
VU Research Portal

What's new? The interaction between novelty and cognition

Schomaker, J.

2015

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Schomaker, J. (2015). What's new? The interaction between novelty and cognition. [PhD-Thesis - Research and
graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/76c32952-6762-491f-9794-4afa3e335c88


 

1 

 

 

 

 

Novelty detection is enhanced when 

attention is otherwise engaged:  

An event-related potential study 

 

 

 

 

This chapter has been published as Schomaker, J., & Meeter, M. (2014b). Novelty 

detection is enhanced when attention is otherwise engaged: An event-related 

potential study. Experimental Brain Research, 232(3), 995-1011. 

Abstract 



CHAPTER 6 

Novel stimuli are detected and evaluated quickly, suggesting that processing them is a priority for 

the brain. In the present study the effects of attention on this early visual novelty processing were 

investigated in two experiments using the event-related potential (ERP) technique. In the first 

experiment, participants performed two tasks that varied in the amount of attention available for 

novel stimuli. In the Visual Oddball task participants responded to an infrequent target presented 

among standard and novel stimuli. In the Working Memory task, participants saw the same 

stimuli, but they could ignore them. Instead, participants had to keep six letters in working memory 

and report one of these letters at the end of the trial; attention was thus maximally allocated away 

from the visual oddball stimuli. In line with attention being fully occupied in the Working Memory 

task, the novelty P3 to the visual oddball stimuli was smaller in the Working Memory than in the 

Visual Oddball task. In contrast, the anterior N2 component to task-irrelevant stimuli was enhanced 

in the Working Memory task. These findings suggest that the initial detection of novel stimuli is 

enhanced (large anterior N2) when few attentional resources are available, which is inconsistent 

with earlier findings that if anything the N2 is enhanced by attention. In a second experiment, a 

condition was added in which working memory load was low but visual oddball stimuli were task-

irrelevant. Results from this experiment showed that while the reduction of novelty P3 amplitude 

was due to task irrelevance, the enhanced anterior N2 was linked to a high working memory load. 

This suggests that novelty detection is enhanced when attention is otherwise engaged. 

 

 

 

 

 

 

 

 

 

Introduction 
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Novel stimuli elicit a negative going event-related potential (ERP) in the N2 time-range, especially 

over anterior regions (Courchesne et al., 1975). This anterior novelty N2 component is elicited in a 

wide variety of tasks, and is modulated by several factors, for example viewing time (Chong et al., 

2008; Daffner et al., 1998; Nittono, Shibuya, & Hori, 2007), physical characteristics of the stimulus 

such as complexity (complex stimuli eliciting a larger anterior N2 than simple stimuli; Shigeto, 

Ishiguro, & Nittono, 2011), and perceptual novelty or the degree of template mismatch (Folstein & 

Van Petten, 2008). It has been argued that the anterior novelty N2 is not elicited in the absence of 

focal attention, suggesting that attention might be a prerequisite for it (Folstein & Van Petten, 

2008). Several other studies have reported that although the anterior novelty N2 is elicited 

irrespective of the focus of attention or the task relevance of the eliciting stimulus, it is enhanced by 

it (Folstein, Van Petten, & Rose, 2008; Fu, Fan, & Chen, 2003; Wang, Cui, Wang, Tian, & Zhang, 

2004). 

In contrast, other studies have suggested that the anterior N2 reflects an automatic 

process entirely unaffected by the focus of attention. Chong et al. (2008) reported that voluntary 

visual exploration, as indexed by viewing duration, is positively correlated with P3 amplitude, but 

has no effect on the anterior novelty N2. In this study participants were either told to focus on 

targets, and ignore all task-irrelevant information or were invited to explore the environment in 

visual oddball paradigm with task-irrelevant novels. In the latter curiosity-focused condition 

participants viewed the novels longer, and novels attracted more attention as reflected by larger P3 

amplitudes. No such effect was seen for the anterior novelty N2; this component was clearly not 

larger in the curiosity-focused condition. Although no statistical analysis of this component was 

reported, it instead seemed larger in the target-focused condition. The authors concluded that the 

identification of novel stimuli relies on a relatively reflexive process that occurs irrespective of the 

attentional resources available. It thus remains unclear whether novelty processing as indexed by 

the anterior N2 is affected by the focus of attention, as suggested by earlier studies, or not, as 

suggested by (Chong et al., 2008). If novelty processing requires attention, one would expect that 

the anterior novelty N2 is attenuated (or even diminished) when attention is elsewhere. By contrast, 

if novelty processing is an automatic process the anterior novelty N2 would be evoked independent 

of the focus of attention. 

A recent study aimed to directly investigate the effects of attention on early novelty 

processing (Tarbi et al., 2011). In their ‘attend’ condition participants performed a visual oddball 

task, while no auditory stimuli were presented. In their ‘ignore’ condition participants performed an 

auditory n-back task while passively viewing the stimuli from a visual oddball paradigm. In this n-

back task participants had to keep a sequence of items in working memory. When a cue was 

presented participants had to indicate whether the cue was the same as the item n presentations 
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back - this is a very engaging task. Tarbi et al. (2011) reported no differences for the anterior N2 

component to novel stimuli for the ‘attend’ and ‘ignore’ conditions. In concurrence with Chong et al 

(2008), the authors argued that the anterior novelty N2 component must be an automatic 

component. However, there is a problem with their experimental manipulation: attention is known 

to have modality-specific resources (e.g. Keitel, Maess, Schröger, & Muller, 2012). In the task of 

Tarbi et al. (2011) attention was required in the auditory but not the visual domain, perhaps leaving 

sufficient attentional resources available for the visual modality, in which the novel stimuli were 

presented. Furthermore, participants were told to fixate at the middle of the screen, implicitly 

suggesting that the visual stimuli were important to the task and required some attention. 

Moreover, the two conditions were not entirely identical. In the ‘ignore’ condition auditory stimuli 

for the n-back task were presented, while these were not presented in the ‘attend’ condition.  

To address the limitations of the Tarbi et al. (2011) study, for Experiment 1 we designed a 

task in which participants did a visual working memory task in which they had to keep in mind 

letters, similar to the ‘ignore’ condition of Tarbi et al. (2011). In another condition participants 

performed a visual novelty oddball task, similar to their ‘attend’ condition. Importantly, now both 

the distracting task and the oddball stimuli were presented in the same modality. As a result, both 

tasks require participants to focus attention to visual stimuli. Furthermore stimuli in the two 

conditions are physically identical, only the task is varied. Although working memory load, and thus 

attention was manipulated in Experiment 1, also task relevance of the visual oddball stimuli varied 

between conditions. In Experiment 2 we included an additional working memory task, in which the 

load was low. The high and low-load working memory conditions allowed us to investigate the 

effects of attention on novelty processing irrespective of task relevance. In addition, the effects of 

task relevance under conditions of low working memory load could be investigated. The first aim of 

the present study is to investigate whether the anterior novelty N2 is an automatic component, and 

to better understand the role of attention in eliciting it.  

The second ERP component of interest is the frontocentrally oriented P3a component, 

evoked by infrequent, task-irrelevant oddball stimuli that differ from the background in which they 

occur (Squires et al., 1975). It is believed to reflect the involuntary orienting of attention to deviant 

information (Escera et al., 2000; Escera, Alho, Winkler, & Näätänen, 1998; Escera, Yago, & Alho, 

2001), although others have argued it reflects voluntary switching of attention (Berti, 2008; Chong et 

al., 2008), and a conscious evaluative process impacting subsequent behavior rather than the mere 

detection of deviance (Folstein & Van Petten, 2008; Friedman et al., 2001). A related component, 

also peaking at a frontal scalp site, is the novelty P3 (Courchesne et al., 1975), which is typically 

elicited by bizarre or novel stimuli. There is some debate about on whether the P3a and novelty P3 

are separate components or are one and the same (Combs & Polich, 2006; Goldstein et al., 2002; 
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Polich & Comerchero, 2003). Results from a factor analysis have suggested that both components 

reflect the same process and should not be distinguished (Simons et al., 2001). Here, we chose to 

refer to this frontocentral component as the novelty P3, because it has been functionally dissociated 

from another component of interest, the P3b (also referred to as P300). This component is elicited 

by task-relevant, but also novel stimuli (Dien et al., 2003). It typically peaks somewhat later than the 

novelty P3 and has the largest amplitude over temporal or parietal electrodes (Soltani & Knight, 

2000). The P3b component has been suggested to reflect the updating of working memory 

(Courchesne et al., 1975; Donchin, 1981a; Donchin & Coles, 1988) as when updating of a context 

representation is required, and more generally of memory processing (Polich, 2007). Others have 

argued that a stimulus must be task-relevant and involve a decisional process to evoke the P3b 

component (Friedman et al., 2001; Verleger, 2008).  

There is consensus that the focus of attention affects both the novelty P3 and P3b 

components (Chong et al., 2008; Duncan-Johnson & Donchin, 1977; Hillyard & Kutas, 1983; 

Holdstock & Rugg, 1995; Johnson, 1986; Tarbi et al., 2011; Woods, Knight, & Scabini, 1993); 

therefore we expected the novelty P3 and P3b for novel stimuli to be smaller in both Working 

Memory conditions compared to the Visual Oddball condition. In addition we will look at the P3b 

component to the letter array, reflecting the interaction between attention and working memory 

(Kok, 2001). We expected the P3b to the letter array to be larger in the Working Memory condition, 

when the letter array is task-relevant, than in the Visual Oddball condition, when it is not. 

 

 

 

 

 

Experiment 1 

Method 

Participants 

Fourteen volunteers (9 male; age 17-26, mean = 21.4; 13 right-handed) with normal or 

corrected to normal vision participated in this study. Participants either received course credit or 15 

Euros of compensation.  
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Stimuli 

A box containing an array of two rows of three randomly chosen letters was presented on 

every trial. The letters in the array could be any letter from the alphabet. The letters were always 

unique in a trial (no repetitions). After the array a novel, standard, or target in the Visual Oddball 

condition/non-target in the Working Memory condition was presented in a random order at about a 

4° viewing angle. All stimuli were presented in the center of the screen. The novel stimuli were 

randomly drawn from the same set of 80 new, hard to categorize, line drawings from a set that have 

been used by several other researchers (Daffner, Mesulam, Scinto, Calvo, et al., 2000; Kosslyn et al., 

1994; Kroll & Potter, 1984). 

 

 

 

 

 

Figure 1. Example of a trial in the Visual Oddball or Working Memory task. In Experiment 1 six letters 

had to be remembered in the Working Memory task, whereas in Experiment 2 either one (Easy 

Working Memory condition), or six letters (Difficult Working Memory condition) had to be 

remembered. The role of the triangle was counterbalanced – upwards pointing either being the 

target or standard or vice versa. Note, the ‘Wait for response’ display was only presented in the 

Working Memory task. The ‘Feedback’ display was only presented on response trials. In the Visual 
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Oddball task this was only after the target was presented, in the Working Memory task, every trial 

was a response trial. 

 

Procedure & Design 

Participants were seated in a Faraday-shielded, sound-attenuated, and dimly lit room. The 

visual stimuli were presented on a 21 inch CRT computer screen using E-Prime programming 

software (Psychology Software Tools Inc., Pittsburgh, PA, USA) at a viewing distance of about 80 cm. 

The refresh rate of the screen was 120 Hz.  

Two different tasks were performed in a blocked design. One of the tasks was a Visual 

Oddball task in which participants performed the three-stimulus visual oddball task. In this paradigm 

three kinds of visual stimuli are presented; frequent standards, infrequent targets, and infrequent 

novels. The other task was a Working Memory task in which participants were required to keep six 

items in working memory and report one item at the end of a trial. The first 20 trials formed a 

practice block for the Visual Oddball task. The next 20 trials formed a practice block for the Working 

Memory task. In total participants performed eight blocks of 70 trials (about 4-7 minutes per block); 

of which four blocks consisted of the Working Memory and four blocks of the Visual Oddball task, 

presented in a random order. Between blocks participants could take breaks, and were informed of 

which task they had to do in the upcoming block on the computer screen. The 560 experimental 

trials were completed in about 70 minutes.  

Figure 1 shows the stimulus sequence for a trial in both the Visual Oddball and the 

Working Memory task. A trial started with a centrally presented empty box that remained on the 

screen during the experiment. All stimuli were presented inside this box. The presentation duration 

of the empty box was jittered between 800-1800 ms. Subsequently a letter array consisting of two 

rows of three letters was presented for a duration between 200-500 ms. Then the fixation box was 

presented again for 800-1800 ms, followed by a visual stimulus presented for 600 ms that could be 

of three kinds: (1) A standard stimulus on 71.4% of all trials, which was either an up- or downwards 

pointing triangle (direction counterbalanced across participants); (2) An infrequent target stimulus 

on 14.3% of all trials, which was a triangle pointing in the opposite direction as the standard triangle. 

Participants had to press ‘b’ in response to the target in the Visual Oddball task (not in the Working 

Memory task); (3) A novel stimulus on 14.3% of all trials, a unique line-drawing that was randomly 

drawn from a set of 80 pictures. All novel stimuli were presented only once.  
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The stimuli were physically identical in the two types of experimental blocks, but the task 

differed. In the Visual Oddball blocks the letter array was task-irrelevant. Participants were 

instructed to give a speeded response (pressing ‘b’) to the target either with their left or right index 

finger, counterbalanced over participants. In the Working Memory blocks participants had to 

remember all six letters from the letter array. Then the visual oddball stimuli were presented 

(standard, novel, or what we in this condition will call the non-target), which were task-irrelevant in 

these blocks. Subsequently the participants would see a number cue indicating the position of the 

letter that had to be reported. The positions of the letters in the array were numbered one to three 

for the first row, and four to six for the second row. All numbers had to be remembered, since it was 

unknown which letter would have to be reported at the end of the trial. 

 

EEG Recordings 

The electroencephalography (EEG) was recorded using the 128 channel Biosemi system 

(Biosemi, Amsterdam, the Netherlands) with sintered Ag/AgCl electrode tips that were plugged into 

an elastic cap (Electro-Cap International Inc. Eaton, OH, USA). For encephalic electrode locations of 

the Biosemi system see www.biosemi.com. Data is reported from electrodes that approximately 

correspond to FCz, Cz, Pz midline electrodes from the 10-20 system. The electrode equivalents for 

the Biosemi 128 system are: FCz = C23, xy(23,90); Cz = A1, xy(0,0); Pz = A19, xy(46,-90). In the rest of 

the text the 10-20 system electrode names will be used for these Biosemi electrode equivalents. The 

electrodes chosen were sites at which the N1, N2, novelty P3 and P3b have been reported to be 

maximal. The visual N1 is known to peak posteriorly, therefore electrode Pz was analyzed to for this 

component (Talsma, Senkowski, & Woldorff, 2009). For the N2 component this electrode was FCz 

(Tarbi et al., 2011), for the novelty P3 component Cz and Pz (He et al., 2001), and for the P3b at the 

Pz electrode (Dien et al., 2003). The other electrodes were used to compute scalp topographies. 

EEG signals were digitized with a sampling rate of 500 Hz and a gain setting of 1000. During 

recording electrode offset was kept below 20 μV. Raw EEG data was digitally filtered offline using a 

0.1 Hz basic finite impulse response 1000-point high-pass filter with a transition bandwidth of 0.01 

Hz (roll-off 24 dB per octave), and a 30 Hz low-pass filter with a transition bandwidth of 5 Hz (roll-off 

6 dB per octave).  

The recordings were offline referenced to the average of electrodes on the left and right 

mastoids. Horizontal eye movements were measured using bipolar electrodes placed at the outer 

corners (the canthi) of the eyes and vertical eye movements, including blinks, were measured by 
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electrodes placed above and below the mid of the orbital sockets in order to correct for eye 

movements during data analysis.  

EEG Analysis 

ERPs were computed from -200 to stimulus onset to 1500 ms post-stimulus. Average peak 

amplitudes were computed relative to a 100 ms pre-stimulus baseline. Time windows per 

component (N1, N2, novelty P3, and P3b) were defined after visual inspection of the group-average 

ERPs. ERPs for the figures in the Working Memory conditions were calculated only over correct 

trials; that is, trials on which participants reported the target letter correctly (error trials were 

excluded since it cannot be known whether participants’ working memory was really engaged on 

these trials). Components were computed as average EEG within certain time windows per 

condition and per stimulus. For all participants and conditions the same time windows were used. 

The N1, investigated to test for differences in the focus of spatial attention, was found to peak in a 

time window of 90-150 ms; the mean peak amplitude was calculated for this time window. The N2 

component was defined as the mean amplitude for a 240-300 ms time window. The novelty P3 was 

defined as the mean amplitude for a time window of 360-430 ms post-stimulus, and the P3b for a 

400-550 ms time-window. The ERP component of interest for the letter array is the P3b (Kok, 2001). 

This P3b to the letter array peaked earlier than the P3b for the visual oddball stimuli; it was 

calculated for a 300-400 ms time-window. 

Independent component analysis (ICA) decomposition of the data was performed using 

the logistic infomax ICA algorithm (Bell & Sejnowski, 1995) with a natural gradient feature using the 

EEGlab toolbox in Matlab (Delorme & Makeig, 2004). The results of the decomposition were used 

for the rejection of eye movements and blink components on basis of visual inspection (0.8-4% of 

data was rejected per participant using ICA). ERPs were derived from the remainder of the data 

using standard signal averaging procedures (Luck, 2005). A minimum of 26 and a maximum of 40 

epochs per condition (Visual Oddball/Working Memory) contributed to the individual average ERPs 

for novel and target stimuli, and a minimum of 126 and a maximum of 200 epochs to the individual 

average ERPs for standards. The number of trials per stimulus per condition varied because only 

correct trials on the working memory task were included and a small proportion of trials 

contaminated with artifacts were rejected. Epochs containing extreme artifacts due to, e.g., muscle 

tension or movements were corrected for by rejecting improbable data with a five standard 

deviation from the mean probability distribution per condition, per participant (rejected trials < 5%) 

for the channels of interest (electrodes FCz, Cz and Pz). When the sphericity assumption was 

violated, statistics were corrected using Greenhouse-Geisser correction. Because we were mainly 
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interested in the N1, N2, novelty P3, P3b for the visual oddball stimuli and the P3b for the letter 

array, other ERP components were not further analyzed. 

Finally, we conducted a two-step temporospatial principal component analysis (PCA; Dien, 

2012) using the ERP PCA Toolkit (EP Toolkit; Dien, 2010) in order to tease apart the components 

contributing to the positive peak in the P3 time-window. PCA was done on the subject- and 

condition averaged data. We used a covariance matrix, using time information for a temporal PCA 

and channel information for a spatial PCA. In the first step a temporal PCA was performed, making 

use of the high temporal resolution of EEG, as recommended by Dien (1998; 2012). For this 

temporal PCA a Promax rotation (Kayser & Tenke, 2003) with no Kaiser correction was used (Dien et 

al., 2003). The rotation parameter kappa was set to three (Dien, 2010) to rotate the data to an 

oblique simple structure (Hendrickson & White, 1964). A scree plot (Cattell, 1966) was used to 

display the variance accounted for by the factors, using a parallel test (Horn, 1965) to determine 

how many factors to retain in this first temporal PCA. In the second step a separate spatial PCA was 

generated for all temporal factors used a spatial Infomax rotation (Dien et al., 2007). Using the 

procedure used for the temporal PCA it was determined how many spatial factors were retained in 

this second step. The EP Toolkit scales the factors back to microvolt scaling and therefore factor 

waveforms can be easily interpreted. A threshold for factor size was set at 0.40 %. Then factors were 

selected on basis of a priori knowledge of the P3 components’ latency and topography. More 

precisely, the first component, the novelty P3, was expected to be oriented more frontally and the 

P3b more posteriorly, peaking somewhat later. 

 

Statistical Analyses 

The behavioral data on the Working Memory task was investigated with a one-way 

repeated measures ANOVA with Stimulus as factor. As post-hoc tests paired-samples t-tests were 

performed. Also the false alarm rates (the proportion of trials on which a response was given when 

none was required) for the Visual Oddball condition were investigated using a paired-samples t-test 

comparing the false alarm rates for novel and standard stimuli.  

After initial analysis and visual inspection of the novelty P3, we choose to conduct a peak-

to-peak analysis for the novelty P3, in order to deal with the problem that the anterior N2 and 

novelty P3 overlap in time and the novelty P3 peak is affected by differences by the preceding 

anterior N2 (which differed between conditions). In detail, we calculated novelty P3 amplitude 

minus anterior N2 amplitude, to isolate novelty P3 effects irrespective of anterior N2 amplitude. We 

will refer to this as the peak-to-peak novelty P3. ERP components (anterior N2, peak-to-peak novelty 
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P3, and P3b) were investigated using three-way repeated measures 2*3*3 ANOVAs: 

[Condition(Visual Oddball task, Working Memory task)]*[Stimulus Type(Standard, Novel, 

Target)*[Electrode(FCz, Cz, Pz)]. The N1 was investigated using a 2*3 ANOVA: [Condition (Visual 

Oddball task, Working Memory task)]*[Stimulus Type(Standard, Novel, Target) for measurements at 

Pz.  

Main effects and interactions involving the Stimulus factor were explored with post-hoc 

tests. For every component, three 2*2*3 ANOVAs were conducted ([Condition (Visual Oddball task, 

Working Memory task)]*[Stimulus Type(Standard vs. Target, Novel vs. Standard, Target vs. 

Novel)*[Electrode(FCz, Cz, Pz)]). Significant interactions for the factor Condition were further 

investigated with 2*3 [Condition(Visual Oddball task, Working Memory task)]*[Electrode(FCz, Cz, 

Pz)] repeated measures ANOVAs per Stimulus (Standard, Novel, Target) for the N2, peak-to-peak 

novelty P3, and P3b components. Significant main effects for Electrode were then further 

investigated with 2*2 ANOVAs, [Electrode(FCz vs. Cz, Cz vs. Pz)]*[Condition(Visual Oddball task, 

Working Memory task,)]. Finally, significant 2*2 interactions were investigated with paired-samples 

t-tests. Also the P3b amplitude for the letter array was compared using a paired-samples t-test at Pz.  

 

Results 

 Behavioral Data 

Accuracy (hit rate = proportion of correctly reported letters) on the Working Memory task was 

influenced by the Stimulus that followed the to-be-remembered letter array, F(1,13) = 3.50, p = .045, 

ŋ2 = .21. Post-hoc comparisons showed that performance was lower after standard (mean = .78; 

standard deviation = .14) compared to novel (mean = .81; sd = .12) stimuli, t(13) = 2.93, p = .012 and 

to target (mean = .82; sd = .12) stimuli, t(13) = 2.47, p = .028. Performance did not differ after novel 

and target stimuli, t(13) = .05, p = .96.  

The average response time on the Visual Oddball task was 409 ms, and the hit rate was 

.92. Participants had more false alarms for standard (proportion of false alarm trials = .004) 

compared to novel stimuli (proportion of false alarm trials = .002), t(13) = 2.47, p = .028. 

 

 N1 component 
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Figures 2 and 3 show the grand-average ERPs and topographic plots respectively, for the 

Visual Oddball task and the Working Memory task (correct trials only) for all three stimulus types. A 

2*3 ANOVA showed that the N1 did not differ between the Visual Oddball and Working Memory 

condition (F < 1). No differences in N1 amplitude were found for stimulus type, F(2,26) = 2.58, p = 

.095, ŋ2 = .17, nor did the factors Condition and Stimulus interact, F < 1. 

  

N2 component 

 Grand-average ERPs for the Visual Oddball task and the Working Memory task can be 

found in Figures 2 and 3. Stimulus type exhibited a strong effect on the N2 amplitude, F(2,26) = 

17.74, p < .001, ŋ2 = .58. Also Condition had an effect on the N2 amplitudes, F(1,13) = 17.03, p = .001, 

ŋ2 = .57, with larger N2 amplitude in the Working Memory compared to the Visual Oddball task. 

Furthermore, Electrode site had an effect on the N2, F(1.33,17.29) = 10.87, p = .002, ŋ2 = .46. In 

addition, Stimulus type and Electrode interacted, F(2.06,26.80) = 13.76, p < .001, ŋ2 = .51 and 

Condition and Electrode interacted, F(1.18,15.32) = 4.27, p = .025, ŋ2 = .25. Stimulus and Condition 

did not interact (F < 1). 

The effect of Stimulus was further investigated: as expected novels evoked a larger N2 

than standards, F(1,13) = 23.98, p < .001, ŋ2 = .65 and targets, F(1,13) = 18.37, p = .001, ŋ2 = .59. 

Target and standard N2s did not differ (F < 1). To further investigate the interaction effects 

described above, the effects for every Stimulus on the factors Electrode and Condition were 

examined. Standard stimuli evoked larger N2 components in the Working Memory than in the Visual 

Oddball condition, F(1,13) = 56.02, p < .001, ŋ2 = .81. Electrode site did not exhibit an effect, 

F(1.23,15.93) = 2.59, p = .123, ŋ2 = .17. Also target stimuli evoked a bigger N2 during the Working 

Memory than during the Visual Oddball task, F(1,13) = 15.013, p < .002, ŋ2 = .54. Electrode did not 

have an effect, F(2,26) = 2.48, p = .104, ŋ2 = .16. Finally, novel stimuli evoked larger N2 components 

in the Working Memory compared to the Visual Oddball condition, F(1,13) = 6.53, p = .024, ŋ2 = .33. 

Electrode site affected the N2 to novel stimuli: The N2 to novel stimuli was frontally (FCz) larger than 

centrally (Cz), F(1,13) = 6.07, p = .028, ŋ2 = .32, and larger centrally than posteriorly (Pz), F(1,13) = 

18.58, p = .001, ŋ2 = .59.  
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Figure 2. Grand-average ERPs to standards, targets and novels in Experiment 1 in the A) Visual 

Oddball Condition; B) Working Memory (WM) Condition for correct trials; C) Novels in the Visual 

Oddball versus Working Memory Condition. 
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Figure 3. Topographic plots for standard, novel and target stimuli grand-average ERPs in the Oddball 

task and Working Memory (WM) task for the mean N2, novelty P3 and P3b time-windows in 

Experiment 1. 

 

Principal Component Analysis  

 To identify independent components in the P3 time range, a temporospatial Principal 

Components Analysis (PCA) was performed. We chose to use a temporospatial PCA as it has been 

suggested to yield better component decomposition in the temporal domain (Dien, 1998, 2012), 

which has higher precision in EEG than the spatial domain. In the first step a temporal PCA was 

conducted on the whole epoch including baseline using Promax rotation. Using the scree test it was 

determined to retain seven factors for the temporal PCA. These factors accounted for 94.66 % of the 

variance. In the second step on basis of another scree test five factors, explaining 89.26 % of the 

variance, were retained for a spatial PCA using Infomax rotation. Spatial PCA was performed for 

each of seven temporal factors scores. Twenty-one out of 35 temporospatial factors met the 

threshold size. Two of these remaining temporospatial factors peaked in the P3 time-window, 

showing positivity on the midline electrodes. These two factors consisted of a combination of 

separate temporal and separate spatial factors, suggesting their independence in the temporal as 

well as spatial domain. Based on a priori knowledge on the latency and topography these 

temporospatially independent factors were presumed to reflect the novelty P3 and P3b 

components. The frontally oriented spatial factor (SF) 2 and temporal factor (TF) 7 peaking at 380 ms 

was interpreted as a novelty P3 factor (TF7SF2). Factor TF2SF2 was more posteriorly oriented P3b 
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peaking at 420 ms. The factor TF2SF2 (P3b) explained 3.23% of the variance and TF7SF2 (novelty P3) 

explained 0.40 %. Figure 4 shows the PCA waveforms for the novelty P3 and P3b factors and the 

corresponding grand-average ERPs. Note that the novelty P3 factor also shows peaks that precede 

the P3 time-range, presumably parts of the N1, P2, and N2 components. This suggests that these 

substantially correlate with novelty P3, and are therefore not entirely dissociable by the 

temporospatial PCA. Nevertheless, the PCA also yielded a N2-like factor TF3SF1, with an anterior 

negative peak at 272 ms, explaining 3.91 % of the variance.  

Figure 4 shows the two novelty P3 and P3b temporospatial factors together over several 

midline electrode sites. TF7SF2 (novelty P3) peaks frontally and TF2SF2 (P3b) more posteriorly. 

TF7SF2 can be seen to become overshadowed by TF2SF2 at electrode site Cz. Since the novelty P3 

and P3b could thus be distinguished using temporospatial PCA we investigated these components 

separately. 

 

 

Figure 4. A) Temporospatial PCA P3 factors and grand average ERPs. B) Temporospatial PCA P3 

factors over midline electrode sites. 

 

Peak-to-peak novelty P3 

 The same 2*3*3 ANOVA as used to investigate the N2 component was performed for the 

peak-to-peak novelty P3 component. This ANOVA showed a Stimulus type effect, F(2,26) = 7.07, p = 
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.004, ŋ2 = .35. Electrode site and Condition did not exhibit main effects (F < 1), nor did Electrode and 

Condition interact, F(2,26) = 2.8, p = .078, ŋ2 = .18, however, Electrode and Stimulus interacted, 

F(4,52) = 10.50, p < .001, ŋ2 = .45. Although Condition and Stimulus did not interact, F(1.23,16.01) = 

2.80, p = .108, ŋ2 = .18, there was a three-way interaction between Stimulus, Electrode and 

Condition, F(1.48,19.22) = 10.06, p = .002, ŋ2 = .44. 

The main effect of Stimulus was further investigated. Novels evoked a larger peak-to-peak 

novelty P3 than standards, F(1,13) = 11.91, p = .001, ŋ2 = .48. There was a trend for a larger peak-to-

peak novelty P3 for novels than for targets, F(1,13) = 3.52,  p = .083, ŋ2 =  .21. Targets elicited a 

larger peak-to-peak novelty P3 than standards,  F(1,13) = 5.57, p = .035, ŋ2 = .30, possibly due to the 

overlap between the novelty P3 and P3b components. 

The interactions described above were further examined for every Stimulus on the factors 

Electrode and Condition. Standard stimuli did not evoke differences for the peak-to-peak novelty P3 

between conditions (F < 1), nor electrodes (F < 1). Novel stimuli elicited a larger peak-to-peak 

novelty P3 in the Visual Oddball task, when participants had to respond to the target, compared to 

the Working Memory task, when the stimuli could be ignored, F(1,13) = 6.58, p = .024, ŋ2 = .34. In 

addition, Electrode site had a significant effect on the peak-to-peak novelty P3 to novel stimuli, 

F(1.35,17.57) = 4.67, p = .035, ŋ2 = .26. Additional ANOVAs showed that the peak-to-peak novelty P3 

for novels was larger at the frontal compared to the central electrode site, F(1,13) = 5.27, p = .039, 

ŋ2 = .29, and larger at the central compared to the posterior electrode site, F(1,13) = 7.41, p = .017, 

ŋ2 = .36. Targets did not evoke differences in amplitude in the peak-to-peak novelty P3 between 

conditions, F(1,13) = 2.47, p = .140, ŋ2 = .16, nor between electrodes, F(1.12,14.50) = 1.19, p = .301, 

ŋ2 = .08.  

 

P3b Component 

The same 2*3*3 ANOVA as used for the other components showed that Stimulus type had 

an effect on the P3b amplitude, F(2,26) = 13.61, p < .001, ŋ2 = .51, as did Electrode site, F(1.12,14.53) 

= 13.31, p = .002, ŋ2 = .51. Moreover, the P3b was larger in the Visual Oddball condition than in the 

Working Memory condition, F(1,13) = 17.54, p = .001, ŋ2 = .57. In addition, Stimulus type and 

Electrode interacted, F(4,52) = 5.86, p = .001, ŋ2 = .31 as did Condition and Electrode, F(2,26) = 

37.05, p < .001, ŋ2 = .74, and Stimulus type and Condition, F(2,26) = 6.30, p = .006, ŋ2 = .33. Finally, 

there was a three-way interaction between Stimulus, Electrode and Condition, F(2.46,31.01) = 9.11, 

p < .001, ŋ2 = .41. 
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Novel- and standard-evoked peaks in the P3b time-range did not differ (F < 1), but targets 

evoked a larger P3b than novels, F(1,13) = 17.45, p = .001, ŋ2 = .57 and than standards, F(1,13) = 

19.06, p = .001, ŋ2 = .59. 

The interaction effects described above were further investigated for every Stimulus on 

the factors Electrode and Condition. The standard stimuli evoked larger peaks in the P3b time-

window in the Visual Oddball condition than in the Working Memory condition, F(1,13) = 10.03, p = 

.007, ŋ2 = .44. Electrode site also exhibited an effect for standard stimuli, F(1.36,17.65) = 7.21, p = 

.010, ŋ2 = .36. Furthermore, Electrode site and Condition interacted, F(2,26) = 7.21, p = .003, ŋ2 = .36: 

the amplitudes for standard stimuli in the P3b time-window were larger in the Visual Oddball task 

compared to the Working Memory task at Cz, t(13) = 3.33, p = .005, and at Pz, t(13) = 4.05, p = .001. 

The amplitudes did not differ for the two conditions for standard stimuli at FCz, t(13) = 1.93, p = .08. 

Novel stimuli also evoked larger peaks in the P3b time-window in the Working Memory 

compared to the Visual Oddball condition, F(1,13) = 7.28, p = .018, ŋ2 = .36. In addition, Electrode 

site had a significant effect on the P3b peaks to novel stimuli, F(1.28,16.65) = 12.66, p = .001, ŋ2 = 

.49. This effect was mainly driven by the large peaks at Pz: the P3b peaks were larger at posterior 

compared to central, F(1,13) = 17.16, p = .001, ŋ2 = .57. The P3b peaks did not differ for frontal and 

central electrode sites, F(1,13) = 3.63, p = .08, ŋ2 = .22 

As expected the target stimuli evoked larger peaks in the P3b time-range during the Visual 

Oddball task than during the Working Memory task, F(1,13) = 13.50, p = .003, ŋ2 = .51. Electrode site 

also had a significant effect, F(1.18,15.34) = 10.90, p = .003, ŋ2 = .46. This effect was again mainly 

driven by the large target-P3b peaks at Pz: the P3b peaks were larger at a posterior than at a frontal 

electrode site, F(1,13) = 11.63, p = .005, ŋ2 = .47 and a central site, F(1,13) = 12.07, p = .004, ŋ2 = .48. 

The P3b was larger at Cz than at FCz, F(1,13) = 5.53, p  = .035, ŋ2 = .30. Furthermore, Electrode and 

Condition interacted, F(2,26) = 48.71, p < .001, ŋ2 = .79: P3b amplitude was larger in Visual Oddball 

compared to the Working Memory condition at Cz, t(13) = 3.57, p = .003, and at Pz, t(13) = 5.17, p < 

.001. The P3b component did not differ at FCz, t(13) = 2.01, p = .066. Since for targets the effects and 

the scalp distribution (see Figure 3) were much the same for the novelty P3 as for the P3b time 

range, effects will be further analyzed using principal component analysis. 

 The P3b to the letter array were larger in the Working Memory condition (mean P3b = 6.90 

µV) at Pz when participants had to remember the letters than when the letter array was task-

irrelevant as in the Visual Oddball condition (mean P3b = 4.90), t(13) = 2.29, p = .039. This confirms 

that the Working Memory task increased the working memory load. 
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Discussion 

In Experiment 1 we investigated the role of attention in the generation of the anterior N2 

component by manipulating the focus of attention. Importantly, stimuli were identical between our 

two conditions; only the task requirements were manipulated. In the Visual Oddball condition 

participants had to respond to the oddball stimuli, whereas in the Working Memory condition they 

were irrelevant. Moreover, in the Working Memory task a letter array had to be kept in mind while 

the oddball stimuli were being presented, presumably further reducing the level of attention that 

could be allocated to the visual oddball stimuli in this condition. If the anterior N2 depended on 

attention, it would be reduced in the Working Memory condition in which attention devoted to the 

stimuli was low, relative to the Visual Oddball condition in which the stimuli were task-relevant and 

attention was not occupied by a working memory load. This was not the case; rather, the anterior 

N2 was enhanced when attention was engaged by the working memory task. In contrast, the novelty 

P3, believed to reflect elaborate stimulus processing, was reduced in the high demanding Working 

Memory condition. The P3b, which was dissociated from the more frontal novelty P3 in both time 

and topography using PCA, showed the same pattern of results. No effect was found on the N1, 

which suggests that there was no difference in spatial focus – in all conditions, only subsequent 

processing was affected. Working memory performance was better when a novel or target stimulus 

was shown in between the study display and test, than when a standard stimulus was shown. 

However, since it did not replicate in the next experiment, no firm conclusions can be drawn, and we 

will not return to this issue. 

The experiment’s design was aimed to vary the attentional resources for novel stimuli 

between conditions. However, this was done by manipulating the task relevance of the stimuli. In 

the Working Memory condition the visual oddball stimuli could be ignored, whereas they had to be 

discriminated in the Visual Oddball condition, since the target oddball required a response. Also in 

go/no-go tasks, when some stimuli require a response and others require response inhibition, low-

frequency stimuli can elicit a negative component in the N2 time range. This N2 has been suggested 

to reflect response inhibition (Kok, 1986; Pfefferbaum, Ford, Weller, & Kopell, 1985; Simson, 

Vaughan, & Ritter, 1977), or conflict monitoring, since in a design in which there are both low-

frequency ‘go’ and low-frequency ‘no-go’ stimuli, it is also elicited by the low-frequency ‘go’ stimuli 

(Donkers & van Boxtel, 2004). This N2 has been argued to reflect a cognitive control system 

monitoring the conflict between a low frequent and a prepotent response (Botvinick, Braver, Barch, 

Carter, & Cohen, 2001; Braver, Barch, Gray, Molfese, & Snyder, 2001). In our study, the enhanced 

anterior N2 in the Working Memory condition may also have reflected conflict control; conflict was 

possibly stronger in the Working Memory than in the Visual Oddball condition since participants had 

to inhibit a response to the visual oddball stimuli while they were doing the demanding working 
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memory task. If this explains the larger N2 in the Working Memory condition, the largest N2 would 

be elicited by target oddball stimuli, for which a response was required in the Visual Oddball 

condition. However, no such preferentially larger N2 for targets was seen in this condition. However, 

the possibility of cognitive control playing a role raises the question whether differences in task 

relevance of the oddball stimuli, rather than in attention, could explain our finding of an enhanced 

N2 in the Working Memory condition. 

 

Experiment 2 

In Experiment 2 it was investigated whether the results in Experiment 1 could be explained by 

differences in task relevance, rather than differences in attention. Both the Working Memory and 

the Visual Oddball condition of Experiment 1 were included, and a third condition, the Easy Working 

Memory task. In this condition, only one item had to be rehearsed in working memory. To 

differentiate it from this new Easy Working Memory task, the Working Memory condition of 

Experiment 1 will now be referred to as Difficult Working Memory task. In both working memory 

conditions the visual oddball stimuli were task irrelevant. Moreover, the Easy and Difficult Working 

Memory conditions differed in working memory load, and therefore in the attention available for 

the task-irrelevant visual oddball stimuli. If attention is required to suppress the detection and 

processing of irrelevant novel stimuli, one would expect the Easy Working Memory condition to 

yield the same ERP patterns as the Visual Oddball condition. If, on the other hand, task relevance 

determines the electrophysiological responses elicited by novel stimuli, one would expect the two 

working memory conditions to yield similar ERP patterns.  

Method 

Participants 

Eighteen volunteers (4 male; age 18-33, mean = 23.1; 16 right-handed) with normal or 

corrected to normal vision participated in this study. Participants either received course credit or 

were paid 17 Euros of compensation.  

 

Stimuli, Procedure & Design 

 The stimuli and procedure were the same as in Experiment 1. The two tasks of Experiment 

1 were also part of Experiment 2, and an additional task in which only one letter, instead of six, had 
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to be remembered from the letter array - always the top middle item. This task is referred to as the 

Easy Working Memory condition. For each task 280 trials were performed, with a total of 840 trials. 

The experiment lasted about 105 minutes. 

 

 EEG Recordings and Analysis 

The same EEG recording procedures were used as in Experiment 1. ERPs were computed 

as in Experiment 1: Again for the Working Memory conditions (Easy and Difficult) the ERPs were 

calculated only for the correct trials. The same time-windows were used for calculating the N1, N2, 

novelty P3, and P3b ERPs. 

The same procedures were used for cleaning the EEG data (rejected trials < 5%). A 

minimum of 25 and a maximum of 40 epochs per condition (Visual Oddball/Working Memory) 

contributed to the individual average ERPs for novel and target stimuli, and a minimum of 110 and a 

maximum of 200 epochs to the individual average ERPs for standards.  

 

Statistical Analyses 

The behavioral data on the two working memory tasks was investigated with a two-way 

repeated measures ANOVA with Stimulus(Standard, Novel, Target) and Task(Easy, Difficult) as 

factors. Post-hoc paired-samples t-tests were performed to further investigate the effects of 

Stimulus. False alarms for novel and standard stimuli in the Visual Oddball task were compared using 

a paired-samples t-test.  

The N2, peak-to-peak novelty P3, and P3b were investigated using three-way repeated 

measures 3*3*3 ANOVAs: [Condition(Visual Oddball task, Easy Working Memory task; Difficult 

Working Memory task)]*[Stimulus Type(Standard, Novel, Target)*[Electrode(FCz, Cz, Pz)]. The N1 

was investigated using a 3*3 ANOVA: [Condition (Visual Oddball task, Easy Working Memory task, 

Difficult Working Memory task)]*[Stimulus Type(Standard, Novel, Target) at Pz.  

As for Experiment 1, main effects and interactions involving the Stimulus factor were 

explored with follow-up tests. Three 2*3*3 ANOVAs were conducted Stimulus Type(Standard vs. 

Novel, Standard vs. Target, Novel vs. Target)* ([Condition (Visual Oddball task, Easy Working 

Memory task, Difficult Working Memory task)]*[ [Electrode(FCz, Cz, Pz)]). A main effect of Electrode 

was investigated with two 3*3*2 ANOVAs were conducted Stimulus Type(Standard, Novel, Target)* 
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([Condition (Visual Oddball task, Easy Working Memory task, Difficult Working Memory task)]*[ 

[Electrode(FCz vs. Cz, Cz vs. Pz)]). A main effect for Condition was further investigated with 3*3 

[Condition(Visual Oddball task, Easy Working Memory task, Difficult Working Memory 

task)]*[Electrode(FCz, Cz, Pz)] repeated measures ANOVAs per Stimulus (Standard, Novel, Target). 

The effect of Condition per stimulus was further investigated with deviance contrasts. In one 

contrast the high-load Difficult Working Memory condition was compared to the mean of the low-

load Visual Oddball, and Easy Working Memory conditions. In the second contrast, the Visual 

Oddball condition was compared to the mean of the Easy and Difficult Working Memory conditions, 

investigating the effects of task-relevance. Significant main effects for Electrode were further 

investigated with 2*3 ANOVAs, [Electrode(FCz vs. Cz, Cz vs. Pz)]*[Condition(Visual Oddball task, Easy 

Working Memory task, Difficult Working Memory task)]. The P3b for the letter array at Pz was 

subjected to a one-way  ANOVA with Condition Visual Oddball Task, Easy Working Memory Task; 

Difficult Working Memory Task) as a factor. A significant effect was followed up by paired-samples t-

tests comparing the conditions.  

 

 

 

Results 

 Behavioral Data 

As expected accuracy (hit rate) was better on the Easy (mean = .99; sd = .01) compared to the 

Difficult Working Memory task (mean = .73; sd = .11), F(1,13) = 110, 63, p < .001, ŋ2 = .90. It was not 

influenced by Stimulus (mean novel = .85, sd = .08; mean target = .85, sd = .06; mean standard =.87; 

sd = .06), F(2,26) = 2.04, p  = .151, ŋ2 =.14, nor did Task and Stimulus interact, F(2,26) = 2.06, p  = 

.148, ŋ2 = .14.  

The average response time on the Visual Oddball task was 435 ms, and hit rate was .92. 

Participants had more false alarms for standard (proportion of false alarm trials = .003) compared to 

novel stimuli (proportion of false alarm trials = .001), t(13) = 2.45, p = .029. 

 

 N1 component 
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Figures 5 and 6 show the grand-average ERPs and topographic plots respectively, for the 

Visual Oddball task, the Easy, and the Difficult Working Memory task (correct trials only) for all three 

stimulus types. The N1 did not differ between conditions, F(1.14, 19.36) = 2.62, p = .119, ŋ2 = .13, No 

differences in N1 were found for stimulus type (F < 1) nor did the factors Condition and Stimulus 

interact, F(4,68) = 1.98, p = .107, ŋ2 = .11. 

  

N2 component 

Stimulus type affected the N2 amplitude, F(1.40,18.21) = 10.42, p = .002, ŋ2 = .45. The N2 

differed between Conditions, F(2,26) = 8.89, p = .002, ŋ2 = .41. Electrode site affected the N2, 

F(1.18,15.35) = 29.19, p < .001, ŋ2 = .69. In addition, Stimulus type and Electrode interacted, F(4,52) 

= 25.47, p < .001, ŋ2 = .66. Condition and Electrode nor Condition and Stimulus interacted (Fs < 1), 

nor was there a three-way interaction between Condition, Electrode, and Stimulus, F(2.80, 36.45) = 

1.23, p = .291, ŋ2 = .09.  

As expected novels evoked a larger N2 than standards, F(1,13) = 36.85, p < .001, ŋ2 = .74 

and than targets, F(1,13) = 13.68, p = .004, ŋ2 = .34. The target and standard N2 did not differ, 

F(1,13) = 1.54, p = .234, ŋ2 = .11. The anterior N2 peaked frontally: it was larger at FCz than at Cz, 

F(1,13) = 12.66, p = .004, ŋ2 = .49, and larger at Cz than at Pz, F(1,13) = 28.84, p < .001, ŋ2 = .69. 

The effects of Condition were further investigated per Stimulus using deviance contrasts. 

The anterior N2 was enhanced under conditions of high-load: It was larger in the Difficult Working 

Memory condition compared to the Easy Working Memory and Visual Oddball condition for 

standards, F(1,13) = 19.20, p = .001, ŋ2 = .60, targets, F(1,13) = 7.29, p = .018, ŋ2 = .36, and novels, 

F(1,13) = 32.85, p < .001, ŋ2 = .72 . In addition, the N2 was smaller in the Visual Oddball condition 

than the Easy and Difficult Working Memory conditions for standards, F(1,13) = 7.08, p = .020, ŋ2 = 

.35, and novels, F(1,13) = 7.26, p = .018, ŋ2 = .36, but not for targets, F(1,13) = 1.94, p = .187, ŋ2 = .13. 

Post-hoc ANOVAs showed that this effect for novels and standards was mainly driven by the large 

anterior N2 in the Difficult Working Memory compared to the Visual Oddball condition, F(1,13) = 

24.08, p < .001, ŋ2 = .65. No differences were found between the Easy Working Memory and Visual 

Oddball condition, F(1,13) = 1.43, p = .25, ŋ2 = .10, indicating that task relevance did not affect the 

anterior N2, but working memory load did.  
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Figure 5. Grand-average ERPs to standards, targets and novels in Experiment 2 in the A) Visual 

Oddball condition; B) Easy Working Memory (WM) condition for correct trials; C) Difficult WM 

condition for correct trials; D) Novels in the Easy WM, Difficult WM, and the Visual Oddball condition. 

 

 

 

 

 

 

 



CHAPTER 6 

 

 

 

 

 

 

 

 

Figure 6. Topographic plots for standard, novel and target stimuli grand-average ERPs in the Oddball 

task and Easy and Difficult Working Memory task for the mean N2, novelty P3 and P3b time-windows 

in Experiment 2. 

 

 Peak-to-peak novelty P3 

 Stimulus type had an effect on the peak-to-peak novelty P3, F(2,26) = 3.70, p = .039, ŋ2 = 

.22. Also Condition affected the peak-to-peak novelty P3, F(2,26) = 19.08, p < .001, ŋ2 = .60, as did 

Electrode site, F(1.04,13.52) = 7.61, p = .015, ŋ2 = .37. Stimulus and Electrode interacted, 

F(1.81,23.55) = 9.94, p = .001, ŋ2 = .43, as did Condition and Electrode, F(1.14,14.85) = 8.69, p = .008, 

ŋ2 = .40, and Stimulus and Condition, F(4,52) = 3.79,  p = .009, ŋ2 = .23. In addition, there was a three-

way interaction between Stimulus, Electrode and Condition, F(2.13, 27.71) = 10.52, p < .001, ŋ2 = .45. 

The main effect of Stimulus was further investigated. The peak-to-peak novelty P3 did not 

differ for novels and standard standards (F < 1). Targets elicited a larger peak-to-peak novelty 

P3than standards, F(1,13) = 5.36, p < .05, ŋ2 = .29, and than novels, F(1,13) = 6.15, p = .028, ŋ2 = .32. 

The peak-to-peak novelty P3 was larger at FCz than at Cz, F(1,13) = 27.35, p < .001, ŋ2 = .68, and 

larger at Pz than at Cz, F(1,13) = 21.33, p < .001, ŋ2 = .62. 

The peak-to-peak novelty P3 was larger when the visual oddball stimuli were task-relevant, 

as in the Visual Oddball condition compared to the Easy and Difficult Working Memory condition 

when the stimuli were task-irrelevant for standards, F(1,13) = 6.50, p = .024, ŋ2 = .33, targets, F(1,13) 

= 32.47, p < .001, ŋ2 = .71, and novels, F(1,13) = 7.27, p = .018, ŋ2 = .36. The Difficult Working 
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Memory condition did not differ from the Easy Working Memory and Visual Oddball task for 

standards, F(1,13) = 1.51, p = .241, ŋ2 = .10, or novels, F(1,13) = 1.27, p = .280, ŋ2 = .09, however, the 

peak-to-peak novelty P3 was smaller in the high-load Difficult Working Memory task compared to 

the low-load of the Visual Oddball and Easy Working Memory tasks for targets, F(1,13) = 7.15, p = 

.019, ŋ2 = .36. 

The three-way interaction Stimulus*Electrode*Condition was further examined for every 

Stimulus on the factors Electrode and Condition. However, Electrode and Condition did not interact 

for the target P3b, F(1.56,20.27) = 2.49, p = .118, ŋ2 = .16, nor for the standard- or novel elicited P3b 

(Fs < 1). 

P3b Component 

Stimulus type affected the P3b amplitude, F(1.21,15,73) = 11.55, p = .003, ŋ2 = .47. 

Electrode site also had an effect on the P3b, F(1.24,16.13) = 32.33, p < .001, ŋ2 = .71, as did 

Condition, F(2,26) = 14.75, p < .001, ŋ2 = .53. Stimulus type and Electrode interacted, F(1.42, 18.41) = 

11.52, p = .001, ŋ2 = .47, as did Condition and Stimulus, F(4,52) = 5.20, p = .001, ŋ2 = .29. Electrode 

and Condition did not interact, F(1.97,25.65) = 1.08, p = .355, ŋ2 = .08, nor was there was a three-

way interaction between Stimulus, Electrode and Condition, F(2.89,37.52) = 2.68, p = .063, ŋ2 = .17. 

The main effect of Stimulus was further investigated. The P3b was larger for standards 

than novels, F(1,13) = 6.72, p = .022, ŋ2 = .34. Targets elicited a larger P3b than standards, F(1,13) = 

14.18, p = .02, ŋ2 = .52, and than novels, F(1,13) = 12.87, p = .003, ŋ2 = .50. The P3b peaked 

posteriorly, it was larger at Pz than at Cz, F(1,13) = 28.29, p < .001, ŋ2 = .69, and larger Cz than FCz, 

F(1,13) = 21.67, p < .001, ŋ2 = .63. 

The P3b was larger in the Visual Oddball condition compared to the Easy and Difficult 

Working Memory condition when the stimuli were task-irrelevant, for standards, F(1,13) = 13.31, p = 

.003, ŋ2 = .51, targets, F(1,13) = 22.47, p < .001, ŋ2 = .63, and novels, F(1,13) = 12.18, p = .004, ŋ2 = 

.48. The P3b was smaller in the Difficult Working Memory condition than in the Easy Working 

Memory and Visual Oddball task for standards, F(1,13) = 9.05, p = .010, ŋ2 = .41, targets, F(1,13) = 

12.61, p = .004, ŋ2 = .49, and novels, F(1,13) = 7.83, p = .015, ŋ2 = .38. Post-hoc ANOVAs showed that 

this effect was mainly driven by the larger P3b in the Visual Oddball condition, compared to the 

Difficult Working Memory condition, F(1,13) = 21.03, p = .001, ŋ2 = .62, rather than the Easy Working 

Memory condition, F(1,13) = 2.06, p = .175, ŋ2 = .14. This suggests that task relevance affected the 

P3b more strongly than working memory load. 
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 There was an effect of Condition on the P3b peaks to the letter array, F(2,26) = 8.36, p = 

.002, ŋ2 = .39. The P3b at Pz was smaller in the Visual Oddball condition (mean P3b = 4.61 µV) 

compared to the Difficult (mean P3b = 7.45 µV), t(13) = 2.54, p = .025, and the Easy Working 

Memory condition (mean P3b = 10.21 µV), t(13) = 4.00, p < .001. The Easy and Difficult Working 

Memory condition did not differ, t(13) = 1.78, p = .099. 

 

Discussion 

In Experiment 2 the major finding of Experiment 1 were replicated. The anterior N2 was larger when 

participants performed a high compared to a low-load task. With a new condition, it was 

investigated whether these effects were due to differences in attention available for, or task 

relevance of the visual oddball stimuli. For the anterior N2, available attention seemed to be the 

determining factor: In the Easy Working Memory condition, as in the Visual Oddball condition, the 

anterior N2 was smaller than in a Difficult Working Memory task. These effects were different for 

the novelty P3 and P3b to the visual oddball stimuli. These components were reduced in both the 

Easy and the Difficult Working Memory condition compared to the Visual Oddball condition. This 

suggests that actually the task relevance of the visual oddball stimuli, rather than attention is a 

prerequisite in the elicitation of these components.  

 

General Discussion 

The effects of attention on the anterior N2 

Here we investigated whether attention affects the processing of novel stimuli. To do that, 

two tasks were contrasted, in which participants saw exactly the same sequence of stimuli, but had 

the task to either memorize a letter array or to respond to visual oddball stimuli that were 

presented in between the letter array and a subsequent test. In contrast with a hypothesis that the 

anterior N2 is enhanced by attention, we found that it was larger in a difficult Working Memory 

condition compared to a Visual Oddball condition; that is, when participants were remembering a 

letter array, early visual processing of task-irrelevant stimuli was facilitated. This was also the case 

when we compared a difficult, high-load working memory task with an easy, low-load working 

memory task. Since in both of these working memory tasks the visual oddball stimuli were task-

irrelevant, it is not task relevance that explains this effect. Instead, it is the memory load that led to 

the increased anterior N2 amplitude. This could mean two things. A first explanation for the 

enhanced anterior N2 components starts from the assumption that motivated our work, namely 
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that a working memory load would occupy attention and thus leave little attention for the oddball 

stimuli in the difficult Working Memory condition. It is possible that when attention is otherwise 

engaged, task-irrelevant information is more difficult to suppress and becomes automatically more 

salient to the observer.  

Alternatively, it is possible that the difficult working memory task did not fully engage 

attention, but that it led to higher effort and thus that it may have generally increased attention 

devoted to all stimuli – including the task-irrelevant ones. That in turn could have led to an 

enhancement of the anterior N2 for all stimuli (Eimer, Kiss, Press, & Sauter, 2009; Folstein & Van 

Petten, 2008; Fu et al., 2003; Wang et al., 2004). 

To start with the second explanation, it implies that attention remains allocated to the 

display after the task-relevant information was presented. Such sustained attention would be 

counterproductive, since during this period the items in working memory are susceptible to decay. 

Moreover, more attention devoted to the display would be expected to yield a stronger N1, novelty 

P3 and P3b in the Working Memory condition. In contrast, there was no main effect of task in either 

experiment on the N1, which is highly sensitive to spatial attention (Talsma et al., 2009), and both 

the novelty P3 and P3b were larger in the Visual Oddball condition. 

The first explanation, that task-irrelevant information is harder to suppress when working 

memory is engaged, is in line with findings of enhanced mismatch negativity (MMN) for task-

irrelevant novel sounds during a condition of high working memory load (Lv et al., 2010). MMN has 

been suggested to reflect the detection of automatic changes in a stream of auditory stimuli (Escera, 

Alho, Winkler, & t nen, 1998; Näätänen, 1990), much like the anterior N2 has been suggested to 

reflect novelty detection. In contrast with the findings of Lv, et al. (2010) others have reported no 

effects of working memory load on the MMN (Berti & Schröger, 2003; Escera et al., 2000; Muller-

Gass & Schröger, 2007; SanMiguel et al., 2008). However, all these studies employed a working 

memory task in which participants only had to keep one item in memory; a rather simple task 

probably leaving sufficient resources available to prevent distraction, resulting in no effect on the 

MMN. Our findings of no enhanced N2 in the Easy Working Memory task in Experiment 2, in which 

also only one item had to be remembered, are in line with this suggestion. In the Lv, et al. (2010) 

study participants had to remember three items in a low-load and seven items in a high-load 

condition (which is more similar to the present study’s six items): in the high-load more resources 

were required, leaving insufficient resources to suppress task-irrelevant information. Lv, et al. (2010) 

who found a modulation of the MMN as a function of working memory load argued that their 

findings support Lavie’s Load Theory (Lavie, Hirst, de Fockert, & Viding, 2004). This theory posits that 

the suppression of task-irrelevant information depends on the available resources for executive 
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cognitive control. In a condition of high working memory load such resources are depleted, resulting 

in a reduction of suppression and an ensuing increase in change detection. Such an explanation of 

reduced suppression is also in line with findings of increased effects of salience under conditions of 

high working memory load (Van der Stigchel, 2010). Effects of salience grow stronger when 

participants are distracted, as indicated by more capture by distractors in an oculomotor search 

paradigm. A similar idea is Postle’s (2005) proposal of a distraction detection mechanism; working 

memory systems are argued to protect from distraction by down-regulating the gain of primary 

sensory processing of interfering irrelevant information. All these findings are consistent with the 

idea that the enhanced anterior N2 in the high working memory load reflects increased detection as 

a result of decreased suppression, of task-irrelevant stimuli. 

A brain area in the ventral visual stream, the lingual gyrus, has been linked to the 

perceptual part of novelty detection, especially when the novel stimuli are presented outside the 

focus of attention (Stoppel et al., 2009). Interestingly, activity in the lingual gyrus was reported to be 

increased in adults with attention deficit hyperactivity disorder (ADHD), known to be easily 

distracted by task-irrelevant information. At the same time the N2 was enhanced and the P3 

reduced (Prox, Dietrich, Zhang, Emrich, & Ohlmeier, 2007). These results are very similar to our 

findings, where the N2 was enhanced, but the P3 components were reduced under conditions in 

which few attentional resources were available for the stimuli.  

The anterior N2 to novels was significantly larger compared to the N2 to standards and 

targets, suggesting that this component indeed reflects novelty processing. However, the N2 to 

standard stimuli showed a similar pattern between conditions as did novel stimuli (Working Memory 

> Visual Oddball), suggesting that our manipulation of attention affected processing of all stimuli 

equally. This is what could be expected if the anterior N2 indexes novelty detection itself, not 

processes that operate once novelty is detected. 

Taken together, these findings suggest that the anterior N2 indexes perceptual novelty 

detection and that the detection of novelty is enhanced when novel stimuli occur outside the focus 

of attention. 

 

The effects of attention on the novelty P3 and P3b  

  When a task is difficult, a more intense focus of attention is demanded. This facilitates 

processing of all stimuli (also non-targets), which is reflected in an enhanced P3 (Comerchero & 

Polich, 1998, 1999; Katayama & Polich, 1998; Verbaten et al., 1997). Our Working Memory condition 
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required attentional resources for a different task, reducing those available for processing the 

oddball stimuli, and reducing the peak-to-peak novelty P3 component for novels, targets and 

standards alike. Our findings of a decreased novelty P3 under conditions of high-load are thus in line 

with numerous studies linking the novelty P3 to the voluntary allocation of attention (Chong et al., 

2008; Tarbi et al., 2011), the elaborate processing of task-irrelevant information (Barkaszi et al., 

2013), or the conscious evaluation of a stimulus (for a review see for example Folstein & Van Petten, 

2008; Friedman et al., 2001); these processes are notably reduced when participants are engaging in 

a demanding working memory task. Results from our Experiment 2 suggest that some or all of these 

effects are linked more to task relevance than to the amount of attention available for processing. In 

our Easy Working Memory task in Experiment 2, working memory load was low, but the visual 

oddball stimuli were task-irrelevant, and the novelty P3 and P3b were still reduced compared to the 

Visual Oddball condition. Similar effects were found for the P3b component, which latency and 

topography overlap with the novelty P3 but could be distinguished using principal component 

analysis. These results of a smaller P3b in the Working Memory condition suggest that the updating 

of working memory was suppressed when the visual oddball stimuli were not task-relevant 

(Courchesne et al., 1975; Donchin, 1981a; Donchin & Coles, 1988). 

  

Conclusion 

The present study presents evidence that early visual novelty processing is modulated by 

attention, however, in a fashion opposite to what has been reported before. That is, when 

participants were performing a high-load working memory task, early novelty responses are 

enhanced (large anterior N2). This is the case irrespective of task relevance. Subsequent processing 

of the novel stimuli as indexed by the novelty P3 component, on the other hand, is drastically 

reduced when all visual oddball stimuli are task-irrelevant. 
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