instruction category resulting 

in three variables (i.e. IID for NF, IID for FL, IID for FR). The coding was 

reversed in the FR condition (+18 dB, +9 dB, 0 dB, - 9 dB, -18 dB). Behavioral 

reports that did not match either of the two dichotic syllables, as well as marked 

intervals of bad EEG (see preprocessing step above) were also added as 

continuous regressors in order to exclude these trials from the analysis. 

The beta files produced during the 1st level analysis (single subject 

analysis) of the EEG data were subjected to a 2nd level analysis (group analysis). 

Also, a T contrast was computed for each subject to explore the overall effect of 

the IID. At the group level, a Repeated Measures ANOVA (bootstrap set to 100 

iterations) was performed with factors of group (non-smokers and withdrawn 

smokers) and repeated factors of attention (3 levels: NF, FL, FR). A further 

Repeated Measures ANOVA was performed on the betas to explore areas and 

time frames of the interaction between IID and attention (3 levels: IID for NF, 

IID for FL, IID for FR) between groups. Finally, a one-sample t-test was 
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performed on the contrast files to explore areas and time frames illustrating 

significant IID effects across groups and a two-samples t-test was performed to 

investigate overall IID effects between groups. 

 

Functional image preprocessing and statistical analysis 

Image preprocessing and statistical analysis was performed using Statistical 

Parametric Mapping (SPM8; Welcome Department of Cognitive Neurology, 

London, UK) implemented in Matlab (Mathworks Inc., Natick, MA, USA). 

Anatomical and functional scans were reoriented and slice timing was performed 

in order to correct differences in image acquisition time between slices. The EPI 

images were intra-individually realigned to the first image in each time series in 

order to adjust for movement between slices, and were registered to the mean. In 

the co-registration step, the functional scans were linked to the anatomical scan. 

The mean and variance of the gray/white matter signal intensities were estimated 

in order to match the T2* and T1 segmented images. Then images were 

normalized to the MNI standard template based on the mean functional image 

generated during realignment. Images were re-sampled to a voxel size of 2 mm. 

Normalized images were spatially smoothed using an isotropic Gaussian kernel 

of 8 mm FWHM in order to suppress noise and effects due to residual inter-

individual differences in functional and gyral anatomy and to increase the signal-

to-noise ratio. 

 In the first level, individual statistical analysis of the BOLD fMRI data, 

the model was set up to include a predictor for each of the ATT conditions (NF, 

FL, FR) and the modeled interaction between the sound stimuli and the IID for 

each of the ATT conditions (i.e. IID for NF, IID for FL, IID for FR). 

Realignment parameters obtained during preprocessing were also modeled in the 

design. The predictors were convoluted with the canonical hemodynamic 

response function (hrf) and a temporal high-pass filter with cutoff of 128 s was 

applied. From the estimated beta maps obtained from the first level analysis, T 

contrasts were computed for each subject and these were submitted to second 

level group analysis using a flexible factorial design. The first analysis included 

the factors of subjects, attention (3 levels; NF, FL, FR) and group (2 levels; Non-

smokers, Smokers). The second analysis included the factors of subjects, IID (3 
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levels; IID for NF, IID for FL, IID for FR) and group (2 levels). T contrasts were 

illustrated using a multiple comparison correction based on the FDR cluster 

extent at p < .001 significance level. The Automated Anatomical Labeling 

(AAL) software and digital human brain atlas 

(http://www.gin.cnrs.fr/spip.php?article217) with a labeled volume indicating 

macroscopic brain structures was used for labeling of clusters. Thresholded 

images were visualized using xjView and the Mricron software (version 6/2013) 

(Rorden, Karnath, & Bonilha, 2007). The Easy-ROI toolbox for SPM (Pernet, 

2006; http://www.sbirc.ed.ac.uk/cyril/Downloads.html) was used to extract 

means and the SDs across voxels for each image and the mean, SDs and the first 

eigenvariate across voxels and images from regions of interest (ROIs). Plots of 

the effects were created in Excel (version 14.4.1). 

 

Results 

Questionnaires 

An independent samples t-test comparing State and Trait anxiety scores between 

groups did not reveal any significant differences (p > .05). For the personality 

measures, a 2 x 5 ANOVA with factors of group (non-smokers, smokers) and 

personality trait (neuroticism, extraversion, openness, agreeableness, 

conscientiousness) was carried out. This revealed significant group differences 

on the dimension of Agreeableness where withdrawn smokers scored 

significantly lower (M = 28.27, SD = 6.41) compared to non-smokers (M = 

33.36, SD = 1.75; F(1,25) = 6.54, p < .05). This finding is consistent with 

previous research suggesting that current smokers score lower on Agreeableness 

(Terracciano et al., 2008). However, contrary to previous findings, there were no 

differences in any of the other dimensions. 

 

Behavioral Data 

 

Behavioral effects were explored using a 2 x 2 x 3 x 5 ANOVA with factors of 

group (non-smokers, withdrawn smokers) and the repeated measure factors Ear 

(LE, RE), Attention (ATT; NF, FL, FR) and Inter-aural intensity difference (IID; 

http://www.gin.cnrs.fr/spip.php?article217
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5 levels; see details above). Greenhouse-Geisser correction was applied where 

the assumption of sphericity was violated. Post hoc analysis was performed using 

Bonferroni comparisons. Results are presented in Table 5. 

Table 5. Results from the ANOVA of the dichotic listening performance. 

 F  dfeffect dferror adj. p r 

Group 12.22 - 1 24 0.002 0.58 

ATT 3.05 0.78 1.56 37.41 0.071 0.28 

Ear x ATT 15.49 0.81 1.62 38.83 0.000 0.53 

Ear x IID 4.68 0.64 2.55 61.08 0.008 0.27 

ATT x IID 12.14 0.63 5.02 120.45 0.000 0.30 

Ear x ATT x IID 3.33 - 8 192 0.001 0.13 

Notes: Significant findings (p < .05) are indicated in italics.  represents the Greenhouse-Geisser 

correction factor epsilon where appropriate; df represents the degrees of freedom; adj. p is given 

using the Greenhouse-Geisser corrected values where appropriate; r represents the effect size. 

Consistent with hypothesis 1, the ANOVA revealed a significant ear and 

attention interaction (p < .01, r = .53) suggesting that attention had an effect on 

the number of syllables reported from each ear. Contrasts revealed a significant 

REA (p < .05) in the FR condition, whereas a significant LEA (p < .05) was 

evident in both NF and FL conditions. Contrary to previous findings 

(Westerhausen et al., 2010; Falkenberg et al., 2011), the main effect of attention 

was not significant. 

Consistent with hypothesis 3, there was a significant ear and IID 

interaction (p < .05, r = .27). Contrasts revealed that when the left ear stimulus 

was louder than the right ear stimulus (-18 dB), the left ear stimulus was reported 

significantly more often (p < .05). Similarly, when the right ear stimulus was 

louder than the left ear stimulus (+18 dB), the right ear stimulus was reported 

more often. However, in contrast to previous findings reporting a linear 

modulation of the ear advantage, in the present study these effects were not 

significant but the direction of the effects suggested that in the -9 dB condition 

both left and right ear stimuli were equally reported, whereas in the +9 dB and 0 

dB conditions participants reported more left ear stimuli (p > .05). 

Consistent with hypothesis 5, there was a significant three-way 

interaction of ear, attention and IID (p < .05, r = .13) suggesting that the IID and 
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attention instruction had an effect on the number of stimuli reported from each 

ear. Specifically, participants reported less left ear stimuli in the FR condition 

when the left ear stimulus was louder than the right ear stimulus and vice versa. 

Consistent with hypothesis 6, the ANOVA also revealed a significant 

attention and IID interaction (p < .001, r = .30), due to subjects reporting less 

right ear stimuli when the IID was in favor of the left ear (-18 dB and -9 dB) and 

less left ear stimuli when the IID was in favor of the right ear (+9 and +18 dB). 

In the 0 dB condition reports were significantly less in the FL than in the FR 

condition (p < .05). Figure 78 illustrates these effects across groups. 

 

 

Figure 78. Behavioral results across groups. Number of correct reports for 

syllables presented to the left and right ears (LE, RE) in the three attention 

instruction conditions (NF, FL, FR). Significant post hoc comparisons (p < .05) 

are indicated with red, blue and green asterisks (*) denoting significant 

differences to NF, FL and FR conditions respectively. 

 

Consistent with previous findings (Falkenberg et al., 2011; Westerhausen 

et al., 2010), participants reported equal numbers of left ear stimuli in the NF and 

FL conditions but significantly fewer stimuli in the FR condition (p < .05), when 

the left ear stimulus was presented louder than the right ear stimulus (-18 dB and 

-9 dB). Similarly, reports of the right ear stimuli were significantly less in the FL 
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condition compared to the NF and FR conditions (p < .05), when the right ear 

stimulus was presented louder than the left ear stimulus (+18 dB and +9 dB) and 

in the 0 dB condition. Also, in the -9 dB condition, reports of right ear stimuli 

were significantly lower in the NF than in the FR condition. However, the 

present findings also revealed that participants reported significantly more left 

ear stimuli in the FL compared to the FR condition when the IID was at the same 

level, or in favor of the right ear stimulus. Similarly, the number of reports of 

right ear stimuli was significantly higher in the FR compared to the NF and FL 

conditions, when the IID was in favor of the left ear stimulus. 

Consistent with hypothesis 7, the ANOVA revealed significant group 

differences (p < .05, r = .58) where, overall, non-smokers reported significantly 

more stimuli compared to withdrawn smokers. However, there were no other 

effects or interactions, but there was a trend for the main effect of attention 

instruction (p = .07, r = .28) indicating a higher number of reports in the NF than 

in the FL condition. 

 

ERP Results 

 

A single-trial ERP approach (LIMO EEG; Pernet et al., 2011) was used for the 

analysis of the EEG data. Figure 79 shows the design matrix for the 1st level 

analysis in LIMO, for one subject. Epoched data from each subject (all trials) 

were analyzed to create the estimated beta parameters expressing the effect of the 

different experimental conditions (NF, FL, FR), the IID coded for each ATT 

condition (normalized continuous regressors were created using a simple routine 

in Matlab; Pernet, 2014), incorrect reports (syllables reported that did not match 

any of the presented dichotic pair) and EEG intervals containing artifacts across 

all stimuli coded in the design matrix. 
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Figure 79. Design Matrix for the 1st level analysis in LIMO for 1 subject. C1: 

ATT NF, C2: ATT FL, C3: ATT FR, C4: IID NF, C5: IID FL, C6: IID FR, C7: 

Reports, C8: Bad EEG Intervals, C9: Constant term. 

 

 At the 2nd level analysis (group analysis), the beta parameters obtained 

from the 1st level analysis for each subject are analyzed to test for electrodes and 

time frames where there were significant effects between the three attention 

instruction conditions, between groups, using a Repeated Measures ANOVA. 

The results are reported using a 2D (spatial-temporal) clustering correction for 

multiple comparisons. Figure 80 illustrates the design matrix for the analysis. 
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Figure 80. Design matrix for the group analysis in LIMO. Columns 1-3 in the 

design matrix represent the data for the NF, FL and FR attention conditions for 

the group of non-smokers. Columns 4-6 represent the data for the NF, FL and FR 

attention conditions for the group of withdrawn smokers. 

 Consistent with hypothesis 2, the ANOVA revealed significant main 

effects of attention instruction across subjects. These effects are illustrated in 

Figure 81. 
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Figure 81. Results from the ANOVA for the attention instruction conditions. Top 

left: Electrodes and time frames showing significant effects. Top right: 

Topographic maps of the effects. Middle: 20% trimmed mean ERP waveforms 

for the attention instruction conditions (NF, FL, FR) across subjects, at a location 

F7 

F8 
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in the left hemisphere (F7). Bottom: 20% trimmed mean ERPs for the three 

attention conditions, at a location in the right hemisphere (F8). 

The attention instruction (NF, FL, FR) was presented on a screen for 1.5 

seconds. As it can be seen in the figure above, there are significant differences 

between the three attention instruction conditions starting at approximately 500 

ms after stimulus presentation and lasting up to 1500 ms. These effects are 

bilateral activations at frontal, frontotemporal, central and parietal areas. The 

middle and bottom panels in Figure 81 illustrate the ERP waveforms at a frontal 

site in the left hemisphere (F7) and in the right hemisphere (F8) respectively. 

Consistent with the hypothesis, the present findings show that when participants 

focused attention in the left ear, ERP amplitudes were more positive at areas in 

the left hemisphere whereas a CNV deflection was observed in the contralateral 

hemisphere (i.e., right). Similarly, focusing attention in the right ear stimulus 

increased ERP amplitudes in the right hemisphere and produced a CNV 

deflection in the left hemisphere. In the NF condition a negative wave was 

observed that was enhanced in the left hemisphere compared to the right. To 

better explore these effects further plots exploring the beta parameters for each 

condition are illustrated in Figure 82. 
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Figure 82. Effects of attention instruction (NF, FL, FR). Left: Three-dimensional 

parameter plots (amplitude x electrodes x time frames) in each attention 

instruction condition across groups. Middle: Results from a one-sample t-test for 

each condition showing electrodes and time frames of significant effects. Right: 

Results from one-sample t-test showing the topographic maps of the effects. 

Figure 82 demonstrates the effects of each attention instruction condition 

on ERP amplitude. Consistent with the hypotheses, in the NF condition 

participants demonstrated reduced ERP modulation compared to the FL and FR 

conditions. Specifically, when subjects focused attention on the right ear (FR) 

NF 

FL 

FR 
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then the ERP deflection became relatively more negative in the left hemisphere, 

as compared to the NF and FL conditions while the ERP deflection over the right 

hemisphere became relatively more positive. Similarly, when participants 

focused attention in the left ear (FL), ERP amplitudes became more negative in 

the right hemisphere, as compared to the NF and FR conditions. On the other 

hand, the ERP over the hemisphere that is not involved became relatively more 

positive in amplitude. This large positive deflection may be related to 

generalized inhibition in the less engaged hemisphere. In other words, 

contralateral areas are showing relatively more negative responses between 400 

and 1500 ms reflecting the CNV component generated during delay periods that 

has been linked to preparatory processes including anticipatory attention, motor 

preparation while the opposite hemisphere is exhibiting evidence of inhibition of 

distracting inputs (Rosahl & Knight, 1995; Woods & Knight, 1986). It has been 

previously shown that the early and late CNV components often overlap when 

the imperative stimulus is less than 3-4 sec apart from the warning stimulus. As 

discussed earlier, it is found that the early CNV component has frontal scalp 

predominance with latencies ranging from 400 to 800 ms, whereas the late CNV 

component is maximal at frontocentral areas and reaches peak amplitude at the 

time of presentation of the imperative stimulus (Rohrbaugh et al., 1986; Rosahl 

& Knight, 1995). In the current task, participants exhibited decreased signal 

amplitudes at frontal areas, which progressively became right lateralized in the 

NF and FR conditions and left lateralized in the FL condition. 

Further plots illustrating the mean ERP waveforms for each subject in 

each condition are shown in Figure 83. 
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Figure 83. Mean ERP waveforms for each subject in each attention instruction 

condition (NF, FL, FR) at electrode F7. 

 As depicted in the figure above, ERPs in the NF condition are less 

variable compared to the FL and FR conditions. 

 To explore the overall effects of IID on performance across conditions, a 

T contrast was computed for each participant and subjected to a one-sample t-

test. Contrary to hypothesis 4, this did not reveal any significant effects. A 

Repeated Measures ANOVA was performed on the beta parameters obtained 

from the 1st level analysis to test for electrodes and time frames where there were 

significant effects of the normalized continuous regressors of IID for each 

attention condition (i.e. IID for NF, IID for FL, IID for FR) between groups. 

NF 

FL 

FR 
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Consistent with hypothesis 6, the analysis revealed a significant attention and IID 

interaction. The results are illustrated in Figure 84. 

 

 
Figure 84. Results from the ANOVA illustrating time frames and electrodes 

(left) and topographic maps (right) of significant attention and IID interactions. 

 

 Following the attention instruction, a dichotic pair of syllables was 

presented at 1500 ms and participants had to report the ear stimulus they had 

been instructed to attend to. As it can be seen in the figure above, there are 

significant effects starting at 1500 ms and lasting up to 1900 ms. These effects 

are pronounced at central, parietal and occipital electrodes in the left hemisphere. 

Further plots of the IID effects per attention instruction condition are illustrated 

in Figure 85 below. 
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Figure 85. Three-dimensional parameter plots (amplitude x electrodes x time 

frames) of the interaction of IID with each attention instruction condition (NF, 

FL, FR) and topographic plots of uncorrected thresholds (right). 

Contrary to the hypotheses, the IID manipulation in the NF condition 

resulted in bilateral amplitude increases that were pronounced in the left 

hemisphere. On the other hand, consistent with the hypotheses, in the FL 

condition participants exhibited reduced amplitudes at central, and left parietal 

and occipital areas, and increased amplitudes at frontal areas. As it was 

hypothesized, when the to-be-attended stimulus is presented louder than the to-

be-ignored stimulus, brain activation is expected to reduce. However, the IID 

IID NF 

IID FR 

IID FL 
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manipulation in the FR condition resulted in frontal amplitude decrements and 

bilateral amplitude increases that progressively became pronounced in the right 

hemisphere. 

Consistent with hypothesis 7, the ANOVA also revealed significant 

group differences on attention instruction. These results are illustrated in the 

figure below.  

 

 

Figure 86. Results from the ANOVA illustrating significant differences between 

non-smokers and withdrawn smokers. Top left: Electrodes and time frames 

showing significant effects. Top right: Topographic maps of the effects. Bottom 

left: 20% trimmed mean ERP differences between groups at an electrode in the 

left hemisphere (T7). Bottom right: 20% trimmed mean ERP group differences 

at an electrode in the right hemisphere (T8). 

T7 T8 
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The ANOVA revealed significant group differences at some frontal and 

temporal electrodes between 200 and 500 ms although these effects were not 

strong. However, there were significant effects starting at 680 ms up to 1500 ms 

strongest at temporal, central and central parietal electrodes in the left 

hemisphere. As illustrated at the bottom panels in the previous figure, non-

smokers produced more positive ERP responses between 600 and 1500 ms in the 

left hemisphere, whereas responses in the right hemisphere were similar in both 

groups at these latencies, and non-smokers exhibited slightly more negative 

amplitudes between 200 and 600 ms. Finally, the interaction between attention 

instruction and group was not significant. 

Contrary to the hypotheses, the ANOVA did not reveal any significant 

group differences on IID. Also the three-way interaction of group, attention and 

IID was not significant. Finally, a two-samples t-test was performed on the 

contrasts to explore overall IID effects between groups but this also did not yield 

any significant effects. 

 

Functional imaging 

 

The analysis of the BOLD fMRI data yielded several significant effects. Results 

of the T maps are illustrated using false discovery rate (FDR) adjusted values and 

thresholding at the smallest extent. A 2 x 3 flexible factorial design was used 

with the between-group factor of non-smokers and withdrawn smokers, the 

within subjects factor of attention instruction (3 levels: NF, FL, FR), and the 

between-subjects factor modeling the subject constants. The design matrix of this 

analysis is illustrated in Figure 87. 
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Figure 87. Matrix of the 2 x 3 flexible factorial design for the analysis of the 

BOLD data in SPM, with factors group and attention instruction. Columns in the 

design matrix represent: 1. Non-smokers (NS); 2. Smokers (SM); 3. ATT NF; 4. 

ATT FL; 5. ATT FR; 6. NS NF; 7. NS FL; 8. NS FR; 9. SM NF; 10. SM FL; 11. 

SM FR; 12-22. NS subjects; 23-37. SM subjects. 

 

Table 6 summarizes clusters that show significant effects. 
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Table 6. Results of the factorial fMRI data analysis (attention x group) 

illustrating clusters showing significant (p < .001, FDR) effects.  

Effect  Anatomical structure 
Clust size 

(voxel) 
T 

MNI coordinate 

x y z 

ATT FL 1 R PCu R Cu R PostCC 627 7.04 24 -48 26 

  R Hipp R HG R INS  5.80 28 -36 16 

 2 L Hipp L RO L HG 1086 6.97 -24 -38 16 

  L INS L RO L HG  5.93 -26 -38 24 

  L MCC L PostCC L IPL  5.83 -20 -38 32 

 3 R MCC R SMA R SFG 340 5.90 18 -4 42 

  R MCC R CN R SMA  4.23 18 -20 34 

ATT FR 1 L RO L HG L INS 829 7.37 -26 -36 16 

  L RO L STG L INS  6.49 -32 -42 22 

  L MCC L PostCC L PCu  5.05 -16 -32 34 

 2 R PCu R Cu R MCC 546 6.75 24 -50 28 

  R MCC R PCu R PostCG  6.14 22 -38 34 

  R Hipp R Th R HG  4.89 26 -34 14 

GRP (ATT) 1 R Cereb 3 Vermis 1, 2 Vermis 3 334 8.11 8 -40 -26 

 2 L PCu L CalcS L LG  6.47 -26 -54 8 

  Vermis 4, 5 Vermis 3 L Cereb 4, 5 984 6.25 2 -48 -2 

  L PostCC L PCu L Hipp  6.11 -12 -42 18 

 3 R Hipp R PCu R CalcS 484 5.24 30 -42 4 

  R CalcS R PCu R LG  4.88 30 -52 4 

  R FG R IT R IOG  4.85 36 -58 -6 

GRP (ATT) Rev. 1 L MFG L SFG L preCG 270 6.96 -28 20 50 

  L SFG L MFG L SMA  4.72 -16 12 52 

 2 R SOG R Cu R CalcS 255 6.59 22 -78 20 

 3 R CN R Th L CN 589 6.53 6 2 14 

  L CN L PU L PD  5.25 -12 10 14 

  R PD R PU R CN  4.55 20 -2 8 

 4 L MCC L PCu L PostCC 774 6.37 -14 -40 36 

  R PostCC L PostCC R MCC  5.70 4 -34 26 

  L PostCC L MCC R MCC  5.55 -4 -32 28 

 5 L PARC L preCG L SMA 232 6.22 -16 -20 64 

  L PARC R PARC L preCG  5.44 -8 -26 70 

 6 R SMA R SFG L SMA 885 5.93 14 10 64 

  R MFG R SFG R IFG-tri  5.55 32 46 30 

  R MFG R preCG R IFGo  5.49 44 10 50 

 7 R PostCG R SMG R IPL 199 5.17 34 -32 44 

  R preCG R PostCG R MCC  4.17 28 -26 52 

NS 1 L Hipp L HG L RO 685 8.89 -24 -38 14 

  L Hipp L LG L STG  6.71 -32 -44 6 

  L RO L AG L STG  5.90 -30 -44 24 

 2 Vermis 1, 2 R Cereb 3 Vermis 10 323 8.23 6 -38 -28 
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 3 R Hipp R PCu R CalcS 590 6.75 30 -40 10 

  R PCu R PostCC R Cu  5.28 22 -48 26 

  R PostCC R Hipp R PCu  5.01 18 -38 16 

 4 L Cereb 4, 5 Vermis 4, 5 Vermis 3 318 6.24 -2 -40 0 

NS FL 1 R Hipp R HG R Th 173 6.16 28 -36 14 

  R CalcS R PCu R LG  3.53 30 -52 4 

 2 R Cereb 3 Vermis 1, 2 Vermis 10 230 5.75 8 -40 -28 

  Vermis 1, 2 Vermis 10 L Cereb 3  5.34 -2 -40 -28 

 3 L Hipp L RO L HG 302 5.56 -24 -38 16 

  L Hipp L STG L PCu  5.26 -32 -44 8 

  L AG L RO L INS  4.51 -26 -42 26 

 4 R MCC R PCu R AG 196 5.26 24 -48 32 

NS FR 1 L Hipp L RO L HG 410 6.81 -24 -38 16 

  L RO L STG L INS  4.83 -32 -42 22 

  L PCu L Hipp L CalcS  4.65 -28 -46 10 

 2 R Cereb 3 Vermis 1, 2 Vermis 10 224 6.53 8 -40 -28 

  Vermis 1, 2 Vermis 10 L Cereb 3  5.99 -2 -40 -28 

WS 1 L MCC L PostCC L PCu 1951 8.01 -18 -38 32 

  R MCC R PCu R PostCG  7.80 22 -38 34 

  L RO L HG L INS  7.21 -28 -36 16 

 2 R MCC R SMA R SFG 242 6.69 18 -6 42 

WS FL 1 R MCC R SMA R SFG 308 6.84 16 -6 40 

  R MCC R SFG R MFG  6.37 18 4 38 

  R MCC R CN R SMA  3.58 18 -20 34 

 2 L MCC L PostCC L PCu 834 5.92 -18 -38 32 

  L PostCC R MCC R PostCC  5.92 2 -30 24 

  L RO L HG L INS  5.58 -28 -36 16 

 3 R PCu R Cu R CalcS 371 5.50 26 -48 26 

  R PostCC R MCC R PCu  5.32 20 -42 28 

  R AG R MTG R STG  4.72 35 -46 24 

 4 R CN R ACC L ACC 130 4.55 4 8 16 

  L ACC L CN R ACC  4.41 -4 14 18 

  R CN R ACC R PU  3.69 12 18 14 

WS FR 1 R MCC R PCu R PostCG 347 5.90 22 -38 34 

  R AG R MTG R STG  5.42 35 -46 24 

  R PCu R Cu R AG  5.30 26 -50 28 

 2 L MCC L PostCC L PCu 620 5.63 -14 -32 34 

  L RO L STG L INS  5.24 -32 -40 18 

  R PostCC L PostCC R MCC  4.77 4 -34 26 

Notes: Abbreviations are explained in the List of Abbreviations (page xv). AAL software was used for labeling of clusters. 

 

The analysis of the fMRI data did not reveal a main effect of attention 

instruction across groups. However, consistent with hypothesis 2, there was a 

significant effect of attention instruction in the FL and FR conditions (see Figure 
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88 and Table 6). Specifically, the analysis revealed three clusters showing 

significant effects on BOLD activation in the FL condition. The first cluster was 

located in the right cerebrum (precuneus (PCu), cuneus (Cu), posterior cingulum 

(PostCC), hippocampus (Hipp), Heschl’s gyrus (HG) and insula (INS)). The 

second cluster of activations was located in the left cerebrum (INS, rolandic 

operculum (RO), HG, Hipp, middle cingulate (MCC), parietal cingulate (PCC) 

and inferior parietal lobe (IPL)). The third cluster was in the right cerebrum 

(MCC, supplementary motor area (SMA), superior frontal gyrus (SFG) and 

caudate nucleus (CN)). 

In the FR attention instruction, two clusters showed significant effects on 

BOLD activation. The first cluster was located in the left cerebrum (RO, HG, 

INS, MCC, PCC, PCu and superior temporal gyrus (STG)). The second cluster 

was located in the right hemisphere (PCu, Cu, MCC, postcentral gyrus (PostCG), 

Hipp, thalamus (Th) and HG). 
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 Figure 88. Results of the fMRI analysis showing an axial view of regions of 

significant (p < .001, FDR corrected at smallest extent threshold) effects of FL 

(red), FR (blue) attention instruction (overlapping areas are marked in purple) 
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and plots of the Beta parameter estimates. Abbreviations are explained in the List 

of Abbreviations (page xv). 

  

A 2 x 3 flexible factorial design was used with the between-group factor 

of non-smokers and withdrawn smokers, the within subjects factor of IID 

normalized and split per attention instruction condition (3 levels: IID NF, IID 

FL, IID FR), and the between-subjects factor modeling the subject constants. The 

design matrix of this analysis is illustrated in Figure 89.  
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Figure 89. Matrix of the 2 x 3 flexible factorial design for the analysis of the 

BOLD data in SPM, with factors group and IID normalized and split per 

attention instruction condition (IID NF, IID FL, IID FR). Columns in the design 

matrix represent: 1. Non-smokers; 2. Smokers; 3. IID NF; 4. IID FL; 5. IID FR; 

6. NS IID NF; 7. NS IID FL; 8. NS IID FR; 9. SM IID NF; 10. SM IID FL; 11. 

SM IID FR; 12-22 NS subjects; 23-37 SM subjects. 
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The analysis revealed several effects. These are presented in  

Table 7. 

 

Table 7. Results of the factorial fMRI data analysis (attention x IID x group) 

illustrating clusters showing significant (p < .001, FDR) effects. 

Effect  Anatomical structure 
Clust size 

(voxel) 
T 

MNI coordinate 

x y z 

ATT x IID Rev. 1 L IFG-tri L IFGo L preCG 887 4.57 -36 10 24 

  L INS L RO L PU  4.51 -32 -10 20 

  L preCG L PostCG L IFGo  4.33 -58 -4 32 

 2 R ACC L ACC R MCC 281 4.43 4 32 20 

  R ACC R SFG R MFG  4.09 18 38 18 

  R SFG R ACC R MFG  3.63 20 36 26 

GRP (IID) 1 R IPL R AG R SMG 371 4.85 42 -50 38 

  R IPL R SMG R AG  4.21 55 -48 38 

  R AG R SOG R MOcG  4.04 30 -50 42 

 2 L SPL L IPL L MOcG 384 4.57 -22 -66 48 

  L SPL L IPL L PostCG  4.56 -24 -58 54 

  L SPL L SOG L IPL  4.38 -20 -76 48 

GRP x ATT x IID 1 L AG L MOcG L IPL 233 4.69 -28 -50 30 

  L IPL L AG L SMG  4.27 -44 -50 42 

  L AG L MOcG L IPL  4.25 -30 -58 32 

NS 1 R IPL R AG R SMG 166 4.73 42 -50 38 

  R AG R SOG R MOcG  4.33 30 -60 42 

 2 L SPL L IPL L PostCG 207 4.48 -26 -60 54 

  L IPL L SPL L AG  3.86 -32 -54 46 

  L IPL L AG L SPL  3.72 -42 -52 48 

NS IID FL 1 L SPL L IPL L PostCG 343 5.26 -26 -60 54 

  L PostCG L SPL L IPL  4.72 -34 -44 62 

  L IPL L PostCG L SPL  4.09 -50 -36 54 

 2 R IPL R AG R SMG 291 5.18 42 -50 38 

  R IPL R SPL R AG  4.93 48 -50 52 

  R AG R MOcG R SOG  3.79 30 -58 40 

 3 R SMA R SFG L SMA 432 5.16 10 0 68 

  R SMA R SFG R preCG  4.46 14 -12 70 

  R SMA L SMA R FSM  4.27 4 18 58 

Notes: Abbreviations are explained in the List of Abbreviations (page xv). AAL toolbox was used for labeling of clusters. 

 

 

 Contrary to hypothesis 6, the interaction of attention and IID was not 

significant. However, the reversed contrast revealed two clusters of activations. 
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The first cluster was located in the left hemisphere IFG-tri, IFGo, PreCG, INS, 

RO, PU, PostCG. The second cluster was located in the right hemisphere (ACC, 

MCC, SFG, MFG). These effects are illustrated in Figure 90. 

 

 

Figure 90. Results of the fMRI analysis. Axial view of regions of significant (p < 

.001, FDR corrected at smallest extent threshold) interaction of attention 

instruction and IID (reversed contrast) across groups. Abbreviations are 

explained in the List of Abbreviations (page xv). 

 

Interaction Attention x IID (Reversed; [1 0 -1]) 

 L IFG-tri 
L IFGo 
L p 
 

L PostCG 
L INS 
LRO 
L PU 
 

R ACC 
R MCC 

R SFG 
R MFG 
L ACC 

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

P
a

ra
m

e
te

r 
E

st
im

a
te

 
(B

et
a

)

Cluster 1

NF

FL

FR

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

P
a

ra
m

e
te

r 
E

st
im

a
te

 
(B

et
a

)

Cluster 2

NF

FL

FR



 

 

207 

Consistent with hypothesis 7, the analysis also revealed three clusters 

showing significant group differences on BOLD activation across attention 

instruction conditions. The first cluster was located in the right Cerebelum 3 

(Cereb) and vermis 1, 2, 3. The second cluster was located in the left PCu, left 

calcarine sulcus (CalcS), left lingual gyrus (LG), vermis 3, 4, 5, left Cereb 4, 5, 

left PCC, left PCu and left Hipp. Finally, the third cluster of activations was 

located in the right hemisphere (Hipp, PCu, CalcS, LG, fusiform gyrus (FG), 

inferior temporal (IT) and inferior occipital gyrus (IO)). Reversed contrasts 

exploring group differences also revealed seven clusters of activations. The first 

cluster was located in the left hemisphere (mid frontal gyrus (MFG), sup frontal 

gyrus (SFG), precentral gyrus (PreCG), SMA). The second cluster was at the 

right superior occipital gyrus (SOG), Cu and CalcS. The third cluster of 

activations was in the right and left CN, right Th, left putamen (PU) and left 

pallidum (PD). The fourth cluster was located in the left and right MCC, left 

PCu, and left and right PCC. The sixth cluster was located in the right and left 

SMA, right SFG, right MFG, right frontal inferior pars triangularis (IFG-tri), 

right PreCG and right frontal inf operculum (IFGo). Finally, the seventh cluster 

of activations was located in the right postCG, supraMarginal gyrus (SMG), IPL, 

PreCG and MCC. These effects are illustrated in the figure below. 
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Figure 91. Results of the fMRI analysis. Axial view of regions of significant (p < 

.001, FDR corrected at smallest extent threshold) group differences (and reversed 
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contrast) across attention instruction conditions. Bottom: Direct comparison of 

non-smokers (blue) and withdrawn smokers (red). Abbreviations are explained in 

the List of Abbreviations (page xv). 

 Mean plots illustrating clusters where non-smokers demonstrated 

increased activity compared to withdrawn smokers are shown in the figure 

below. 

 

Figure 92. Mean parameter estimates (Beta) for non-smokers and withdrawn 

smokers in clusters that show significant differences followed by plots of the 1st 

eigenvariate and mean for each cluster. Abbreviations are explained in the List of 

Abbreviations (page xv). 
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 Mean plots of the reversed contrasts exploring clusters where withdrawn 

smokers demonstrated increased activity compared to non-smokers are shown in 

the next figure. 

 

Figure 93. Mean parameter estimates (Beta) for non-smokers and withdrawn 

smokers in clusters that show significant differences (reversed contrasts) 

followed by plots of the 1st eigenvariate and mean for each cluster. Abbreviations 

are explained in the List of Abbreviations (page xv). 
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there were four clusters of activation in the FL condition. The first cluster was 

located in the right hemisphere (Hipp, HG, Th, Calc, PCu, LG). The second 

cluster was located in the right and left Cereb 3, and vermis 1, 2, 10. The third 

cluster was located in the left hemisphere (Hipp, RO, HG, STG, PCu, AG, INS). 

Finally, the fourth cluster was located in the right hemisphere (MCC, PCu, AG). 

In the FR condition the first of two clusters of activations was located in the left 

hemisphere (Hipp, RO, HG, STG, INS, PCu, CalcS). The second cluster was 

located in the right and left Cereb 3, and vermis 1, 2, 10. 

 In the group of withdrawn smokers, in the FL condition there were four 

clusters of activation. The first cluster was located in the right hemisphere 

(MCC, SMA, SFG, MFG, CN). The second cluster was located in the left and 

right MCC, left and right PCC, left PCu, left RO, left HG, and left INS. The third 

cluster was located in the right hemisphere (PCu, Cu, CalcS, PCC, MCC, AG, 

MTG and STG). Finally, the fourth cluster was located in the right and left CN, 

right and left ACC, and right PU. In the FR condition the first of two clusters 

was located in the right hemisphere (MCC, PCu, PostCG, AG, MTG, STG, Cu). 

The second cluster was located in the left hemisphere (MCC, PCC, PCu, RO, 

STG, INS) and the right PostCC and MCC. These effects are illustrated in Table 

6 and Figure 94. 

 

Figure 94. Axial view of regions of significant (p < .001, FDR corrected at 

smallest extent threshold) activation in the FL and FR conditions in non-smokers 
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and withdrawn smokers. Abbreviations are explained in the List of Abbreviations 

(page xv). 

 

 The analysis also revealed a significant main effect of group across IID 

conditions. The first of two clusters was located in the right hemisphere (IPL, 

AG, SMG, SOG, MOcG). The second cluster was located in the left hemisphere 

(SPL, IPL, MOcG, PostCG, SOG). Figure 95 shows these effects. 

 

 

Figure 95. Results of the fMRI analysis. Axial view of regions of significant (p < 

.001, FDR corrected at smallest extent threshold) group differences. 

Abbreviations are explained in the List of Abbreviations (page xv). 

-0.4

-0.2

0

0.2

0.4

0.6

P
a

ra
m

e
te

r 
E

st
im

a
te

 
(B

et
a

)

Group

Cluster 2

Non-Smokers

Withdrawn
Smokers

-0.4

-0.2

0

0.2

0.4

0.6

P
a

ra
m

e
te

r 
E

st
im

a
te

 
(B

et
a

)

Group

Cluster 1

Non-Smokers

Withdrawn
Smokers

 

Main effect of Group 

R IPL 
R AG 
R SMG 

R SOG 
R MOcG 

L SPL 
L IPL 

L MOcG 
L SOG 
 

L PostCG 
 



 

 

213 

 The results also revealed a significant three-way interaction of group, 

attention and IID in one cluster (see Figure 96) located in the left hemisphere 

(AG, MOcG, IPL, SMG). 

 

Figure 96. Results of the fMRI analysis. Axial view of regions of significant (p < 

.001, FDR corrected at smallest extent threshold) interaction of group, attention 

and IID (top), and parameter estimates (Beta) of the effects (bottom). 

Abbreviations are explained in the List of Abbreviations (page xv). 
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Further contrasts exploring effects in each group revealed two significant 

clusters of activations in the group of non-smokers. The first cluster was located 

in the right hemisphere (IPL, AG, SMG, SOG, MOcG). The second cluster was 

located in the left hemisphere (SPL, IPL, PostCG, AG). Finally, there were 

significant effects of IID in the FL condition in non-smokers. The first of three 

clusters was located in the left hemisphere (SPL, IPL, PostCG). The second 

cluster was located in the right hemisphere (IPL, AG, SMG, SPL, MOcG, SOG). 

The third cluster was located in the right and left SMA, right sup frontal, right 

PreCG and right FSM. These effects are illustrated in Figure 97. 

 

 

Figure 97. Results of the fMRI analysis. Axial view of regions of significant (p < 

.001, FDR corrected at smallest extent threshold) overall effects in the group of 

non-smokers (top) and of the IID in the FL condition (bottom) marking 

additional areas of activation. Abbreviations are explained in the List of 

Abbreviations (page xv). 

  

The analysis did not reveal other significant effects. 
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Discussion 

 

The aim of the present study was to understand the dynamics of attention and 

cognitive control networks by varying the degree of top-down control demands. 

A further aim was to explore these effects in withdrawn smokers. A dichotic 

auditory CV syllable discrimination task (Westerhausen et al., 2010) was used 

where participants were instructed to selectively attend to and report one of the 

two simultaneously presented syllables (top-down preference). Parametric 

variation of the bottom-up preference was achieved by manipulating the IID 

between the left and the right ear stimuli. The results of the present study were 

partly similar to previous findings reported by Westerhausen et al. (2010) and 

Falkenberg et al. (2011), showing modulation of the BOLD response in 

frontoparietal areas by an interaction of attention instruction (top-down) and IID 

manipulation (bottom-up). Furthermore, the findings revealed that nicotine 

withdrawal additionally modulated these effects. These findings will be 

discussed in the context of current theories of attention and cognitive control. 

 

Behavioral results 

 

Consistent with previous findings (Westerhausen et al., 2010; Falkenberg et al., 

2011) the behavioral results revealed a significant attention instruction and ear 

interaction marked by enhanced performance (i.e., increased number of reports) 

in the attended ear and reduced performance in the non-attended ear, indicating a 

role of top-down control. A significant IID and ear interaction indicated a 

bottom-up effect whereby manipulation of the IID modulated the ear advantage. 

Specifically, the number of left ear reports increased when the IID favored the 

left ear stimulus. Similarly, there was a tendency for a REA when the right ear 

stimulus was presented louder than the left ear stimulus. However, although there 

was a tendency for the number of reports to decrease the more the stimulus 

saliency (i.e. loudness) decreased, in the +9 dB condition participants reported 

more left ear stimuli whereas in the -9 dB condition they reported equal numbers 

of left and right ear stimuli. Compared to previous findings (Falkenberg et al., 



 

 

216 

2011; Westerhausen et al., 2010) the results of the present study suggest that 

participants were able to exert greater control of attention and demonstrated 

better performance. A further three-way interaction of ear, attention and IID 

suggested that bottom-up effects could be additionally modulated by top-down 

control mechanisms. Also, there was a significant attention instruction and IID 

interaction due to less right ear reports when the IID was in favor of the left ear 

and less left ear reports when the IID was in favor of the right ear. Finally, there 

were significant group differences where overall, withdrawn smokers reported 

significantly fewer stimuli compared to non-smokers. 

 

ERP results 

 

The analysis of the EEG data revealed a significant effect of attention instruction. 

Focusing attention to one ear resulted in relatively more positive potentials in the 

ipsilateral hemisphere possibly suggesting generalized inhibition, while the 

contralateral hemisphere was relatively more negative. As predicted, in the NF 

condition, participants demonstrated reduced amplitudes in both hemispheres 

although these effects were larger in the right hemisphere. ERPs in the FL and 

FR conditions in the contralateral hemisphere were relatively more negative than 

the NF condition, consistent with a small CNV. Specifically, focusing attention 

to the right ear produced more negative responses at frontal electrodes that 

progressively became left lateralized and increased amplitudes in the right 

hemisphere. On the other hand, focusing attention to the left ear resulted in 

decreased amplitudes in the right hemisphere and increased amplitudes in the left 

hemisphere. 

Previous research (Rosahl & Knight, 1995) has demonstrated that the 

CNV consists of two components that can be distinguished when the interval 

between the warning and imperative stimuli is long (e.g., 3-4 sec). The early 

component of the CNV is found to peak in amplitude between 400 and 800 ms at 

frontal areas and it is thought to be sensitive to sensory processes related to the 

evaluation of information given by the warning stimulus (Rohrbaugh et al., 1986; 

Rosahl & Knight, 1995). The present findings suggest a similar pattern where 
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participants demonstrated an enhanced negative shift at frontal electrodes starting 

approximately at 300 ms after presentation of the attention instruction and lasted 

up to 600 ms. This early negative shift was observed both in the NF and forced 

attention instruction conditions, consistent with the view that it represents 

evaluation of the information contained in these stimuli. This negative shift was 

enhanced in the forced conditions, at contralateral hemispheres (e.g., focusing 

attention in the right ear produced larger negative shifts in the left hemisphere), 

compared to the NF condition. With regard to the late component of the CNV 

that is thought to reflect motor and cognitive preparatory processes related to the 

impending event, studies have shown that it has frontocentral predominance and 

its peak amplitude occurs at the time of presentation of the imperative stimulus. 

In the present study, presentation of the imperative stimulus followed the 

warning stimulus by 1.5 sec, thus the early and late CNV components overlap. 

However, it is suggested that the observed frontocentral negativity between 600 

and 1500 ms in the present data represents the early portion of the late CNV 

component. A number of studies have proposed that the amplitude of the late 

phase of the CNV increases when the demands for attention and motivation 

increase (Brunia & Boxtel, 2001; Hillyard et al., 1973). The present findings 

revealed that the amplitude of the late CNV component was more negative in the 

FL condition in the contralateral hemisphere, as compared to the FR condition, 

which based on previous findings would suggest that participants required more 

effort when they were instructed to focus their attention to the left ear. 

The results also revealed a significant group effect where non-smokers 

exhibited more positive ERP responses particularly in the left hemisphere 

compared to withdrawn smokers, whereas the amplitude of the early CNV 

component was enhanced in withdrawn smokers in the right hemisphere and the 

late component was reduced compared to the control group. These findings 

might account for the reduced number of reports in withdrawn smokers. Further 

inspection of the data revealed that withdrawn smokers exhibited larger CNV 

responses in the FR and FL conditions in the respective contralateral hemisphere 

and reduced amplitudes in these conditions in the ipsilateral hemisphere 

compared to non-smokers. Literature on the effects of nicotine on CNV has 

focused predominantly on nicotine intake, but these studies have yielded mixed 
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findings, indicating amplitude increments in some participants, amplitude 

decrements in others as well as biphasic activations (stimulant and depressant 

effects) or no effects (Ashton et al., 1980; Ashton, Millman, Telford, & 

Thompson, 1974; Gilbert et al., 2007; Knott & Venables, 1980). In Gilbert et al. 

(2007) the authors reported that nicotine increased the CNV, particularly in the 

left hemisphere and at posterior sites. Comparably, the present findings revealed 

reduced ERP amplitudes under withdrawal conditions especially in the left 

hemisphere. In comparison to these findings, little is known about the effects of 

nicotine withdrawal on CNV. One study (Valerio, 1984) reported that long-term 

nicotine withdrawal did not modify the CNV response. In Ashton et al. (1980), 

the authors reported that post-nicotine injections of saline caused a progressive 

fall in the magnitude of the CNV, although these findings demonstrate a short-

term effect. 

Overall, it appears that current research on nicotine intake and withdrawal 

on CNV presents a complex picture, characterized by contradictory findings. A 

possible explanation for these inconsistencies may reflect heterogeneity in 

participant characteristics tested among studies. For example, in Ashton et al. 

(1974) introverted and extroverted individuals exhibited different effects on the 

CNV following nicotine administration (i.e. indicated a stimulant effect in 

extroverted and a depressant effect in introverted smokers). However, in the 

present study due to the small sample size used, it was not possible to investigate 

whether performance at the group level was masking subgroups of either 

enhanced or reduced CNV activation. It is suggested that further research on the 

effects of nicotine on CNV should give consideration on individual differences in 

their samples. The investigation of homogeneous subgroups rather than a 

heterogeneous broader group would be more helpful to understand these effects 

(see also Abrahams & Geschwind, 2008). Finally another potential explanation 

for the inconsistencies observed in previous findings may be associated with 

differences among the experimental paradigms used. 

The present findings also revealed a significant attention and IID 

interaction at central, parietal and occipital electrodes in the left hemisphere. 

Specifically, the IID manipulation in the NF attention instruction condition 

resulted in bilateral amplitude increments that progressively became pronounced 
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in the left hemisphere and reduced amplitudes in the right hemisphere. In the FL 

condition, the IID manipulation produced more negative responses in the left 

hemisphere and at central and occipital areas, whereas more positive responses 

were observed at frontal areas. Finally, the IID effects in the FR condition were 

demonstrated as increased ERP amplitudes at central and right lateralized areas 

and more negative amplitudes at frontal areas. Taken together, these findings 

indicate that the IID manipulation in the NF and FL conditions resulted in the 

engagement of additional frontal resources for guiding behavior, compared to the 

FR condition. These findings also partly map the behavioral effects, namely 

reduced number of reports in the FL than in the FR condition when stimuli were 

of equal intensity. 

 

fMRI effects of top-down attention instruction 

 

Contrary to previous findings (Falkenberg et al., 2011; Westerhausen et al., 

2010), the analysis of the fMRI data in the present study did not reveal a main 

effect of attention instruction. However, a number of clusters were activated 

during the conditions with attentional control (FL and FR) and no effects were 

found in the NF condition. Specifically, the present findings revealed bilateral 

activations in the forced attention conditions in the MCC, which has been linked 

to processes of spatial orienting, action initiation and motor control and is 

functionally connected to sensorimotor and other cognitive control regions 

(Hoffstaedter et al., 2012; Wu, Weissman, Roberts, & Woldorff, 2007). Also, 

bilateral activations were found in the HG, which is situated within the lateral 

sulcus in the primary auditory cortex and is involved in the detection and 

processing of incoming auditory information (Warrier et al., 2009). Finally, 

bilateral activations were observed in the INS, which is situated in the lateral 

sulcus and has recently been suggested to play a role in goal-directed cognition, 

integrating distinct functional systems and sensorimotor and affect processing 

(Chang, Yarkoni, Khaw, & Sanfey, 2013). 

The findings also revealed further clusters of activation in the right 

hemisphere common to both forced attention instruction conditions including the 
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PCu, which is an area of the SPL linked to processes of directing attention in 

space, as well as to mental imagery (Cavanna, 2006), the Cu that is located in the 

occipital lobe and is involved in basic visual processing (Vanni, Tanskanen, 

Seppa, Uutela, & Hari, 2001), and the Hipp that is part of the limbic system and 

is involved in spatial navigation and in consolidating information from short-

term to long-term memory (Morris, 2006; Morris, Garrud, Rawlins, & O'Keefe, 

1982). Further activations were observed in the right hemisphere in the FL 

condition. These included the SMA that has been suggested to play a role in 

movement preparation and execution (Lee, Chang, & Roh, 1999), the CN that 

has been found to contribute in goal-directed action through activation of action 

schemas and selection of sub-goals (Grahn, Parkinson, & Owen, 2008) and the 

SFG that has been linked to higher order functions, particularly working 

memory, as for example in maintaining distinct stimulus-response mapping rules 

(Cutini et al., 2008). However, it has also been suggested that the left SFG 

contributes in task-switching (Cutini et al., 2008) and along with the PCu to 

processes of attention set shifting (Nagahama et al., 1999). Additional activations 

in the right hemisphere in the FR condition included the Th that is involved in 

receiving information from the senses, and processing and transmitting this 

information to primary sensory areas. The Th has also been proposed to play a 

crucial role in memory, executive function and attention (Van der Werf et al., 

2003). Finally, activations were found in the PostCG that is activated by 

movement and it is found to contribute to selective spatial attention (Waberski, 

Gobbele, Darvas, Schmitz, & Buchner, 2002). 

In the left hemisphere, common areas of activation in both forced 

attention instruction conditions included the MCC, HG, the PostCC that has been 

linked to verbal memory processes, attention and in integrating information 

(Delano-Wood et al., 2012), and the RO, an area that has been associated with 

speech production (Tonkonogy & Goodglass, 1981). Additional activations in 

the FL condition were found in the rIPL that has been suggested to play an 

important role in maintaining the control of attention on a goal task and in 

responding to salient new information from the environment (Singh-Curry & 

Husain, 2009), and in the left Hipp. Finally, additional activations in the FR 

condition were found in the lPCu and in the lSTG that has been implicated in 
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phonological processing for speech perception and production (Buchsbaum, 

Hickok, & Humphries, 2001). 

The ERP findings in the present study revealed enhanced CNV 

amplitudes in the forced attention instruction conditions and enhanced 

amplitudes in ipsilateral hemispheres. Previous combined EEG and fMRI 

findings have demonstrated BOLD activity during the period of CNV generation 

in the Th, somatomotor cortex, bilateral MCC, SMA and INS associated with 

decrease in peripheral sympathetic arousal (Nagai et al., 2004). Similarly, the 

present findings revealed activation in the bilateral MCC and INS and further 

lateralized activations in the Th and SMA, amongst other areas, suggesting CNV 

amplitude regulation via thalamocortical interactions. Also, the present findings 

are partly similar to those reported in Westerhausen et al. (2010). Specifically, 

the authors reported several parietal and occipital lobe clusters including the 

bilateral medial SPL, lateral SPL and left FG in the forced conditions. In 

Falkenberg et al. (2011) the authors reported additional areas of activation 

including the parietal lobe/Cu (comprising of areas such as the lingual cortex, 

CalcS, superior occipital lobe and PCu), rMFG, left inferior occipital lobe and 

the bilateral PreCG. Similarly, previous research (Corbetta & Shulman, 2002) 

suggests that directing attention in space involves areas in the occipital lobe and 

the dorsal posterior parietal cortex along the IPS, and the FEF. For example, 

Corbetta et al. (2000) examined BOLD responses during cue and target periods 

when participants were asked to voluntarily direct and maintain their attention to 

a target location following the presentation of a cue arrow. The authors found 

transient responses in the occipital cortex, possibly reflecting the encoding of the 

cue, and more sustained responses in the IPS, suggested to reflect the shift and 

maintenance of attention at the cued location. 

 

Group differences on top-down attention instruction 

 

The present findings revealed three clusters that showed significant group 

differences where non-smokers exhibited increased activation compared to 

withdrawn smokers, and seven clusters of activations in the reversed contrasts 
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(i.e. withdrawn smokers exhibited increased activation). The first cluster in non-

smokers included the rCereb 3, and the lingula cerebelli (1), lobules centralis (2) 

and culmen (3) areas of the vermal area of the Cereb. The main role of the Cereb 

is to coordinate somatic motor activities including motor learning based on 

experience and regulating muscle tone, but increasing findings suggest that it 

also plays a more general role on cognition and emotion (Schmahmann, 2005). 

The second cluster of activations was located in the left hemisphere (PCu, CalcS, 

LG, Vermis 3, 4, 5 (culmen, declive, folium), Cereb 4, 5, PostCC and Hipp). As 

discussed previously, the Hipp and the PostCC are part of the limbic system with 

the former being involved in spatial navigation and in consolidating information 

from short-term to long-term memory, whereas the latter is involved in attention 

processes and integrating information. The CalcS is located in the primary visual 

cortex (V1) and it consists of the central and peripheral visual fields. The LG 

plays an important role in vision (e.g., visual memory and encoding complex 

images), in modulating visual stimuli (particularly letters) but activity in this area 

has also been found in selective attention studies (Mangun, Buonocore, Girelli, 

& Jha, 1998). Finally, the third cluster of activations was found in the right 

hemisphere (Hipp, PCu, CalcS, LG, FG, IT and IOG). The FG has been 

suggested to play a role in reading (McCandliss, Cohen, & Dehaene, 2003) but it 

is also proposed that it contains multiple distinct category-selective 

representations of neurons (Nobre, Allison, & McCarthy, 1994; Peelen, 2004). 

The IOG along with the posterior FG and ITG, have been suggested to be 

involved in higher level integration of visual elements into perceptual wholes 

(Gerlach et al., 2002). 

 Reversed contrasts revealed seven clusters where withdrawn smokers 

exhibited increased activation or no activation compared to non-smokers who 

demonstrated increased deactivation. The first cluster was in the left hemisphere 

(MFG, SFG, PreCG and SMA) where withdrawn smokers showed no activation 

(or minimal activation) whereas non-smokers demonstrated increased 

deactivation. The MFG has been found to support sustained mnemonic responses 

during online storage of spatial information (Leung, Gore, & Goldman-Rakic, 

2002) whereas activity in the lMFG has been linked to different processes as for 

example the origin of the motor readiness field that is shown to fluctuate prior to 
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the onset of a movement (Pedersen et al., 1998), as well as mediating access to 

phonology and semantics (Liu et al., 2006). The lSFG has been suggested to be 

involved in higher-level WM processes triggered by executive demands while it 

remains oriented towards spatial cognition (Boisgueheneuc et al., 2006). 

Therefore, the increased activation observed in withdrawn smokers in these areas 

could reflect decrements in maintaining instructions for the upcoming stimulus 

and increased preparation and cognitive effort compared to non-smokers. 

Similarly, the second cluster located in the right hemisphere at occipital and 

temporal areas (SOG, Cu, CalcS) was characterized by no activation in the 

withdrawn group and increased deactivation in non-smokers. The third cluster 

was located in the bilateral CN, PU and PD and in the rTh where withdrawn 

smokers showed increased activation compared to non-smokers. The CN is 

found to be involved in the selection of appropriate sub-goals based on previous 

outcomes whereas the PU is involved in processes of learning, stimulus-response 

and habit (Grahn et al., 2008). The PD is found to play a role in the regulation of 

movement and can have an inhibitory action in the cerebellum, balancing out 

excitatory actions. The fourth cluster showed a similar pattern of activity and was 

located bilaterally in the MCC and PostCC and in the lPCu. The fifth cluster was 

located bilaterally in the paracentral lobule (PARC), lPreCG and lSMA. Finally, 

two clusters were found in the right hemisphere (SFG, MFG, PreCG, IFG-tri, 

IFGo) and bilateral SMA and in the right Post- and Pre- CG, SMG, IPL and 

MCC. 

Previous findings have shown that nicotine administration in withdrawn 

smokers reduces activation at frontal, temporal, thalamic and visual regions and 

enhances deactivation in DMN regions (i.e. MedTL, MedPFC, PostCC, ventral 

PCu and medial, lateral and inferior PC) (Hahn et al., 2009). Compromised 

functional efficiency has also been found in selective attention tasks where, 

relative to rest, BOLD signal decrements in the FEF and PreCs follow nicotine 

abstinence and these effects are reversed after nicotine intake (Xu et al., 2007). 

In the present study, as compared to non-smokers, withdrawn smokers exhibited 

increased activation at frontal, temporal, thalamic and visual regions but also 

increased activation at some areas previously found to be part of the DMN. 

Taken together these findings may be explained by decreased functional 
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efficiency and upregulation of task-independent DMN functions due to nicotine 

withdrawal. Also, the increased deactivation observed in non-smokers in areas of 

the previously identified ventral frontal cortex (VFC; including the IFG and 

MFG) and TPJ (including the IPL and STG) that comprise the right lateralized 

SDN, and in the dorsal frontoparietal network including the rIPL and areas of the 

FEF (PreCG, MFG and SFG) is consistent with earlier findings (Corbetta & 

Shulman, 2002). Specifically, deactivation of SDN areas has been observed 

during generation or maintenance of an attentional set (e.g., following the 

presentation of cues that contain information about anticipated stimuli). On the 

other hand, activation observed in these areas in withdrawn smokers (or impaired 

ability to suppress activity in these areas) may reflect increased shifts of attention 

in this group. Previous research has shown that increased activity in these areas 

facilitates reorientation of attention to spatially unexpected targets but also 

activation can be effected by low-frequency stimuli at attended locations 

(Corbetta & Shulman, 2002). On the other hand, GDN activation has been found 

during preparatory processes of top-down stimulus selection and shows sustained 

activation when an attentional set is maintained online for several seconds. It is 

therefore argued that nicotine withdrawal in smokers imposed additional 

demands compared to non-smokers when required to sustain in memory the 

information contained in the attention instruction. 

 

Interaction of top-down attention instruction and bottom-up IID manipulation 

 

Contrary to previous findings, the present findings did not reveal a significant 

interaction of attention instruction and IID. However, the reversed contrast 

revealed two clusters where the IID manipulation in the NF condition resulted in 

larger activations compared to the other two conditions (IID NF > IID FL > IID 

FR). The first cluster of activations was located in the left hemisphere (IFG-tri, 

IFGo, preCG, INS, RO, PU and PostCG). The second cluster was in the right 

hemisphere (ACC, MCC, SFG and MFG). As previously discussed, these areas 

are part of the dorsal and ventral frontoparietal networks that have been 

previously shown to co-activate during tasks that require increased cognitive 

control and orienting attention to salient events (Corbetta & Shulman, 2002; 



 

 

225 

Falkenberg et al., 2011; Shomstein, 2006; Westerhausen et al., 2010). It has been 

previously suggested that the rMFG may act as a link for the dorsal and ventral 

networks, as studies have shown spontaneous activity in this area to correlate 

with both networks (Fox, Corbetta, Snyder, Vincent, & Raichle, 2006). 

When increasing the demands for top-down control of attention then 

activity in corresponding areas increases. For example Westerhausen et al. 

(2010) reported that under NF attention instruction, activation in corresponding 

areas increased in the 0 dB IID condition. In this condition participants have to 

select one of the dichotic syllables, but unlike the other conditions the instruction 

and the IID do not provide any information that could be used to discriminate 

between the two stimuli. When the bottom-up bias favored the same stimulus 

then participants demonstrated increased deactivation (i.e. reduced conflict). The 

authors also reported deactivation (relative to the NF condition and to baseline) 

when participants were required to attend the louder stimulus (in -8 and +18 dB 

IID) and strongest activation when the attention instruction and intensity 

advantage favored different stimuli (Westerhausen et al., 2010). The pattern of 

activations in the present study showed increased activity as a result of the IID 

manipulation in the NF condition and some deactivation in the FL condition, 

whereas in the FR condition the IID manipulation resulted in enhanced 

deactivations in these areas. A possible explanation for these effects is that given 

the in-built REA, the least demanding situation in this task is considered to be the 

FR attention instruction condition (particularly when the IID favors the right ear 

stimulus). These findings are also consistent with the ERP findings discussed 

earlier, namely that the IID manipulation in the NF and FL conditions resulted in 

the engagement of additional frontal resources for guiding behavior, compared to 

the FR condition. 

 

Group differences on the bottom-up IID manipulation 

 

The findings of the present study also revealed significant group differences on 

the IID manipulation in two clusters. Specifically, in both clusters non-smokers 

exhibited increased activation compared to withdrawn smokers. The first cluster 



 

 

226 

was located in the right hemisphere (IPL, AG, SMG, SOG and MOcG). The 

second cluster was located in the left hemisphere (SPL, IPL, SOG, MOcG and 

PostCG). Based on previous research discussed above, some of these areas are 

part of the dorsal and ventral frontoparietal networks that mediate top-down and 

bottom-up processes. Studies of patients with lesions in the IPL have reported, 

amongst other impairments, confusion of right-to-left and topographic memory 

loss. Additionally, the MOcG, particularly the rMOcG has been found to show a 

preference for spatial processing of auditory stimuli and its activity correlates 

with accuracy of individual sound localization performance (Renier et al., 2010). 

Furthermore, the SMG has been implicated in phonological and articulatory 

processing of words whereas the AG, along with the PostCG, is involved in 

semantic processing. Hence, reduced activation of these areas in withdrawn 

smokers may indicate impairments in directing their attention to the appropriate 

stimulus and in phonological processing of words. These findings are also 

consistent with the reduced behavioral performance found in this group (i.e. 

reduced number of correct reports compared to non-smokers). 

 

Group differences in the interaction of attention and sound intensity 

 

The results also revealed a small cluster of a significant three-way interaction of 

group, attention instruction and IID. This was located in the left hemisphere (AG, 

MOcG, IPL and SMG). Specifically, the IID manipulation in the NF attention 

instruction condition resulted in enhanced activation in withdrawn smokers 

compared to non-smokers. The IID manipulation in the FL condition was not 

significantly different between groups but in the FR condition, withdrawn 

smokers exhibited reduced activation in these areas compared to non-smokers. 

As discussed earlier, it is suggested that the least demanding condition in this 

task is under FR instruction (given the in-built REA), particularly when the IID 

favors the right ear stimulus, whereas the NF condition is considered to be more 

demanding, particularly when dichotic stimuli have the same intensity, as neither 

the instruction nor the sound intensity information can be used to discriminate 

between the two stimuli. The effects were observed in areas involved in spatial 

and phonological processing of auditory information and attentional modulation. 
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Hence, it is suggested that the increased demands imposed by the IID 

manipulation in the NF condition required withdrawn smokers to engage 

additional resources for the maintenance of attention and processing of the 

spatial and phonological information. Specifically, participants in this condition 

did not receive an instruction that, as in the forced attention instruction 

conditions, would enable them to prime the respective hemisphere in anticipation 

of the forthcoming stimuli. Therefore, subsequent spatial and intensity judgments 

of syllables would possibly require additional memory and attention resources 

during withdrawal. On the other hand, the IID manipulation under FR instruction 

conditions resulted in enhanced activations in the contralateral hemisphere in 

non-smokers and reduced activation in withdrawn smokers. Westerhausen et al. 

(2010) reported increased activity under FR instruction particularly when the IID 

favored the left ear stimulus. It is therefore suggested that when the level of 

difficulty imposed by the IID manipulation in this condition increased, additional 

resources in the left hemisphere were engaged. However, nicotine withdrawal 

seemed to reduce activation in these areas possibly reflecting decrements in 

processing efficiency of the right ear stimuli in the most demanding condition. 

 

Conclusions 

 

The present findings demonstrated evidence of an interaction of attention and 

cognitive control networks in conditions of increased conflict. It was further 

reported that withdrawal from nicotine additionally modulated activation in these 

areas. However, the present findings failed to fully replicate previous findings by 

Westerhausen et al. (2010) and Falkenberg et al. (2011) using the same 

paradigm. These effects may partly relate to the smaller number of participants 

used in the present study that might reduce sensitivity. A further methodological 

shortcoming of the present study is the lack of any task performance measure 

prior to abstinence, which would reliably determine the effect of smoking 

withdrawal on performance. However, the direction of the present findings 

clearly demonstrates a pattern of altered performance in withdrawn smokers, 

compared to controls, that warrants further investigation in future studies. 
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Finally, the present findings point out to the possibility of some links between 

EEG and fMRI activity that will be further investigated in the future.  
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CHAPTER 6: GENERAL DISCUSSION 

 

The present thesis was an attempt to better understand the mechanisms of 

attention orienting in healthy young adults using behavioral, EEG and fMRI 

measures. A further aim was to explore the effects of altering nicotine levels in 

smokers on attention orienting and cognitive control. A great number of studies 

and numerous accounts of individuals who suffer from disorders that affect 

attention (e.g., schizophrenia, ADHD, Alzheimer’s disease) as well as of healthy 

individuals (non-smokers and smokers) suggest that nicotine produces enhancing 

effects on cognitive function that are often experienced as increased 

concentration and/or reduced distractibility (Baschnagel & Hawk, 2008; Evans & 

Drobes, 2008; Kumari et al., 2003; Kumari & Postma, 2005). The experiments 

presented in chapters 3 and 4 aimed to investigate the behavioral and ERP 

correlates of distractibility and attention orienting in healthy adult non-smokers 

as compared to smokers in a withdrawn state and after nicotine intake using 

nicotine microtabs or smoking a cigarette. To explore these effects, participants 

were required to make number parity decisions while presented with two types of 

distractors, either preceding or simultaneously presented with the goal task. In a 

following experiment (chapter 5), the effects of nicotine withdrawal on attention 

and cognitive control networks were assessed in a group of heavy smokers and 

compared to non-smokers, using a dichotic listening task where the bottom-up 

stimulus salience was manipulated by introducing an IID between the stimuli. 

 Overall, in experiments 1 and 2, performance improved with practice as 

indicated by improvements in response sensitivity, accuracy, variability and 

latencies, as well as with a reduction in ERP amplitudes suggesting increased 

engagement with the task and reduced distractibility. Smokers were slower and 

produced more variable responses, and appeared to use more attentional 

resources compared to non-smokers. Also, in contrast to non-smokers, 

withdrawn smokers did not fully suppress preparation for motor responses in the 

No-Go condition. Nicotine intake normalized the observed withdrawal symptoms 

but failed to produce enhancing effects on these measures. However, consistent 

with the hypotheses, nicotine intake via cigarettes produced larger improvements 

on performance. Nicotine intake was also associated with more negative ERP 
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deflections suggesting enhancement in processing of numbers. Similarly, these 

effects were larger after nicotine intake using cigarettes compared to microtabs. 

The findings of experiment 1 further suggested that high levels of nicotine 

dependence might affect recovery from withdrawal in a different way than it 

does in less dependent smokers, as indicated by a large reduction in the P2 signal 

that reflects increased attention. 

 With regard to the distraction manipulation used in experiments 1 and 2, 

the paradigm used was successful in producing decrements in performance in 

both groups. Consistent with previous research (Escera et al., 1998; Parmentier et 

al., 2008), preceding distractors impaired performance on the task due to 

allocation of attention to the distractor and switching back to the target. 

Following distraction, processing of numbers was impaired as indicated by 

reduced response sensitivity and slower latencies and these effects were larger 

compared to those observed in response to simultaneous distractors. These 

effects were supported by more positive ERP responses suggesting reduced 

engagement and processing of numbers and increased preparation for motor 

responses. Contrary to the hypotheses, response accuracy and variability were 

not affected by this type of distractors. Nicotine withdrawal slowed response 

latencies in both smoker groups compared to non-smokers. Nicotine intake 

normalized response latencies but the improvements were larger following 

nicotine administration via cigarettes. 

On the other hand, no lag between the target and distractor stimuli (i.e., 

simultaneous onset) produced smaller performance decrements (Shomstein et al., 

2010). It is argued that although the stimuli used were unique environmental 

sounds, they were not of sufficient behavioral relevance to cause significant 

decrements in performance. This type of distractors did not lead to orientation of 

attention, as evaluated by the absence of a P3a deflection, but reduced processing 

of target stimuli and prolonged stimulus evaluation time. These effects were 

supported by impairments in response sensitivity and accuracy but not latencies 

and variability. However, the effect of this type of distractors on response 

latencies was larger in both smoker groups compared to non-smokers. Also, 

enhancement of the P3b deflection in this condition might reflect processes of 

contextual updating that has been associated with increased activity in the TPJ 
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(Geng and Vossel, 2013). These unique complex stimuli were less probable 

targets that would require adjustment of top-down expectations. Improvement in 

processing of numbers overtime was supported by more negative ERP 

deflections suggesting that participants became better with practice. Furthermore, 

response latencies improved in both smoker groups after nicotine intake 

suggesting normalization of performance and alleviation of the withdrawal 

symptoms. 

 Overall, the findings from the present investigations suggest that nicotine 

withdrawal is associated with impaired orienting, increased distractibility and 

increased cognitive effort when performing a cognitively demanding task, and 

that nicotine intake partly normalizes these effects. These effects are consistent 

with previous research suggesting that nicotine withdrawal produces 

impairments in cognition associated with disruption in attention and memory 

processes (Wesnes, Edgar, Kezic, Salih, & de Boer, 2013). Also, similar to 

previous findings (Schultz et al., 1997), smoking a cigarette, as compared to 

consuming a nicotine tablet, produces larger improvements in performance. As 

previously discussed, the route of administration of the drug affects the dose, 

kinetics, metabolism and DA signaling. Smoking a cigarette allows the user to 

control the dose of nicotine intake required to achieve the desired effects, 

whereas nicotine intake via tablets delivers less nicotine due to a proportion of 

the drug being dissolved in the stomach (West et al., 1984). Furthermore, 

subjective reactions of the present group of participants to nicotine intake via 

microtabs indicated an unpleasant experience (e.g., unpleasant taste) and 

inadequacy of this method to reproduce the effects experienced by cigarette 

smoking. Also, the observed decline in performance associated with preceding 

distractors is consistent with previous findings (Parmentier et al., 2008; Schroger 

& Wolff, 1998; Tsiora et al., 2013), and demonstrate that orienting and 

reorienting responses occur in the interval between the distractor and goal 

stimulus. On the other hand, the smaller costs of simultaneous distractors on RTs 

but the larger impairments in response sensitivity and accuracy, along with the 

observed ERP effects in this condition suggest that this type of distractors 

initiated processes of memory updating but not orienting. Thus, response 
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latencies were not significantly affected in this case but judgments of number 

parity were compromised.. 

 The findings of the third investigation suggested that increased conflict 

experienced during dichotic listening had an effect on performance and this 

effect was additionally modulated by nicotine withdrawal. Similar to previous 

findings (Falkenberg et al., 2011; Westerhausen et al., 2009; 2010) the findings 

of this investigation demonstrated enhanced performance in the attended and 

reduced performance in the unattended ear. These effects were complemented by 

enhanced ERP amplitudes in the ipsilateral hemisphere and enhanced CNV 

amplitudes in the contralateral hemisphere. Furthermore, it was possible to 

distinguish between the early and late CNV components (Rohrbaugh et al., 1986; 

Rosahl & Knight, 1995), despite the fact that they overlapped due to the small 

interval between the warning and imperative stimuli. Although the present 

findings did not reveal significant effects of attention instruction on BOLD 

activation, several areas were involved when forcing attention to either side in 

the auditory space. Specifically, consistent with previous research (Corbetta et 

al., 2008; Corbetta & Shulman, 2002; Falkenberg et al., 2011; Westerhausen et 

al., 2010) parts of a common network located at occipital and dorsal posterior 

parietal areas were activated, that have been suggested to play an important role 

in stimulus encoding and directing and maintaining attention in space. 

Furthermore, thalamocortical areas previously found at the period of CNV 

generation (Nagai et al., 2004), were also active in the present task. These 

activations included areas implicated in goal-directed cognition such as visual 

processing, memory, spatial navigation and orienting. However, areas involved 

in detection of incoming auditory information as well as speech production were 

also active suggesting priming of these areas for subsequent action. When 

forcing attention to the left ear additionally activated areas implicated in 

movement preparation and execution, maintenance of goal-directed attention and 

action, including memory, and areas involved in attention set shifting. On the 

other hand, in the FR condition, additional areas involved in memory, executive 

function and attention, including selective spatial attention and phonological 

processing, were activated. Overall, the findings suggest that participants 
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required additional effort when focusing attention to the left ear, which would be 

expected due to an in-built REA. 

 The present findings further demonstrated that the ear advantage was 

additionally modulated by bottom-up manipulation of the sound intensity. 

However, in the present study, participants exhibited increased control over the 

bottom-up sound intensity manipulation that resulted in better performance. The 

ERP analysis showed bilateral activations as a result of the IID manipulation in 

the NF condition, that became enhanced in the left hemisphere, whereas 

responses under FL instruction became more negative at central and occipital 

areas in the left hemisphere and increased frontal activity. On the other hand, 

under FR instruction responses increased at central and right lateralized areas and 

became more negative at frontal areas. Thus, the IID manipulation resulted in 

engaging additional frontal resources for guiding behavior compared to the FR 

condition. Contrary to the hypotheses, the fMRI results only revealed several 

areas where the IID manipulation increased activity in the NF condition 

compared to the forced attention conditions (increased deactivation was observed 

under FR instruction). These areas are part of the dorsal and ventral 

frontoparietal networks that have been found to activate during conditions of 

increased conflict (Corbetta & Shulman, 2002). Taken together, these findings 

suggest that participants in the most demanding conditions (i.e., NF and FL 

instruction) required additional resources for controlling behavior, due to the 

increasing demands imposed by the stimulus saliency manipulation. Conversely, 

in the least demanding condition (i.e., FR instruction) participants exhibited 

increased deactivation of these areas. 

 Similar to experiments 1 and 2, nicotine withdrawal also impaired 

dichotic listening performance (i.e., withdrawn smokers reported less correct 

syllables compared to non-smokers). The ERP findings demonstrated that 

withdrawn smokers produced more negative ERP responses to the attention 

instruction, particularly in the left hemisphere, enhanced eCNV and decreased 

lCNV amplitudes in the right hemisphere compared to non-smokers. The fMRI 

analysis, revealed clusters of reduced activation in withdrawn smokers compared 

to non-smokers. These were located at occipital, temporal and limbic areas that 

are found to be activated across a number of tasks and have been associated with 
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attention and memory processes. Also, a number of clusters showed increased 

BOLD activation in withdrawn smokers compared to non-smokers, located at 

frontal, temporal, thalamic and visual regions, as well as areas that have been 

previously identified as comprising the DMN (Hahn et al., 2009). The findings 

were interpreted as nicotine-induced decrements of functional efficiency and 

upregulation of task-independent DMN functions. Furthermore, withdrawn 

smokers showed increased activation in SDN areas possibly suggesting increased 

shifts of attention and disruption of working memory processes related to 

retaining the information contained in the attention instruction. 

 Consistent with Westerhausen et al. (2010) the present study did not 

reveal a significant main effect of IID manipulation on brain activity. However, 

there were group differences associated with decreased activity in areas of the 

dorsal and ventral frontoparietal networks in withdrawn smokers as a result of 

the bottom-up sound intensity manipulation. Based on these findings it was 

suggested that nicotine withdrawal impaired attentional orienting to, and 

processing of, the target syllables. The significant interaction of group, attention 

instruction and IID further indicated areas in the left hemisphere where 

withdrawn smokers produced enhanced activation in the NF condition and 

reduced activation under FR instruction compared to non-smokers. These 

included areas involved in spatial and phonological processing of auditory 

information as well as in areas associated with attentional modulation. Concisely, 

the findings suggest that when the demands for control of attention increase, 

withdrawn smokers are required to engage more processing resources than non-

smokers to complete the task. On the other hand, in less demanding conditions, 

withdrawn smokers seem to be less efficient in processing information than non-

smokers. 

 

Limitations 

 

The experiments presented in chapters 3 and 4 were follow up investigations of 

earlier unpublished work by Potter and Schloerscheidt who investigated 

distractibility in schizophrenia patients. Therefore the design employed in these 
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studies was retained to allow comparison of the findings. Consistent with 

previous work, the results revealed a number of interesting effects with regard to 

the distractor manipulations and additional effects as a result of the nicotine 

manipulation. However, as discussed earlier, some of these effects were 

hampered by a number of limitations. Specifically, it was reasoned that the lack 

of strong distractor effects, particularly in the simultaneous distractor condition, 

might be due to reduced stimulus saliency. Although the distractors used were 

unique environmental sounds, it is suggested that they were not behaviorally 

relevant enough to cause significant decrements in performance. 

A further limitation of the design was related to the short ISIs used. The 

interval between the two stimuli in each trial (300 ms) was not long enough to 

completely separate the ERP components associated with presentation of S1 and 

S2. For example, in the preceding distractor condition, presentation of a 

distractor (S1) was associated with the P3a response that occurs between 270 and 

350 ms. Therefore, the early ERP components associated with presentation of the 

subsequent number stimulus (S2) at 300 ms (e.g., P50) overlapped with the P3a 

response to S1. Thus, a longer ISI (e.g., 400 ms) is required to separate these 

components. Despite this, the magnitude and duration of these components was 

considerably distinct to allow analysis of the data for the purpose of these 

investigations. 

Another limitation of experiments 1 and 2 was the lack of biochemical 

verification of nicotine abstinence. Also, normal hearing was not assessed. 

Additionally, biochemical indices of absorption were not assessed and nicotine 

dose was not adjusted for body weight. Given that nicotine absorption using 

Nicorette Microtabs or smoke-inhaled nicotine is variable, blood nicotine levels 

would have provided a reliable measure. Finally, no task performance measure 

prior to abstinence was used, which would reliably determine the effect of 

smoking withdrawal on performance. The use of a double blind, randomized 

experimental design may have been a better alternative. 

Some of the aforementioned limitations were addressed in experiment 3 

(chapter 5). Specifically, as suggested in experiments 1 and 2, the distractors 

used were not salient enough to produce disruption of attention processes in the 
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simultaneous condition. Therefore, in order to assess attention and cognitive 

control processes, a DL paradigm (Westerhausen et al., 2009; 2010) was used 

that has been previously shown to produce replicable results (Falkenberg et al., 

2011). Furthermore, nicotine abstinence was confirmed via expired breath CO 

measurements and participants underwent audiometric screening for normal 

hearing. However, similar to the previous investigations, no measure of task 

performance prior to nicotine abstinence was used, limiting the explanatory 

power of the results. A further limitation of the design used relates to the 

measurement of the CNV ERP component occurring after presentation of the 

warning stimulus (attention instruction) and preceding the presentation of the 

imperative stimulus. As discussed earlier, research has shown that the CNV 

consists of an early and a late component that can be separated by using 

relatively long ISIs (e.g., 3-4 s). Therefore, the use of a short ISI (1 s) in the 

present investigation resulted in overlapping early and late CNV components. 

Another important limitation of this investigation was related to the EEG 

artifacts produced by the scanner. As discussed, following volume acquisition, a 

“ringing” artifact distorted the EEG signal. Although this problem was addressed 

by adding a resting period between image acquisition and stimulus presentation, 

residual activity affected a significant portion of the early signal associated with 

presentation of S1. Preprocessing of the data considerably reduced this effect but 

not entirely. Nevertheless, analysis of the data was not seriously affected. 

Finally, combined analysis of the EEG and fMRI data was not attempted due to 

time restrictions but it is planned in the future. 

 

Future directions 

 

The present thesis revealed a number of interesting findings that warrant further 

investigation. First, the outcome of experiments 1 and 2 indicated several ways 

to improve the design. Considering the direction of the effects, these 

improvements could strengthen the design, which could be used to assess 

attention processes and distractibility. Furthermore, unpublished technical 

development work undertaken in the scanner using simultaneous EEG recordings 
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and a modified version of this distractor paradigm (Potter et al., n.d.), provided 

compelling evidence for the effectiveness of this procedure. 

The combination of EEG and fMRI methods provides important 

information about the timing and causal interactions between areas. Therefore, a 

future goal with respect to the acquired data from the third investigation is to use 

the EEG signal to predict fMRI activation. With regard to the effects of nicotine 

on ERPs during cognitive performance, current research is characterized by 

contradictory findings. As suggested in the literature, a potential explanation for 

the inconsistencies observed in previous findings may be associated with 

heterogeneity of participant characteristics (e.g., personality traits). Therefore, 

future studies should give consideration to individual differences in their samples 

when exploring these effects. 
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Figure A 1. Mean ERPs at Fz, Cz and Pz electrode sites for non-smokers and smokers in phase 1 (purple line) and phase 2 (blue line) for each 

condition (control, distractor, simultaneous, preceding).
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Figure A 2. Mean ERPs at Cz, Fz, Pz in the different experimental conditions for non-smokers (blue line) and smokers (orange line), in phase 1 

(left) and phase 2 (right).
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Figure A 3. Mean ERPs for non-smokers (left) and smokers (right) at each electrode in each condition (control, distractor, simultaneous, 

preceding) in phase 1 and phase 2.
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Figure A 4. Mean ERPs for non-smokers (left) and smokers (right) at the electrode showing the strongest effect in each condition (control, 

distractor, simultaneous, preceding) in phase 1 and phase 2. 
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Figure B 1. Mean ERPs at Cz, Fz and Pz for heavy smokers in phase 1 (purple line) and phase 2 (blue line) for each condition (control, 

distractor, simultaneous, preceding).

    Phase 1 
    Phase 2 

Fz Pz Cz 

C
o
n
tr

o
l 

A
m

p
lit

u
d
e
 (
μ

V
) 

Time (ms) 

D
is

tr
a
c
to

r 
S

im
u
lt
a
n

e
o
u
s
 

P
re

c
e
d

in
g

 

Phase Comparison for Heavy Smokers 



 

 

260 

  

Figure B 2. Mean ERPs for heavy smokers at the electrode showing the strongest 

effect in each condition, in phase 1 and phase 2.
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Figure B 3. Mean ERPs for heavy smokers at each electrode in each condition 

(control, distractor, simultaneous, preceding) in phase 1 and phase 2.
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Appendix C 
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Figure C 1. Mean ERPs at Cz, Fz and Pz for the cigarette group, in phase 1 (purple line) and phase 2 (blue line) for each condition (control, 

distractor, simultaneous, preceding). 
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Figure C 2. Mean ERPs at Cz, Fz and Pz in the different experimental conditions for non-smokers (blue line), microtab (orange line) and 

cigarette (brown line) groups in phase 1 (left) and phase 2 (right).
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Figure C 3. Mean ERP for the cigarette group at each electrode in each condition 

(control, distractor, simultaneous, preceding) in phase 1 and phase 2.
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Figure C 4. Mean ERP for the cigarette group at the electrode showing the 

strongest effect in each condition in phase 1 and phase 2. 
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