
The Effect of Impulsivity and Emotion on Brain 
Electrophysiology  

by 

Killian Kleffner-Canucci 
 

B.A. Honors, University of Oregon, 2010 

Thesis Submitted In Partial Fulfillment of the 

Requirements for the Degree of  

Master of Arts 

in the  

Department of Psychology 

Faculty of Arts and Social Sciences 

©  Killian Kleffner-Canucci 2013 

SIMON FRASER UNIVERSITY  

Summer 2013 

 





 

iii 

Partial Copyright Licence 
 

  

 



Ethics Statement 
 

 

The author, whose name appears on the title page of this work, has obtained, for the 
research described in this work, either: 

a. human research ethics approval from the Simon Fraser University Office of 
Research Ethics, 

or 

b. advance approval of the animal care protocol from the University Animal Care 
Committee of Simon Fraser University; 

or has conducted the research  

c. as a co-investigator, collaborator or research assistant in a research project 
approved in advance,  

or 

d. as a member of a course approved in advance for minimal risk human research, 
by the Office of Research Ethics. 

A copy of the approval letter has been filed at the Theses Office of the University Library 
at the time of submission of this thesis or project.  

The original application for approval and letter of approval are filed with the relevant 
offices. Inquiries may be directed to those authorities.  

Simon Fraser University Library 
Burnaby, British Columbia, Canada 

update Spring 2010 



 

iv 

Abstract 

Research in emotion has found a modulation in ERP components for affective stimuli 

(positive and negative valence). In verbal Go/No-Go paradigms this effect has not been 

reliable for trails requiring response inhibition (No-Go). This is possibly due to the 

salience of the chosen words. Using words chosen with specific criteria, the current 

study found a strong emotional modulation for Go and No-Go trials. Time-frequency 

analysis was performed resulting in an effect of the theta frequency only. The findings 

support the idea that inclusion of emotionally salient information is associated with 

reallocation of neural resources.  In addition, the results of this study suggest that neural 

resources are recruited for the processing of valence information, regardless of task 

demands.  

Keywords:  time-frequency decomposition; go/no-go,N2; P3; EAP 
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1. Introduction 

The ability to suppress a strong desire in order to perform a more relevant 

behavior is essential for success in a complex society. Alternatively, it is equally 

essential to be able to engage in a behavior that would otherwise be avoided. 

Psychological research has approached these necessities in psychometric as well as 

electrophysiological domains. In the laboratory, a desired behavior is often established 

using task demands (a desire to perform well) and habitual responding (a desire to 

continue an established response pattern). These dynamics have been investigated 

through the implementation of experimental paradigms requiring inhibition and/or conflict 

monitoring.  The Go/No-Go family of paradigms has been particularly well investigated.  

While originally the Go/No-Go paradigm was thought to index inhibitory processing 

(Eimer, 1993) more recent evidence suggests the Go/No-Go pattern of responses 

reflects conflict monitoring (Nieuwenhuis, Yeung, van den Wildenberg & Ridderinkhof, 

2003; Donkers & van Boxtell 2004).  

1.1. Conflict Monitoring: Go/No-Go 

A system adapted for producing an optimal combination of appropriate 

behavioral engagement versus disengagement would be efficacious at information 

processing through the minimization of crosstalk. In the context of cognitive regulation 

this would be competition between preparing and withholding a response. When two or 

more “response representations” are active, a potential conflict in the system is created 

(i.e. Go and No-Go response representations). Conflict is largest when one 

representation is stronger than the other. For example, there may be a differentiation 

between Go and No-Go trials when they are equally probable, but the modulation is 

more pronounced when there is a large difference in the weight of the response 

representations (e.g., a No-Go representation occurring with a 20% frequency; 

Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003; Eimer, 1993).  
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Convergent evidence from imaging and electrophysiological studies supports the 

conflict monitoring and response selection hypothesis.  Overwhelming evidence largely 

points to the cingulate cortex as the hub of the conflict monitoring system (Watanabe, et 

al., 2002; Chiu, Holmes & Pizzagalli, 2008; Casey et. al 1997; Bush, Luu & Posner, 

2000; Landmann et al., 2007).  Subdivisions of the cingulate are involved in 

sensorimotor, cognitive, and emotional processing. The posterior section of the cingulate 

cortex is involved with evaluative processing, whereas the anterior section is involved 

with dynamic functioning, including executive control.  The anterior cingulate cortex 

(ACC) can further be subdivided into two distinct sections even at a cytoarchitectural 

level (Bush, Luu & Posner, 2000). The dorsal portion of the ACC is activated during 

cognitive processing (Bush, Luu & Posner, 2000).  

The ACC is the implicated source for a number to event-related potential (ERP) 

components related to conflict monitoring. Research suggests these early ERP 

components reflect executive systems triggered by the task and represent a conflict 

monitoring system, or a deviation in response representations (Gehring, Goss, Coles, & 

Meyer, 1993; Donkers & van Boxtel, 2004). In particular, for the Go -No-Go paradigm, 

the canonical ERP is the Go /No-Go N2. Dense-array EEG recordings and advanced 

source analysis techniques have localized these components to the ACC (Chiu, Holmes 

& Pizzagalli, 2008; Landmann, et al., 2007). The N2 is a negative going peak in the ERP 

waveform at anterior scalp locations, peaking between approximately 200-400ms after 

the onset of a stimulus (Folstein & Van Petten, 2008). Consistently, the N2 for the No-Go 

stimulus is larger due to the suppression of a prepotent response. Larger N2 amplitude 

is correlated with a lower rate of false alarms (Folstein & Van Petten, 2008).  However, 

this is only true when the Go stimuli occur at a higher frequency than the No-Go stimuli. 

When the probabilities are even, or when No-Go is more frequent, the relationship 

inverts and the N2 is enhanced during Go trials (Donkers and Boxtell, 2004). The N2 is 

followed by a positive wave peaking between 300 and 600 ms over fronto-central scalp 

locations. This is parsimonious with the hypothesis that the N2 represents a conflict in 

response representations. If the strongest mental response representation is to not 

engage in action, the conflict that arises within the monitoring system when the response 

is to engage is equal to the conflict of the reverse situation (Go more frequent).   
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The fronto-central topography is unique to the No-Go P3, as the P3 in response 

to Go trials has a more parietal topography (Kiefer, Marzinzik, Weisbrod, Sherg & 

Spitzer, 1998).  This topographical distinction leads to the interpretation that the No-Go 

P3 and the novelty P3a are the same ERP component. Both the No-Go P3 and the P3a 

decrease in amplitude as task difficulty increases, most likely due to a reallocation of 

neural resources (Polich, 2007).  

This system is most suitably illustrated in terms of information processing. An 

effective information processing system manages simultaneous streams of information 

efficiently. It follows that if there is a small amount of crosstalk, the executive system will 

require less activation than a situation with a large amount of crosstalk. Minimal effort 

might occur when the task is to respond to a certain shape (e.g. blue square) and to 

ignore all other shapes (e.g. blue circle).  Before a stimulus is presented, goal-oriented 

response representations will be competitively working at both generating a response 

and withholding a response (i.e. crosstalk). If the infrequent blue circle is the stimulus, 

then the conflict monitoring system must recruit more resources to suppress the 

dominant response representation. In doing so, the cross talk has been managed, 

resulting in the correct suppression of the dominant response representation and 

activation of the infrequent representation. Indeed, this is exactly pattern of activation the 

ACC demonstrates during conflict monitoring. The ACC is more active during trials 

where crosstalk is managed and inhibition of the prepotent response was successful 

(Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003). The information 

processing interpretation also accounts for the finding that when the goal 

representations are equal in frequency, there is no difference in neural activation (i.e. as 

indexed by N2 amplitude; Donkers and Boxtell, 2004).  

1.2. Processing of Affective Information 

In addition to crosstalk management, the suppression of extraneous irrelevant 

information is essential for correct response selection. In the event that stimuli are 

complex enough that they differ on at least two (possibly orthogonal) dimensions, the 

amount of information each stimulus conveys will generate more interference between 

systems. For example, if the task is to respond to ovals and ignore circles, this results in 



 

4 

the task-related dimension of two response representations. If the stimuli were 

presented with emotionally salient images in the background, this would result in the 

activation of resources to process the task un-related emotion information. While the 

actual task-to-perform is the same (respond to ovals, ignore circles), the addition of the 

task-irrelevant but emotionally-relevant information not only creates more crosstalk 

within the conflict monitoring system, but may also create trans-system interference. 

Trans-system interference has important implications because information processing 

does not have infinite resources. When an affective dimension is incorporated into task 

demands, neural resources are recruited from executive cognitive systems (i.e. the 

conflict monitoring system) to process the affective information (Whalen, et al., 1998). 

The extent to which, and how expeditious, the task-irrelevant dimension can be 

suppressed directly effects the likelihood of achieving a correct response.  

To demonstrate complex information processing on a neural level, emotional 

differentiation of ERP components will now be discussed. Affective characteristics of the 

stimulus, such as valence or arousal generally modulate the amplitude of ERP 

components without modifying the latency of the component (Olofsson, Nordin, Sequeira 

& Polich, 2008). If the stimuli used are affective pictures, there is a modulation in the 

amplitude of the ERP components in the time range of the Go/No-Go P3 and N2. The 

first emotional-specific ERP component identified is the early posterior negativity (EPN), 

which is often reflected along with an early anterior positivity (EAP; Taake, Jaspers-

Fayer, & Liotti, 2009).  These ERPs are identified as modulations of the ERP to 

emotional stimuli as opposed to neutral stimuli and they occur quite early at 150 ms 

post-stimulus onset, peaking around 250ms post-stimulus onset (Schupp, Flaisch, 

Stockburger & Junghofer, 2006). This early component is followed by a late positive 

potential (LPP). The LPP (late P3), also enhanced by affective stimuli, occurs over 

centro-parietal regions between 400-600ms post-stimulus (Schupp, Flaisch, Stockburger 

& Junghofer, 2006). The LPP can also be sustained for a much longer time interval 

(upwards of 1000ms) depending on the length of the inter-trial interval and length of 

stimulus presentation  (Olofsson, Nordin, Sequeira & Polich, 2008).  
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1.3. Conflict Monitoring of Affective Information 

When a Go/No-Go task involves emotional stimuli there is generally a slowing of 

response, high commission of errors and lower perceptual sensitivity (Schulz et al., 

2007). Generally, for Go/No-Go task types, there is an increase in amplitude in the EAP 

time window, decrease in N2 amplitude, and an increase in amplitude in the late P3 

(LPP) latency (Hinojosa, Mendez-Bertolo & Ponzo, 2010; Chiu, Holmes & Pizzagalli, 

2008). These ERP modulations are explained as resulting from preferential processing 

of emotion stimuli. Evolutionarily speaking, it is reasonable to imagine that emotionally 

relevant processing would have a privilege preference over other processing, as 

emotionally salient cues are important for survival (Pourtois, Schettino, & Vuillermier, 

2012).  

On a deeper brain level than ERPs, while the dorsal ACC is a hub of cognitive 

processing, the ventral ACC is implicated in affective processing.  Furthermore, the 

ventral division is connected to other limbic areas such as the amygdala and insula, as 

well as higher order brain regions such as the orbito-frontal cortex (Bush, Luu, Posner, 

2000). It could be that when information is presented with both cognitive and affective 

dimensions (as in the above example), dorsal and ventral areas of the ACC are 

activated. Speculatively, it may be the case that suppression of the ventral portion of the 

ACC, when affective information is irrelevant to the current task requires diverting neural 

resources from cognitive processing. Hence overall activation of the ACC would be 

greater, but it would be comprised of dynamic trans-regional suppression and activation.  

1.4. Oscillatory Activity  

Additionally there is also considerable evidence of recursive communication 

between the neocortex, including ACC, and other limbic systems. When discussing 

communication between brain regions we are moving away from ERP components down 

to the level of the oscillatory frequencies that create the ERPs. Specific stimulus events 

reset theta phase and coherence across the neocortex. In fact, phasic resetting of 

continuous EEG is the primary generator of ERP components (Makeig et al., 2002). For 

instance, correct responding to “Go ” trails has been associated with increased theta (4-
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7Hz) and decreased alpha (8-12Hz) power (Moore, Gale, Morris & Forrester, 2006).  

Thus frequency synchronization and desyncronization may explain successful versus 

failed response selection, as well as correct approach (hit) versus incorrect approach 

(miss) responses. The theta rhythm is the oscillatory frequency the limbic and conflict 

monitoring systems communicates through (Moore, Gale, Morris & Forrester, 2006). 

Communication between neural systems may be the foundation to resolution of 

response representation conflicts.   

Regardless of whether the information is being processed through the ACC or 

more globally within the limbic system (likely a combination of both), the activation will be 

electrophysiologically produced mainly through the theta rhythm. In fact, a three-way 

relationship between goal conflict, theta power, and personality traits has been 

suggested (Moore, Mills, Marshman, Corr, 2012). During monitoring tasks, theta 

coherence across regions (as well as an increase in theta power globally) is linked to 

conflict resolution and response execution in particular. Furthermore, theta and delta 

frequency power from resting EEG recordings is correlated to behavioral approach 

characteristics while alpha and beta frequencies are related to behavioral inhibition 

characteristics (Moore, Mills, Marshman, Corr, 2012).  

Variation in neural oscillations and their relationships with personality traits may 

also explain group differences in ERP components (e.g. reduced ERN in ADHD children 

due to an overall reduction in baseline theta power). In particular, children diagnosed 

with ADHD have a reduced N2 (decrease theta power) compared to children who are 

not diagnosed with ADHD (Wiersema, Meere & Roeyers, 2005).  What is unclear in the 

current research is how differences in temperament and personality affect these ERP 

components in non-clinical individuals. 

1.5. Brain Electrophysiology and Temperament 

Self-regulation mechanisms are of key interest in regards to information 

processing and conflict monitoring. Theoretically, high self-regulators will have more 

efficient information processing than low self-regulators.  High self-regulators do this by 

controlling their reactivity (responses to the environment; Rueda & Rothbart, 2005). One 
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major form of self-regulation is effortful control, which is a measure of the ability to both 

engage in tasks you would rather avoid (subdominant response) and to inhibit tasks you 

want to perform (dominant response).  It is important to note that these dominant and 

subdominant tasks are not synonymous with dominant and subdominant response 

representations. Instead, they refer to habits and preferences unique to each individual.  

Individuals high in effortful control are also high in affective areas such as 

empathy and guilt/shame, as well as the development of a conscience, possibly because 

people high in effortful control have the resources available to link affect, action, and 

morality (Rueda & Rothbart, 2005). The connections between these individual traits have 

clinical implications. For instance, children with ADHD or other impulsivity problems are 

low in effortful control (Waldeck, & Miller, 1997). Children with ADHD also have 

problems in controlling their actions, feelings, and sometimes experience social 

ostracism.  

1.6. Present Study 

The current study uses EEG methods to delineate the dynamics between 

emotional and attentional information processing. Currently, a plethora of 

electrophysiological studies have investigated inhibitory/conflict-monitoring processes 

using the Go/No-Go paradigm. During Go/No-Go tasks with words as stimuli, a 

modulation is usually found only for Go stimuli (Chiu, Holmes & Pizzagalli, 2008). 

Similarly, emotion research has found that the modulation for affective stimuli is stronger 

for overt tasks than covert (Olofsson, Nordin, Sequeira & Polich 2008). Admittedly, overt 

and covert is not the same distinction as Go and No-Go trials, however, they are similar 

enough that evidence between the two paradigms should be convergent. Therefore, it is 

surprising not to find a modulation by valence for No-Go trials. One possibility is that the 

words chosen as stimuli were not salient enough between valence categories, creating 

little conflict between the attentional information stream and the emotional information 

stream (Chiu, Holmes & Pizzagalli, 2008).  Moreover, while there are studies identifying 

the relationship between ERPs/oscillations and personality traits, they are few and use a 

limited set of psychometric tests.   
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There are three main hypotheses. First, we already know that emotional stimuli 

produce significant differences in the EAP and LPP time windows. It is also know that 

No-Go stimuli result in larger amplitudes in the N2 and P3 time windows. The question 

remains whether combining the emotion Go/No-Go will result in additive or interactive 

effects. For instance, if conflicting affective category (No-Go) may create greater 

differences in cognitive control, i.e. a larger Go/No-Go difference.  

The second hypothesis of interest is how the underlying oscillatory distributions 

may explain the ERP modulations. Specifically, whether the theta and delta frequencies 

will explain the N2 and P3 differences uniquely. In other words, will a difference in N2 

amplitude correspond to an increase in theta power while an increase in P3 amplitude 

occurs with an increase in delta power? Alternatively, both ERP differences may be 

comprised of a combination of delta/theta. Oscillatory differences are also expected to 

vary between Go and No-Go trials types.  

The third hypothesis is that variance in the ERP components will be explained by 

measurements of personality traits. This hypothesis goes beyond correlations between 

variables as we are expecting that N2 amplitude will actually be predicated by the 

personality variables. The explanatory power of the variables for N2 amplitude may differ 

between Go and No-Go trials types such that the N2 on No-Go trials will be 

characterized better than for Go trials. This is due to No-Go N2 requiring more controlled 

effortful control and inhibition than prepotent Go trials.   
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2. Method 

2.1. Participants 

Participants were 40 students from Simon Fraser University (23 Female; Age = 

19.29 (1.9)). Participants received course credit in exchange for participation. This 

research was conducted with ethical approval from the Simon Fraser REB.  Six 

participants were excluded from analyses due to excessive artifacts.  

2.2. Paradigm 

The Go/No-Go paradigm used for the current study was adapted from the 

Go/No-Go developed by Chiu, Holmes and Pizzagalli (2008). The task used affective 

words as both go and no-go stimuli. Words were selected from the Affective Norms for 

Emotional Words list (ANEW; Bradley and Lang, 1999) based on affective valence 

(positive, negative, neutral) and arousal ratings (high for both negative and positive 

stimuli, low for neutral stimuli).  Additionally, negative and positive words were also 

chosen with the criteria that they had a social/academic connotation (e.g. negative 

words: victim, jealous, alone; positive words: reward, terrific, perfect).   This criteria was 

established so that they words would be particularly relevant for university students 

without creating a sledgehammer effect between valence categories.  

For a given block participants were instructed to respond to a target valence and 

to ignore words of any other valence. Each block consisted of 100 words, half taken from 

one valence the other half from another. Thus there were six block types: positive 

Go/negative No-Go, positive Go/neutral No-Go, negative Go/positive No-Go, negative 

Go/neutral No-Go, neutral Go/positive No-Go, and neutral Go/negative No-Go. Words 

were presented individually for 280 ms in random order. The offset of the stimulus was 
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followed by a jittered inter-stimulus interval (ISI), ranging from 1000 to 1200 ms. 

Participants were asked to respond with their right and left index finger simultaneously.  

2.3. Psychometrics 

The amount of variation in the amplitudes of the ERPs explainable by aspects of 

temperament and personality was assessed using validated questionnaires: the Adult-

Temperament Questionnaire (ATQ; Rothbart, Ahadi & Evans, 2000), and the Behavioral 

Inhibition/Behavioral Activation Scale (BIS/BAS; Carver &White, 1994).  

2.3.1. Adult Temperament Questionnaire 

From the ATQ, the main focus for this study was the Effortful Control 

subcomponent (ATQ-EC). The ATQ-EC is a 19-item self-report measure. The ATQ-EC 

is comprised of 3 subscales: attentional control, inhibitory control, and activation control. 

Attentional control measures the ability to focus as well as shift attention when desired, 

inhibitory control measures the ability to stop from engaging in inappropriate behavior, 

and activation control measures the ability to perform an action otherwise avoided. While 

there isn't official reliability and validity data available for this questionnaire, several 

studies have reported Cronbach's α to be above 0.7 (Evans & Rothbart, 2007; Skowron 

& Dendy, 2004). The ATQ uses a 7-point scoring scale, with 1 rating an item very 

untrue, 4 rating an item neither true nor false, and 7 rating the item as very true. The 

mean value is 3.56 with a standard deviation of .95 (Evans & Rothbart, 2007).  

2.3.2. Behavioural Inhibition/ Behavioural Activation Scale 

 The BIS/BAS was formed based off of Gray’s biopsychological theory of 

personality (Gray, 1981). This theory suggests two motivational systems underlie 

behavior, one is a behavioral approach system in which the goal is to move towards 

something desired (reward), the other is a behavioral inhibition system in which the goal 

is to avoid something unpleasant (punishment). The BIS/BAS is comprised of 24 self 

report items, seven of which go into the BIS portion, and thirteen go into the BAS 

portion, which is further divided into 3 subscales: drive, fun seeking, and reward 
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responsiveness. Just as above, while the author’s do not provide official reliability and 

validity scores, researchers have generally found the BIS/BAS to have good reliability 

(Cronbach’s α ~0.8; Caseras, Avila & Torrubia, 2002). The BIS/BAS uses a 4-point scale 

with 1 used to rate an item very true and 4 used to rate the item very false. Most items 

on the BIS/BAS are reverse scored with possible total scores to range from 4 to 28.  

Demographics/Medical Questionnaire: Participants were also given a 

questionnaire asking about age, gender, ethnicity, familial handedness, past head 

trauma or loss of consciousness, amount of sleep the participant had the night before 

and on average, history of mental health, and history of prescription drugs.  Some of 

these variables are used as possible exclusion criteria for analyses (for example, an 

answer in the affirmative that the participant is currently on anti-depressants may cause 

their EEG to be withdrawn from analysis).  

2.4. EEG Recording  

Scalp potentials were recorded using a 64-channel Ag/AgCl Biosemi electrode 

cap at the standard 10-10 sites: FP1 FPz, FP2, AF3, AF4, AFz, AF7, AF8, F7, F5, F3, 

F1, Fz, F2, F4, F6, F8, FT7, FC5, FC3, FC1, FCz, FC2, FC4, FC6, FT8, T7, C5, C3, C1, 

Cz, C2, C4, C6, T8, TP7, CP5, CP3, CP1, CPz, CP2, CP4, CP6, TP8, P9, P7, P5, P3, 

P1, Pz, P2, P4, P6, P8, P10, PO7, PO3, POz, PO4, PO8, O1, Oz, O2, Iz. Six additional 

electrodes external to the cap were placed on each mastoid, the external canthi of each 

eye, and below the pupil of each eye. Both the scalp and external electrodes were active 

sintered Ag/AgCl electrodes. Data was sampled at 512 samples per second and filtered 

online with a 5th order sinc response with a -3 dB point at 1/5th of the sampling rate. 

Additional filtering was performed offline.  

2.5. EEG Data Reduction 

2.5.1. ERP.  

The EEG was re-referenced to the mastoids. Single subject averages were time-

locked to the onset of the stimulus, with an epoch ranging from -500ms-1500ms. 
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Separate average ERPs were processed for each condition (i.e. stimulus valence and 

Go/No-Go categorization), producing six averaged ERPs per subject. A visual inspection 

of each single-subject average detected the presence of the N2 and P3.  

Ocular artifacts were automatically detected and rejected using Field Trip’s Z 

transform method (Oostenveld, Fries, Maris & Schoffelen, 2011).  First a Hilbert 

envelope was used to determine the per electrode amplitude over time. Then the mean 

and standard deviation over all samples was calculated for each electrode; each 

resulting time-point was then z-normalized. These values were then averaged over 

electrodes of interest (i.e. electrodes surrounding the eyes). A threshold of rejection was 

then visually determined for each participant.  If a participant had greater than 30% bad 

trials he/she were excluded from the grand average. After ocular artifact rejection via the 

surgical technique the averaged ERPs were filtered with a 30 Hz lowpass filter, (zero 

phase, slope=12dB/octave). Baseline correction was performed 500ms to 50ms pre-

stimulus onset.   

The following regions of interest  (ROI) were used for statistical analyses: fronto-

polar (FP1 FPz, FP2), fronto-central (FC1, FCz, FC2), parietal (CP1, Pz, CP2) and 

occipital (PO3, POz, PO4). The mean amplitude of the ERP was averaged over each 

ROI for statistical analyses for the following post-stimulus onset time regions of interest 

(TOI): 180 to 220 ms (EAP), 350 to 450 ms (N2), and 550 to 600 ms (P3).  

2.5.2. Joint Time – Frequency decomposition 

 Preprocessing of the EEG for the joint time/frequency (JTF) decompositions was 

identical to the preprocessing for the ERPs. The EEG was deconvolved using a 

multitaper method with Hanning tapers and a .8 Hz smoothing box (results in a plus or 

minus .8 Hz resolution), and a sliding window length of 50ms. The entire length of the 

time window was used for deconvolution, with a frequency range of 1 to 80 Hz.  

Frequencies of interest (FOI) were defined as the following: delta (1 to 4 Hz), theta (4 to 

7.5 Hz), alpha (7.5 to 14 Hz) and beta (14 to 30) Hz. FOI for statistical analyses 

consisted of delta and theta bandwidths, based on ERP topography for each TOI and 

previous literature.  
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3. Results  

3.1. Psychometrics 

The mean of ATQ-EC total score was 80.11 (sd=8.86, min=63, max=93). The 

mean of BIS total score was 16.14 (sd= 3.34, min=9, max=23). The mean of BAS-Drive 

was 6.88 (sd= 2.27, min= 3, max= 11). The mean of BAS-Fun-Seeking was 8.5 (sd= 

2.36, min= 8, max= 12). The mean of BAS-Reward Responsiveness was 12.26 (sd= 

1.97, min= 3, max= 15). The mean of PANAS-PA was 41.7 (sd= 12.27, min= 21, max= 

67). The mean of PANAS-NA was 21.66 (sd= 6.7, min= 17, max= 47).  

3.2. Behavioral Effects 

No differences were found in reaction time by valence category for Go trials (F(2, 

33)= .48, p > .05). A significant difference was found for accuracy on No-Go trials by 

valence category (F(2,33) = 5.59, p< .01) such that the accuracy during No-Go trials for 

positive words was lower than neutral words (t(1, 33) = -2.35, p<.05) or negative words 

(t(1, 33) = -2.68, p<.01). There were no differences found in accuracy for Go trials (F(2, 

33) = .50, p > .05).  

3.3. ERP Effects 

A repeated measures ANOVA was performed for each ROI and TOI. Valence 

(Positive, Negative, and Neutral), and Task (Go, No-Go) were defined as factors (see 

Figure 1 for ERPs, and Appendices A-C for descriptive statistics by TOI and ROI). A 

family-wise error correction threshold was set to .05. Post-hoc pairwise comparisons 

were performed with Bonferroni correction. 
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3.3.1.  EAP. 

 For the early EAP time range, a main effect of Valence was found (F(1, 32) = 

6.70, p< .05) at the fronto-central ROI (note, all tests fail to meet family-wise error 

correction standards).No other ROIs or interactions were significant (Fs<2.41,  p>.16; 

Appendix D).  

3.3.2.  N2.  

The N2 TOI resulted in a significant main effect of Task across all ROIs (Fs > 

13.14, ps < .00; Appendix E).  There was a main effect of Valence for at fronto-polar 

(F(2,31) = 13.14, p< .001), and  fronto-central (F(2,31) = 27.07, p< .001) ROIs. There 

was no significant interaction of Task and Valence (Fs<3.5, ps > .06).  

The N2 for Positive stimuli was significantly less negative than for Neutral stimuli 

across fronto-polar (t(1,33) = 2.57, p< .001) and fronto-central (t(1,33) = 3.62, p< .01) 

regions. Similarly, the N2 for Negative stimuli was significantly less negative than for 

Neutral stimuli across fronto-polar (t(1,33) = 2.63, p< .05) and fronto-central (t(1,33) = 

4.23, p< .001) regions. There was no difference in N2 amplitude between Positive and 

Negative stimuli (t(1,33) = -.06, p=1 and t(1,33) = -.61, p= .1, respectively). 

3.3.3.  P3.  

P3 analyses showed a significant main effect of Task at the fronto-polar (F(1,32) 

= 19.58, p< .001), parietal (F(1,32) = 18.71, p< .001) and occipital (F(1,32) = 46.00, p< 

.001) ROIs. There was a significant main effect of Valence at the fronto-polar (F(2,31) = 

11.18,  p< .001) and parietal (F(2,31) = 6.7, p< .01) ROI. There was no significant 

interaction between Valence and Task (Fs<0.2, ps >.8; Appendix F).   

Positive stimuli produced significantly larger P3 amplitude compared to Neutral 

stimuli at the fronto-polar (t(1,33) = 3.44, p< .001) ROI. P3 amplitude for Negative stimuli 

was significantly more positive compared to Neutral stimuli at fronto-polar (t(1,33) = 4.24, 

p< .001), and fronto-central (t(1,33) = 3.48, p< .02)  regions. At the parietal ROI there 

was the same trend, though it was not significant (ts > 2.00, ps <.03).   
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3.3.4. Summary ERP Results 

An effect of Valence was present at all ROIs. The effect was particularly strong 

from the fronto-central to the more posterior ROIs. The absence of interactions suggests 

that the effect of emotion is additive, implying emotional information is processed 

separately. Critically, characteristic distinctions between Valence categories were made 

for both Go and No-Go Tasks. The effects were strong for both factors and widespread 

across the scalp, with the Valence differentiation peaking at the N2 latency in fronto-

parietal scalp locations.  

3.4. JTF Effects 

Repeated measures ANOVAs were performed to test for main effects and 

interactions with Valence (Positive, Negative, and Neutral) and Task (Go, No-Go) as 

factors. A test was performed for each ROI, TOI, and the delta and theta frequency. 

Family-wise error was corrected at .05 and post- hoc analyses followed Bonferroni 

correction.  

3.4.1. JTF- EAP.  

The EAP TOI showed no main effect for Valence or Task across ROIs for delta 

or theta (Fs<2.73, ps> .15). There was a non-significant trend for an interaction (Fs<3.9, 

ps > .03; Appendix J for statistical summary table, Appendix G for descriptive statistics).  

3.4.2.  JTF- N2.  

The N2 TOI resulted in significant main effects for Valence and Task, for theta 

but not delta (Appendix H for descriptive statistics, Appendix K for statistic summary 

table). At the fronto-central region there was a significant effect of Task (F(1,32) = 7.12, 

p< .01) but not Valence F(1,31) = 4.32, p< .05). The parietal ROI showed a main effect 

for Valence (F(1,31) = 7.39, p< .01) but not Task (F(1,32) = .11 p> .05). Pairwise 

comparisons failed to reach a significant difference (ts< 2.26, ps > .05.). There were no 

significant interactions in the N2 TOI (Fs< 2.37, ps> .1).   
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3.4.3. JTF -P3.  

There were no significant main effects or interactions for delta or theta (Fs < 6.5 

ps>.02; see Appendix I and Appendix L).  

3.4.4. Summary JTF Results 

While the ERPs show global effect across ROIs and TOIs, once the EEG has 

been isolated into its constituent parts, the only significant effect is found for theta at 

fronto-central and parietal areas. Crucially, the effects were found only for theta, not for 

delta. This has important implications for the interpretation of corresponding N2 

amplitude decrease and P3 amplitude increase (more in discussion).  

3.5. Linear Modeling of the N2 

A hierarchical linear model was performed to explain the amplitude of the N2 

ERP component, by Valence category with the psychometric data. This resulted in the 

following the following two models: 

1. N2_Go ~ ATQ-EC + BIS + BAS_Drive + BAS_Reward Responsiveness  +  

BAS Fun Seeking + Error 

2. N2_No-Go ~ ATQ-EC + BIS + BAS_Drive + BAS_Reward Responsiveness  + 

BAS Fun Seeking + Error 

This resulted in an interesting differentiation between Go and No-Go trials types. 

Model 1 explained a significant amount of the variance for the Go N2 (F(7, 22) = 2.6, p< 

.05, R-squared=.17), with a significant effect of ATQ-EC (t(1,33)=2.15, p<.05). 

Conversely, Model 2 does not explain a significant amount of the variance in No-Go N2 

amplitude (F(7, 22) = 1.38, p>.10, R-squared=.05). Considering that one model failed 

and the other is just under the significance threshold linear modeling was not repeated 

for Valence category. Appropriateness of models for unique ERP components will be 

discussed.  
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4. Discussion 

The current study intended to characterize the modulation of ERP components 

when affective words are used as both goal (Go) stimuli and conflict (No-Go) stimuli. 

Analyses were performed at both an ERP and oscillatory level. Furthermore, there was 

an attempt to explain N2 amplitude using psychometrics. 

4.1. ERP differentiation of Go and No-Go trials 

Results firmly support the first hypothesis that the N2 and P3 would be 

modulated by valence. There was also a modulation of the early EAP component by 

emotion, though only for Go trials. Critically, the current study found emotional effects for 

both Go and No-Go trials using words as stimuli, which adds to the current literature that 

has only found effects for Go trials (Chiu, Holmes, Pizzagalli, 2008). There was also a 

main effect of task across all ROIs. From these results we can draw two conclusions. 

First, neural resources are being recruited for the processing of valence information 

regardless of whether the stimulus is attended or ignored. Despite the instruction to 

ignore positive or negative words, the ERP evidence clearly indicates differential 

processing for the emotional salient words. Second, the addition of emotional 

information increases the need for cognitive control. This is demonstrated by valence 

modulation for Go and No-Go trials. The increase in N2 amplitude for Neutral-Go trails 

compared to Positive-Go and Negative-Go trials may reflect an increased amount of 

effort to suppress the conflicting emotional No-Go stimuli. Tahe mean N2 amplitude for 

Neutral-No-Go stimuli is also more negative than for Positive-No-Go and Negative-No-

Go. When the Go- response is emotionally relevant and task relevant stimuli it may be 

more difficult a sudden emotionally and conflicting No-Go stimulus. 

The behavioral data did not demonstrate an increased need for cognitive control 

due to the emotional stimuli. This is not wholly different from previous literature (Kousta, 



 

18 

Vinson & Vigilocco, 2009). Fast reaction times and high levels of accuracy for all valence 

categories could be due to a low level of task difficulty. If the task was easy then 

emotional information may have been attended to before conflict monitoring processes 

were engaged. Taking the behavioral and ERP data together, the ERP modulation to 

emotion may represent efficient processing of emotion to meet task demands. An 

increase in saliency may result in an over-activation of the emotional processing system 

that usurps resources from conflict monitoring processes.  

4.2. Merging JTF decomposition with ERP effects 

Results for the second hypothesis converge with the ERP findings. Oscillatory 

analyses centralize the main effects of valence and task to be within the theta frequency 

during the N2 time window at fronto-central and parietal regions. The implication for ERP 

findings is that modulations at distinct latencies may be caused by an increase in power 

of one neural frequency. Specifically, effects were found for theta frequency, not delta, 

while both N2 and P3 differences were found in the ERPs. This implies that theta, more 

so than delta, has a sustained increase in activation into the P3/LPP TOI, particularly for 

No-Go trials (Figure 2). Due to the timing and shape of the waveform, the P3 is generally 

interpreted as being delta-driven (Bernat, Nelson, Steele, Gehring & Patrick, 2011). The 

JTF decompositions here suggest that while the P3 is largely comprised of delta, 

sustained increases in theta power may be responsible for P3 differences. 

4.3. Prediction of ERP amplitude from psychometrics 

Support for the third hypothesis that variance in N2 Go and No-Go amplitude 

would be explained by the chosen psychometrics was mixed. The predictor variables 

explained N2 variance, but for Go rather then No-Go trials. This is unexpected as the 

prediction would have been for self-regulation to have more of an impact on No-Go. This 

could be explained by the equal probability of Go and No-Go trials. We assume that Go 

will be the more prepotent response representation, but it is possible that for this task 

No-Go became the default representation. The low level of difficulty of the task may 

have enabled participants to assume a non-response until enough evidence was 
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gathered (valence processed) to denote a target word. This would be compatible with 

the significant model for Go trials as it would require more effortful control to 

simultaneously withhold a response while processing emotional information, until a 

target is registered.  

There are several limitations to the linear modeling results. While a sample size 

of 35 is considered a sufficient number for most statistical analyses, it may not provide 

enough power for a linear model with five predictors. The assumption that individual 

differences will explain unique ERP components might be inappropriate as the results of 

the current study are contrary to that assumption. Lastly, while two variables share a 

relationship, that relationship is neither predictive nor deterministic (Cohen, Cohen, West 

& Aiken, 2003). 

The distinction between an associative relationship and a predictive one is 

important. The main difference is that when the relationship is deterministic, as is the 

case with a significant predictor, then change in one variable will produce change in the 

other. The relationship must be deterministic for clinical inventions to be successful. For 

example, biofeedback techniques have been used as a clinical intervention in children 

with ADHD (Kroptov et al., 2005). Using this technique, clinicians have successfully 

increased theta power and task performance in responders. Though there is a 

relationship between ADHD symptomology and the theta rhythm (Kobor, Takacs, 

Honbolygo, & Csepe, 2012), it does not automatically follow that a change in theta 

power will result in a change in ADHD symptoms. The intervention can change brain 

electrophysiology and task performance, without that change being generalized to global 

ADHD symptomology. If the relationship between ADHD and theta is non-deterministic, 

then it is possible that one will change while the other remains constant. 

4.4. Theoretical interpretations 

The current study did not run a source analysis but predictions can be made 

about active brain regions based on previous literature. However, any inference made 

about active brain areas is qualified. An important question that remains is whether 

emotion salience (the main effect of emotion) and Go/No-Go differences at N2 and P3 
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are interactive or additive.  Here the effects appear to be additive, suggesting they may 

not be originating from the same neural sources. The main effect of emotion resembles 

the EAP/EPN described in emotion literature (Taake, Jaspers-Fayer & Liotti, 

2009; Schupp, Flaisch, Stockburger & Junghofer, 2006), which may be a distinct 

process from the conflict monitoring system indexed by the NoGo-N2. The neural activity 

as a whole may originate from the cingulate cortex for all trials due to the conflict 

monitoring demands of the task (dorsal ACC). The addition of valence information then 

simultaneously activates the ventral ACC (Bush, Luu & Posner, 2000). The summation 

of activity from both cingulate regions drives the ERP amplitude to be more positive for 

affective stimuli. 

Additive effects of emotion do not completely rule out an interaction between 

emotion effects and task type. There is the possibility that the design of the current study 

is not sensitive enough to induce a significant interaction between task type and valence 

category. Meaning, the difference in neural activation to suppress a response to No-Go 

stimulus may not be markedly different than the neural activation to correctly respond to 

a Go stimulus (Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 

2003). Indeed, the high level of accuracy across valence categories for Go and No-Go 

stimuli supports this interpretation. A within-subject manipulation of No-Go frequency as 

well as valence category would be important to further test a possible interaction.  

Oscillatory effects for Go and not No-Go stimuli seems surprising, but is actually 

in line with emotional literature and previous Go/No-Go findings. Both overt and covert 

presentation of emotional stimuli will elicit an ERP differentiation, however, modulation 

for overt stimuli is usually greater than covert (Olofsson, Nordin, Sequeira & Polich 

2008). Although Go and No-Go task rules are not wholly synonymous with overt and 

cover stimuli presentation, they are somewhat similar. Future analyses should deal with 

oscillatory activity induced by task demand similarly to an ERP difference wave. A 

subtraction would isolate the activity induced by valence category. 
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4.5. Limitations 

There were several limitations in this study. The first is that the trade-off of 

frequency versus time resolution for the JTF composition was largely weighted towards 

frequency resolution. This was demanded by the a priori hypothesis that the N2 and P3 

differences would be due to underlying changes in theta and delta, respectively. Since 

delta and theta have a close boundary, a decrease in the frequency resolution would 

have smeared the frequency cutoffs to be overlapping. The trade-off was a sacrifice in 

the time resolution. It is possible that a 50 ms time-smoothing window is too broad to 

correspond to the effects found in the ERPs. Future studies should consider reducing 

the frequency-smoothing window to achieve better time resolution, with the concession 

that “delta” or “theta” modulations will actually be a combination of the two frequencies 

and their overlapping portion. Additionally, though the JTF decomposition will explain a 

dimension of the ERP, it may not be appropriate to select the same TOIs (or ROIs) 

between the two analyses. If the difference between conditions is caused by phase 

changes in certain frequencies, a shift will result in the effect in the JTF domain that will 

not necessarily be visible in the ERP domain. 

The words chosen for the stimuli were from a normative database with arousal 

and valence scores (Bradley and Lang, 1999). For this reason, valence and arousal 

ratings for the words were not obtained from the current participants. This being the 

case, the categorization of valence and arousal may not be accurate on an individual 

level. Obtaining scores from each individual and re-weighting the analyses with those 

scores may change the resulting ERP and JTF results. The ERPs resulting from the 

current procedure do not seem to need such a re-weighting, as there was a globally 

strong effect of valence. Despite this, it may be that only the most arousing words in 

each valence category are strong enough to induce a competition of neural resources 

between attention and emotional processing. 

4.6. Future directions 

Future directions should be aimed at carefully testing the effects of valence by 

response competition by manipulating the Go: No-Go trial ratio. Doing so would assess 
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the effect of a reallocation of neural resource for emotional processing when the conflict 

monitoring system is strained. Additionally, such a study may reflect a reversal in the 

strength of the valence modulation such that the effect is stronger for No-Go rather than 

Go stimuli if No-Go is prepotent. Thus, while the stimuli are being ‘ignored’, the 

prepotency of the task demands will offset the common pattern of a smaller effect for 

covert stimuli. 

For future research it would also be useful to standardize the time and frequency 

resolutions appropriate for a given analysis. These cut-offs would likely change by 

frequency of interest and component of interest. For example, if the frequency of interest 

were beta, then the resolution of the frequency would not need to be high. Alternatively, 

if the effect of interest were sustained across a wide time range, then a high resolution in 

the time domain would be excessive.  Additional analyses in the time-frequency domain 

would be useful, particularly changes in phase by valence, global coherency, phase 

locking, and JTF decomposition subtraction.  
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5. Figures 

Figure 1 ERPs  

 
Figure 1. ERPs for Go (left) and No-Go trials (right), per valence category. ERPs are plotting 

positive up, y-axis is scales -8 to 8 µV, x-axis scales 200ms before stimulus onset and 
1200 ms after stimulus onset for each scalp ROI. The blue box indicates the EAP TOI, 
black N2 TOI, and red P3 TOI. The bottom of the figure shows the ERPs at the mastoid 
and VEOG electrodes.  
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Figure 2  JTF Go Stimuli 

 
Figure 2. JTF decomposition for Go trails per negative (left), neutral (middle), and positive 

valence (left). ROIs are indicated by the layout in the bottom right-hand corner. The Y 
axis is frequency (1 to 30 Hz) and the x-axis is time (-200 to 1200 ms). The color-bar 
indicates the change in power relative to baseline.  
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Figure 3  JTF No-Go Stimuli 

 
Figure 3 JTF decomposition for No-Go trails per negative (left), neutral (middle), and positive 

valence (left). ROIs are indicated by the layout in the bottom right-hand corner. The Y 
axis is frequency (1 to 30 Hz) and the x-axis is time (-200 to 1200 ms). The color-bar 
indicates the change in power relative to baseline.  
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