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Abstract 

The present study, using a cuing paradigm, reexamined the claim of an attentional bias toward 

fearful faces.  In Experiment 1, participants searched a target display for a letter in a specific 

color.  This target display was preceded by a non-informative cue display, which contained 

colored boxes (one in the target color and one in the distractor color) or emotional faces (one 

fearful face and one neutral face).  Each cue could appear in the same location as the target 

(validly cued) or different (invalidly cued).  To determine whether the cues captured attention, 

we used an electrophysiological measure of spatial attention known as the N2pc effect.  The 

target color cue produced a substantial N2pc effect and a robust cue validity effect on behavioral 

data, indicating capture by stimuli that match what participants are looking for.  However, 

neither effect was present for the task-irrelevant fearful face cue.  These findings suggest that 

negative stimuli (such as fearful facial expressions) do not generally have the inherent power to 

capture spatial attention against our will.  Experiment 2 showed that these same fearful faces 

could capture attention when fearful expressions became task-relevant.  Thus, the critical 

determinant of capture appears to be task-relevance, rather than perceived threat.   
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Capture by Fear Revisited: An Electrophysiological Investigation 

 The processing of facial expression is important for our daily social interactions.  These 

expressions signal what actions are most appropriate in a given moment.  For instance, seeing a 

person sitting across from you with a fearful facial expression would raise your awareness of a 

possible threat in the environment (e.g., a dangerous animal) and subsequently prompt 

appropriate action to avoid that threat.  Thus, the efficient processing of facial expression likely 

has some survival value, which might have led to a psychological adaption.  Much effort has 

been devoted to understanding how attention influences the processing of facial emotion, as well 

as how facial emotion influences subsequent attention (e.g., Allen, Lien, & Ruthruff, 2011; 

Frischen, Eastwood, & Smilek, 2008; Öhman & Mineka, 2001; Palermo & Rhodes, 2007).   

Some studies have suggested that the processing of emotionally salient faces occurs 

automatically, even when spatial attention is allocated to another task (e.g., Eastwood, Smilek, & 

Merikle, 2003; Ikeda, Sugiura, & Hasegawa, 2013; Vuilleumier & Schwartz, 2001; but see 

Eimer, Holmes, & McGlone, 2003; Holmes, Vuilleumier, & Eimer, 2003; Okon-Singer, 

Tzelgov, & Henik, 2007; Pessoa, McKenna, Gutierrez, & Underleider, 2002).  Nevertheless, 

those findings do not necessarily indicate that emotionally salient faces, when completely task-

irrelevant, can capture spatial attention to their location.  Although some studies have attempted 

to clarify this issue, they have provided inconclusive findings (e.g., Eimer & Kiss, 2007; Fenker 

et al., 2010; Hodsoll, Viding, & Lavie, 2011; Pourtois, Grandjean, Sander, & Vuilleumier, 2004).  

The present study revisited this issue, focusing on the case of fearful emotional expressions.   

Attentional Capture by Fearful Faces 

 While numerous neurophysiological studies have revealed that brain processes are 

different for fearful faces and neutral faces (e.g., Vuilleumier, Armony, Driver, & Dolan, 2001), 
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it is not clear whether fearful faces can actually trigger involuntary shifts of spatial attention.  

Eimer and Kiss (2007) examined this issue using event-related potentials (ERPs).  They used an 

ERP component that is very specifically related to shifts of visual/spatial attention, not emotional 

processing – the N2pc effect (short for N2-posterior-contralateral; Luck & Hillyard, 1990).  The 

N2pc effect is an increased negativity over posterior scalp contralateral to an attended stimulus, 

typically peaking about 170-270 ms after the onset of that stimulus.  In other words, the ERP at a 

given electrode in the right hemisphere becomes more negative when attention is directed to a 

left-hemifield stimulus (contralateral) than to a right-hemifield stimulus (ipsilateral), and vice 

versa.  The N2pc effect, therefore, can be quantified as the average difference between 

contralateral and ipsilateral voltage.  It can provide both temporal (when) and spatial (where) 

information regarding an attentional shift, and has been widely used as a sensitive and specific 

index of attention capture in recent years (e.g., Eimer & Kiss, 2008; Lien, Croswaite, Ruthruff, 

2011; Lien, Ruthruff, & Cornett, 2010; Lien, Ruthruff, Goodin, & Remington, 2008; Sawaki & 

Luck, 2010).   

In Eimer and Kiss (2007), participants detected infrequent luminance changes in the 

central fixation cross while six faces were presented simultaneously on each side of the fixation 

cross.  One of the faces was an emotional face singleton: one fearful face among 11 neutral 

faces, or one neutral face among 11 fearful faces.  They found that fearful face singletons elicited 

N2pc effects, but less so on luminance change trials compared to no change trials.  While the 

attenuation of N2pc effects was also observed for the neutral face singleton, the N2pc effects 

were reversed in both the luminance change and no change conditions, suggesting that attention 

was allocated to the hemifield opposite to the neutral face singleton, where all 6 faces were 

fearful.  This finding is consistent with the view that fearful faces can capture attention 
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involuntarily even when attention is narrowly focused on a non-emotional target (see also 

Hodsoll et al., 2011; Ikeda et al., 2013).   

Eimer and Kiss (2007) provided provocative evidence for attentional capture by fearful 

faces.  Their finding seems to suggest a parallel search process for facial expressions, leading to 

a pop-out effect (see also Byrne & Eysenck, 1995; Derakshan & Koster, 2010; Öhman, 

Lundqvist, & Esteves, 2001).  Nevertheless, some studies have shown that visual search in face 

displays is typically serial and capacity-limited (e.g., Bindemann, Burton, & Jenkins, 2005; 

Horstmann & Becker, 2008; Nothdurft, 1993).  In particular, Nothdurft found that response time 

(RT) to detect a sad face among several homogeneous happy faces increased as the number of 

faces in the display increased.  Furthermore, in Eimer and Kiss (2007), the target appeared 

rarely, leaving the participants with little to do on most trials, perhaps causing their spatial 

attention to wander around.  Thus, capture by fearful faces may not be fully involuntary (against 

their will) but rather deliberate.  Finally, singletoness and fearfulness were deliberately 

confounded in Eimer and Kiss.  Perhaps the fearful face singleton did not capture attention 

because it was fearful, but rather because it was a singleton.  Note that the fearful face 

presumably stood out against its neighbors because it typically had a much larger mouth and 

eyes.  Eimer and Kiss attempted to address this concern by showing that a neutral face among 

fearful faces did not capture attention (rather, the opposite was true) even though it was also a 

singleton.  Nevertheless, features that are smaller than the neighboring features probably do not 

stand out nearly as well as those that are larger than the neighboring features (e.g., Proulx & 

Green, 2011).  Consistent with this claim, Derakshan and Koster (2010) found faster detection of 

an angry face target when among a background of neutral faces than when among a background 

of happy faces (see also Nothdurft, 1993).  Assuming that angry face features are more similar in 
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size to happy face features (e.g., open mouth) than neutral face features, this finding suggests 

that factors such as distinctive features, rather than just pure capture by emotion, may have 

contributed to Eimer and Kiss’ (2007) findings (see also Fenker et al., 2012).   

Arguably, the conclusion in favor of capture by fearful expressions would be more 

convincing if the fearful face was not a singleton.  Pourtois et al. (2004) appears to provide such 

an example.  They presented two faces – one emotionally salient (either fearful or happy) and 

one emotionally neutral – as irrelevant cues in a cuing paradigm.  These two faces appeared in 

the upper-left and upper-right visual fields for 100 ms.  Between 100 and 300 ms after the offset 

of the faces, a target bar (either horizontal or vertical) appeared in one of the face locations for 

150 ms.  Coincident with target bar onset, either the horizontal or vertical segment of the center 

fixation cross became thicker.  Participants were to press a single key when the orientation of the 

target bar matched the orientation of the thicker segment of the fixation cross (go trials) and to 

withhold the response when they did not match (no-go trials).  The critical manipulation was 

whether the emotionally salient faces (fearful vs. happy) validly cued the target location (50% 

valid vs. 50% invalid).   

Pourtois et al. (2004) were interested in how those face cues would modulate 

performance on the non-emotional target task.  Behavioral RT data on go trials showed a cue 

validity effect for fearful faces but not happy faces, suggesting capture by fearful faces.  They 

also used four ERP indices of attention capture – the C1 (reflecting early V1 activity), P1, N1 

(reflecting early visual processing; Luck, Heinze, Mangun, & Hillyard, 1990; Mangun, 1995; 

Rotshtein et al., 2010), and N170 (reflecting precategorical structural encoding of the faces; e.g., 

Bentin, Allison, Puce, Perez, & McCarthy, 1996).  They found that ERP data time-locked to 

target bar onset on no-go trials revealed a cue validity effect on P1 for the fearful face cue but 
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not for the happy face cue.  Also, ERPs time-locked to face cue onset showed a larger C1 to the 

fearful face than the happy face.  Pourtois et al. concluded that “fearful faces elicit an involuntary 

orienting of spatial attention towards their location” (p. 631).   

Although Pourtois et al.’s (2004) findings are consistent with the claim that fearful faces 

have high attentional priority relative to positive emotional faces and neutral faces, they did not 

provide clear-cut evidence for involuntary capture by fearful faces.  The cue validity effect 

elicited by fearful faces was quite small overall (4 ms, less than 10% of that usually produced by 

relevant cues in previous capture studies).  In addition, the effect was observed only when the 

faces appeared in the right visual field (9 ms) rather than the left visual field (-1 ms).  Note that 

the stimulus onset asynchrony (SOA) between the onset of the faces and the onset of the target 

bar varied from 200 to 400 ms.  Given the long SOA, attention could have shifted strongly to the 

emotionally salient face (either fearful or happy) but then returned to the central fixation before 

the target bar appeared, resulting in little or no cue validity effect.  Such a recovery from an 

attentional shift at SOAs longer than 150 ms was actually reported by Lamy and Egeth (2003), 

who examined capture by a color singleton cue while participants determined whether a target 

shape singleton was an  or an = sign.  Thus, Pourtois et al. (2004) may have underestimated the 

power of capture by the emotionally salient face.  The ERP data, meanwhile, appeared to show 

stronger effects, suggestive of capture by emotion.  At the same time, the enhanced P1 to the 

target bar (or even the enhanced C1 to the fearful face) could reflect perceptual rather than 

attentional influences.  Even if a shift of spatial attention did occur, it is difficult to know when it 

occurred in response to the cue – whether it was a rapid initial involuntary shift or a slow 

voluntary shift – since the ERP activity associated with the P1 effect was time-locked to the 

target not to the cue.  Finally, it is difficult to gauge the strength of capture, because their study 
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did not include a baseline condition known to produce a strong shift of attention.  

The present study addressed the above issues by examining capture by fearful faces using 

the N2pc effect, which is specifically related to shifts of visual/spatial attention, not emotional 

processing (see also Eimer & Kiss, 2007; Shaw, Lien, Ruthruff, & Allen, 2011).  We adopted the 

standard cuing paradigm, which is the reliable workhorse of the attention capture literature (yet, 

rarely utilized in studies of capture by emotion).  In this paradigm, it is possible to change the 

target task to manipulate the task-relevance of the emotional face cues (as shown in the contrast 

between the present Experiments 1 and 2).  Note that this would not be possible in the dot-probe 

paradigm, where face cues are always irrelevant to the detection of the dot (e.g., Holmes, 

Bradley, Nielsen, & Mogg, 2009).  In addition, this paradigm can be used to pit just one fearful 

face cue against one neutral face cue in the cue display, so that the faces cues were not 

singletons, and so that they did not need to simultaneously compete with the target for spatial 

attention.   

Experiment 1 

Experiment 1 examined whether fearful faces, when irrelevant to the task at hand, 

involuntarily capture attention.  The target display had four positions, containing two colored 

letters (one red and one green) and two white letters.  Each participant was asked to look for one 

specific target color (red or green) and then identify the letter drawn in that color.  This color-

search task makes emotions and faces entirely irrelevant, so that any capture by emotion faces 

would clearly represent pure stimulus-driven capture.  

Shortly before this non-emotional target display, the cue display contained one fearful 

face, one neutral face (see Figure 1), and two empty positions.  Thus, the fearful face was never a 

singleton.  In addition to this face cue condition, we included a color cue condition, in which one 
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box changed to the target color (e.g., red) and one changed to a distractor color (e.g., green), and 

the other two remained the same.  There were two main purposes of including the color cues in 

the design.  First, previous studies using a similar paradigm have shown evidence of strong 

capture by target color cues (e.g., Lien et al., 2008, 2010).  Thus, including the color cues would 

allow us to replicate previous studies and ensure that our paradigm is sensitive to attentional 

capture.  Second, and more importantly, it allows us to compare the amount of capture by the 

fearful face (if any) to that produced by a cue known to strongly capture attention.  Such a basis 

for comparison is rarely provided in studies of capture by emotion, making it difficult to assess 

the degree to which emotion captured attention (e.g., was the capture very weak or very strong?).   

The face cue and color cue conditions were intermixed within blocks, so that the results 

would not be confounded by differences in preparation.  The target position was selected 

randomly; in the face cue condition, it could appear at the location of the fearful face, the neutral 

face, or one of the two blank positions.  Thus the cue objects were completely uninformative 

with regard to target position and participants had no incentive to attend toward or away from 

them.  Given four possible target positions, each cue was valid on 25% of the trials and invalid 

on 75% of the trails.  An SOA of 150 ms between onsets of the cue and the target was used so 

that there would not be enough time for an endogenous shift of attention or a saccade to the 

target in response to the cue (e.g., Lamy & Egeth, 2003).  This SOA is ideal for measuring cue 

validity effects elicited by the fearful face cue and the target color cue in the behavioral data.  

The temporal separation also helps to reduce the overlap in the elicited N2pc effects, compared 

to presenting the cue and target at the same time.  A further advantage of presenting the cue by 

itself for the first 150 ms is that it also allows us to assess capture by the cue when it does not 

need to compete for attention with the target.   
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Method 

 Participants.  Twenty-one undergraduate students from Oregon State University 

participated for 2 hours each in exchange for extra course credit.  Data from three participants 

were excluded from the final data analyses due to excessive artifacts in the 

electroencephalographic (EEG) data (see below).  The remaining 18 participants (12 females and 

6 males) had a mean age of 20 years (range: 18-26).  Eight participants responded to the red 

letter and 10 responded to the green letter.  All reported having normal or corrected-to-normal 

acuity.  They also demonstrated normal color vision using the Ishihara Test for color deficiency.   

 Apparatus and Stimuli.  Stimuli, displayed on 19-inch ViewSonic monitors, were viewed 

from a distance of about 55 cm.  Within each trial, three stimulus events were presented in 

succession (see Figure 1): the fixation display, cue display, and target display.  The fixation 

display consisted of a white central plus sign (1.15º width × 1.15º length × 0.31º thick).  The cue 

display consisted of the fixation plus sign and four peripheral boxes (top-left, bottom-left, top-

right, and bottom-right).  Each box was 5.92º × 5.92º, drawn with white thin lines (0.21º).  Each 

peripheral box was equidistant from the fixation plus sign (6.23º, center to center).  Adjacent 

peripheral boxes were separated by 8.17º, center to center.  For 50% of the trials (the color cue 

condition), one peripheral box changed from white to red (CIE [Yxy]: 21.63, 0.62, 0.32), one 

changed from white to green (CIE [Yxy]: 14.67, 0.30, 0.60), and the other two remained white 

(CIE [Yxy]: 100, 0.31, 0.33).  The two colored boxes were always located in opposite 

hemifields.  For the remaining 50% of the trials (the face cue condition), all peripheral boxes 

remained white but two of them were filled with a picture (one with a fearful emotional 

expression and one with a neutral emotional expression).  These two pictures (5.92º width × 

5.92º height) in different genders and emotions were always located in opposite hemifields.  
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There were a total of 32 gray-scale images of faces (16 females and 16 males), with half of the 

images expressing fearful emotion and the other half expressing neutral emotion.  There were 8 

female identities and 8 male identities, each photographed with a fearful emotional expression 

and with a neutral emotional expression.  Each face image repeated 32 times throughout the 

experiment, with the location of the faces being randomly determined.  These face stimuli were 

adopted with permission from the Cohen-Kanade AU-Coded Facial Expression Database 

(Kanade, Cohn, & Tian, 2000)1.  

The target display consisted of the fixation plus sign, four white peripheral boxes, and a 

letter (2.29º width × 2.81º length × 0.52º thick in Arial font) inside each of the four peripheral 

boxes.  Each hemifield (left vs. right) contained one “T” and one “L”.  One letter was red, one 

was green, and the other two were white, with the restriction that the red and green letters were 

always located in different hemifields.  Participants were randomly assigned to always look for 

green target letters or to always look for red target letters.  

Design and Procedure.  As shown in Figure 1, each trial started with the presentation of 

the fixation display for 1,000 ms.  The cue display then appeared for 125 ms.  Then, 25 ms after 

the offset of the cue display, the target display appeared for 50 ms.  Thus, the interval between 

the onset of the cue display and the onset of the target display was 150 ms.  The participants’ 

task was to indicate whether the letter in the target color was a T or L by pressing the leftmost 

response-box button with their left-index finger for the letter “L” and the rightmost button with 

their right-index finger for the letter “T”.  Feedback (a tone for an incorrect response or the 

fixation display for a correct response) was presented for 100 ms.  The next trial then began with 

the 1,000-ms fixation display.  Participants performed one practice block of 24 trials, followed 

by 16 experimental blocks of 64 trials each (a total of 1,024 experimental trials).  The color cue 
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condition (50% of the trials) and the face cue condition (the other 50% of the trials) were 

randomly intermixed within blocks, with the restriction that each occurred equally often.     

The cue (the fearful face cue in the face cue condition and the target color cue in the color 

cue condition) and the target locations were randomly determined with each of the four locations 

being equally probable.  Thus, the cue location was the same as the target location for 25% of the 

trials (the valid condition) and different for the remaining 75% of the trials (the invalid 

condition).  In other words, the cue location did not predict the target location.  Although this 

validity distinction is critical in the behavioral analyses to measure the cue validity effect, it is 

not used when measuring the N2pc effect to the cue location; the N2pc effect in response to the 

cue can be assessed both for valid and invalid trials (see below for details).   

 EEG Recording and Analyses.  The EEG activity was recorded from F3, F4, C3, C4, T7, 

T8, P3, P4, P5, P6, PO5, PO6, O1, and O2.  These sites and the right mastoid were recorded in 

relation to a reference electrode at the left mastoid.  The ERP waveforms were then re-referenced 

offline to the average of the left and right mastoids.  The horizontal electrooculogram (HEOG) 

was recorded bipolarly from electrodes at the outer canthi of both eyes, and the vertical 

electrooculogram (VEOG) was recorded from electrodes above and below the midpoint of the 

left eye.  Electrode impedance was kept below 5 kΩ.  EEG, HEOG, and VEOG were amplified 

using Synamps2 (Neuroscan) with a gain of 2,000 and a bandpass of 0.1-50 Hz.  The amplified 

signals were digitized at 500 Hz.       

Trials with artifacts were identified in two steps.  First, trials with artifacts were rejected 

automatically using a threshold of  75µV for a 1,000 ms epoch beginning 200 ms before cue 

onset and ending 800 ms after cue onset.  Each of these candidate artifact trials was then 

inspected manually.  Second, we computed average HEOG waveforms for the left-target and 



                                                                                  Attentional Capture by Fearful Emotion     13     
        

right-target trials, separately, to determine for each participant whether the eyes tended to move.  

We included in the data analyses only participants whose average HEOG activity was less than  

3µV during the critical time windows (170-270 ms and 350-450 ms after cue onset; Lien et al., 

2008).  Three of the original 21 participants were eliminated because of artifact rejection on 

more than 25% of trials.   

The critical question we asked is whether the cue (the target color cue or the fearful face 

cue) itself would capture attention and produce an N2pc effect.  Data were analyzed using three 

different electrode sites (the P5/P6, O1/O2, and PO5/PO6 electrodes).  To quantify the overall 

magnitude of the N2pc effect, we focused on the time window in which cues normally produce 

an N2pc effect in previous studies (170-270 ms after cue onset, Luck & Hillyard, 1990; see also 

Eimer & Kiss, 2007, for an example using fearful face cues).  Specifically, the N2pc effect was 

measured as the mean amplitude during this time window for the electrode site contralateral to 

the cue location (e.g., the P5 electrode when the cue was in the right hemifield) minus the mean 

amplitude for the electrode site ipsilateral to the cue location (e.g., the P6 electrode when the cue 

was in the right hemifield), relative to the mean amplitude during a 200 ms pre-cue baseline 

period.  The N2pc effect (the average value of the difference waveform) was submitted to an 

analysis of variance (ANOVA). 

Although our experimental logic relies on the cue-elicited N2pc effect, we also reported 

the target-elicited N2pc effect for the sake of completeness.  In the target-elicited N2pc data 

analyses, we focused on the time window in which the target should produce an N2pc effect 

(350-450 ms after cue onset, which translates to 200-300 ms after target onset).  This time 

window has often been used to assess the N2pc effect for target letters in previous cuing studies 

(e.g., Lien et al., 2008, 2010).  To simplify the data presentation and ensure consistency with the 
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result figures, we analyzed the target-elicited N2pc effect with respect to the cue location (rather 

than the location of the target itself; see Lien et al., 2008).  When the cue and the target are in the 

same hemifield, the target-elicited N2pc effect should have the same direction as the cue-elicited 

N2pc effect (i.e., negative voltage).  When they are in different hemifields, however, the target-

elicited N2pc effect should have the opposite polarity to that of the cue-elicited N2pc effect (i.e., 

positive voltage).   

Results 

We excluded trials from the final analyses of behavioral data (RT and PE) and ERP data 

if RT was less than 100 ms or greater than 2,000 ms (0.08% of trials)2.  Rejection of trials with 

EEG artifacts led to the further elimination of 8% of trials, with no more than 22% rejected for 

any retained participant.  Trials were also excluded from the RT and ERP analyses if the 

response was incorrect.  An alpha level of .05 was used to ascertain statistical significance.  

Whenever appropriate, p-values were adjusted using the Greenhouse-Geisser epsilon correction 

for nonsphericity. 

Behavioral Data Analyses   

Although our experimental logic relies primarily on electrophysiological measures, we 

also looked for converging evidence in the behavioral data.  Specifically, capture to the cue 

location should result in faster RT and/or lower PE when the upcoming target appeared in the 

same location as the cue (valid trials) than when it did not (invalid trials).  Thus, the behavioral 

data were analyzed as a function of group (red vs. green target colors; a between-subject 

variable), cue type (color cue vs. face cue; a within-subject variable), and cue validity (valid vs. 

invalid; a within-subject variable).  Table 1 shows the mean RT and PE for each of these 

conditions, averaged across the two groups.   
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Mean RT was 23 ms shorter for the color cue condition than the face cue condition, F(1, 

16) = 48.15, p < .0001, 2
p = .75; this likely reflects greater forward masking effects from the 

face cues.  The overall cue validity of 17 ms was significant, F(1, 16) = 36.13, p < .0001, 2
p = 

.69.  The validity effect was larger for the green target group (22 ms) than the red target group 

(10 ms), F(1, 16) = 4.91, p < .05, 2
p = .23.  Critically, the cue validity effect was large and 

positive for the color cue condition (95% confidence interval: 59±10 ms) but was reversed for 

the face cue condition (-25±9 ms), F(1, 16) = 138.45, p < .0001, 2
p = .90.  Further t-test 

analyses revealed that both effects were significantly different from zero, |ts(17)| ≥ 5.92, ps 

<.0001.  Note that the target letter appeared equally often in the fearful face cue location, the 

neutral face cue location, and the other two locations, which were empty.  To equate forward 

masking across conditions, we analyzed data including only the trials in which the target 

appeared at the location of a fearful face (valid fearful face cue but invalid neutral face cue) or a 

neutral face (valid neutral face cue but invalid fearful face cue).  Results showed that the cue 

validity effect was essentially zero (95% confidence interval: -4±8 ms), F < 1.0.     

PE was .018 higher for the face cue condition (.059) than the color cue condition (.041), 

F(1, 16) = 14.02, p < .01, 2
p = .47.  As in the RT analyses, the cue validity effect was positive 

for the color cue condition (.015±.009) but was negative for the face cue condition (-.014±.018), 

F(1, 16) = 7.47, p < .05, 2
p = .32.  Further t-test analyses revealed that the cue validity effect 

was significant for the color cue condition, t(17) = 3.33, p < .01, but not for the face cue 

condition, t(17) = -1.67, p = .1139.  As in the RT analyses, we analyzed error data including only 

conditions in which the target appeared at the location of a fearful face or neutral face, to 

equalize forward masking across conditions.  The cue validity effect for the fearful face was still 

not significant (95% confidence interval: .004±.018), F < 1.0.  No other effects were significant.  
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ERP Data Analyses   

Figure 2 shows the N2pc effect for the P5/P6, O1/O2, PO5/PO6 electrode sites, as well as 

the pooled data from these electrode sites, averaged across the groups.  We analyzed the N2pc 

effect over two different time windows: 170-270 ms after cue onset (to assess the cue-elicited 

N2pc effect) and 350-450 ms after cue onset (to assess the target-elicited N2pc effect).  Both the 

cue-elicited and target-elicited N2pc effects were analyzed as a function of group (red vs. green), 

cue type (color cue vs. face cue), cue/target spatial relationship (same hemifield vs. different 

hemifields), and electrode site (P5/P6, O1/O2, vs. PO5/PO6).    

Cue-Elicited N2pc Effects.  The cue-elicited N2pc effect was larger for the target color 

cue (-0.668 V) than for the fearful face cue (0.019 V), F(1, 16) = 46.79, p < .0001, 2
p = .75.  

Further t-test analyses revealed that the N2pc effect was significantly different from zero for the 

target color cue, t(17) = -6.44, p < .0001, but not for the fearful face cue, t < 1.0.  Thus, we did 

not find any evidence that the fearful face cue can capture attention.  The difference in the N2pc 

effect between these two cue types was more pronounced for the target red group (-0.934 V and 

0.107 V for the color cue and the fearful face cue, respectively) than for the target green group 

(-0.456 V and -0.051 V for the color cue and the fearful face cue, respectively), F(1, 16) = 

9.05, p < .01, 2
p = .36.  The N2pc effect was larger at the electrode sites P5/P6 (-0.441 V) and 

PO5/PO6 (-0.311 V) than at the electrode sites O1/O2 (-0.222 V), F(2, 32) = 3.87, p < .05, 2
p 

= .19.  No other effects were significant. 

Target-Elicited N2pc Effects.  The target-elicited N2pc data do not provide a test of our 

main hypothesis, but are included for the sake of completeness.  Also note that, because we 

defined the N2pc effect with respect to the cue location in the N2pc figures and in the analyses 

above, we will continue do so in the target analyses.  Thus, the direction of the target-elicited 
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N2pc effect should depend critically on whether the cue and target appeared in the same or 

different hemifield (see also Lien et al., 2008).   

The ANOVA revealed that the main effect of cue/target spatial relationship was 

significant, F(1, 16) = 71.75, p < .0001, 2
p = .82; as expected, the target-elicited N2pc effect 

was negative when the target was in the same hemifield as the cue (-0.854 V) but was positive 

when the target was in the opposite hemifield (1.240 V).  The overall N2pc effect was more 

positive for the P5/P6 and PO5/PO6 electrode sites (0.286 V and 0.249 V, respectively) than 

the O1/O2 electrode sites (0.044 V), F(2, 32) = 3.52, p < .05, 2
p = .18.  The pattern described 

above – negative target-elicited N2pc effects for the same hemifield and positive target-elicited 

N2pc effects for different hemifields – was more notable for the electrode sites P5/P6 (-1.057 V 

vs. 1.628 V for same vs. different hemifields, respectively) and PO5/PO6 (-0.915 V and 1.413 

V) than the electrode sites O1/O2 (-0.590 V and 0.678 V), F(2, 32) = 14.16, p < .0001, 2
p = 

.47.  The target-elicited N2pc effect was more positive at the electrode sites P5/P6 (0.457 V) 

than the electrode sites O1/O2 (-0.078 V) and PO5/PO6 (0.227 V) for the color cue condition 

but was similar across all electrode sites for the face cue condition (0.114 V, 0.166 V, and 

0.271 V, respectively), F(2, 32) = 5.45, p < .05, 2
p = .25.  No other effects were significant.  

Discussion 

In Experiment 1, we examined whether fearful faces capture attention even when they are 

not task relevant.  Participants were instructed to look for a target letter in a predetermined color.  

We adopted a cuing paradigm with two different types of cues: (a) target-color cues, always 

pitted against a distractor-color cue located in the opposite hemifield, and (b) fearful face cues, 

always pitted against a neutral face cue located in the opposite hemifield.  Consistent with 

previous attentional capture studies (e.g., Lien et al., 2008), the target color cue produced a large 
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cue validity effect on RT (59±10 ms) and PE (.015±.009), as well as a substantial N2pc effect (-

0.668±0.219 V).  In contrast, the fearful face cue produced no cue validity effect on RT (-4±8 

ms after equating forward masking) or PE (.004±.018), suggesting that fearful faces did not 

receive attentional priority over neutral faces.  The most important finding of the present study is 

that the fearful face also did not elicit an N2pc effect (95% confidence interval: 0.019±0.142 

V).  This is not merely a null effect since the data are precise enough to argue against even a 

small N2pc effect.  Even at the upper bound allowed by the 95% confidence interval (-0.123 

V), the N2pc effect would still be only about 18% of the mean N2pc effect produced by the 

target color cue (-0.668 V).  These ERP data, combined with the absence of a cue validity 

effect in the behavioral data, indicate little or no involuntary capture by fearful faces that are 

unrelated to the top-down task set (in this case, looking for a letter in a specific color).   

Experiment 2 

Our Experiment 1 suggested that fearful faces have little or no pull on spatial attention 

when they are irrelevant to the task.  One could argue, however, that the lack of capture by 

fearful faces in Experiment 1 was due merely to the relative short cue presentation time (125 ms, 

unmasked).  Some earlier studies have argued that conscious affective evaluation (e.g., noticing 

the potential danger) takes about 200 ms to complete (~210-230 ms), occurring later than 

semantic categorization (~180-200 ms; e.g., recognizing the object as a snake; Nummenmaa, 

Hyönä, & Calvo, 2010; see also Schyns, Petro, & Smith, 2009; Streit, Wölwer, Brinkmeyer, Ihl, 

& Gaebel, 2000).  It also worth noting that some previous studies that did find capture by 

emotional faces used relatively long exposures of the faces.  For instance, Holmes et al. (2009) 

used a dot-probe paradigm where one emotional face (angry or happy) and one neutral face were 

presented side-by-side for 500 ms, followed by a probe stimulus consisting of an up- or down-
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pointing arrow appearing in either face location.  They found (a) faster RT to probes that 

appeared in the emotional face location, and (b) an N2pc effect in response to emotional faces, 

suggesting attentional bias towards emotion.     

Although Holmes et al.’s (2009) findings seem to imply that facial expressions are 

processed and can capture attention with a relative long presentation, it does not necessarily 

indicate that they cannot be registered with a short presentation.  In fact, some studies have 

suggested that emotional facial expressions can be registered even when the faces were presented 

very briefly (e.g., 30 to 80 ms, for reviews see e.g., Palermo & Rhodes, 2007, Table 1; Zald, 

2003).  Indeed, Pessoa, Japee, and Ungerleider (2005) have found that participants could reliably 

detect fearful faces even when the faces were presented for 83 ms, or even only 33 ms, followed 

by a mask.  Meanwhile, our stimuli were presented for 125 ms and were not masked for another 

25 ms (and then were masked only weakly by the letters of the target display).  Even if it is the 

case that emotional processing is somewhat slow, the face did have a 150-ms head start relative 

to the target in Experiment 1, so there would still appear to be ample opportunity for the face to 

capture attention before the target captured attention 

Although we believe that our conditions provided ample opportunity for emotional 

expressions to be detected and to control attention, Experiment 1 provides no direct evidence.  

Therefore, Experiment 2 was designed to explicitly test whether fearful faces failed to capture 

attention in Experiment 1 because they were not task-relevant (as assumed by the contingent 

capture view), or because the exposure duration was too short.  To do so, we adopted the face 

cue condition from Experiment 1, with the same 125-ms exposure duration (unmasked), but 

changed the task performed on the target.  Specifically, all participants were asked to look for a 

fearful target face and determine the gender of the face, while ignoring the distractor face with a 
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neutral expression.  Therefore, in the present Experiment 2, the fearful face cue matched the 

attentional control setting used to find the target.  According to the contingent capture view, this 

fearful face cue should now capture attention and produce an N2pc effect, provided that the 

somewhat brief exposure is not an obstacle. 

Method 

 Participants.  There were 18 new participants, drawn from the same participant pool as in 

Experiment 1.  Two participants’ data were excluded because their EEG artifact rejection rate 

exceeded 25% of trials.  Therefore, data from 16 participants (10 females), mean age of 20 years 

(range: 18-22), were included in the final data analyses.  All reported having normal or 

corrected-to-normal acuity.   

 Apparatus, stimuli, and procedure.  The tasks, stimuli, and equipment were the same as in 

Experiment 1, except for the following changes.  First, only the face cue condition from 

Experiment 1 was used.  Second, the target display contained two pictures (one fearful and one 

neutral) with different genders, which were always located in opposite hemifields.  The cue and 

target faces always had different identities.  Third, we left the target faces on the screen until a 

response; the 50-ms exposure used for letter stimuli in Experiment 1 would have produced poor 

performance.  Note, however, that the presentation of the face cues was exactly the same as in 

Experiment 1 (125 ms).  Participants were instructed to look for fearful face targets and report 

the gender by pressing the leftmost response-box button for male faces and the rightmost 

response-box button for female faces.  As in Experiment 1, the fearful face cue location did not 

predict the target fearful face location (25% valid vs. 75% invalid).   

Results 

The data analysis was similar to that of Experiment 1.  Application of the RT cutoff 
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(<100 ms or >2,000 ms) eliminated 0.9% of trials.  Rejection of trials with EEG artifacts led to 

the further elimination of 4% of trials, with no more than 11% rejected for any individual 

participant. 

Behavioral Data Analyses   

The behavioral data were analyzed as a function of fearful face cue validity (valid vs. 

invalid).  Table 2 shows the mean RT and PE for these conditions.  The cue validity effect on RT 

was very small (95% confidence interval: 2±11 ms), F <1.0.  As in Experiment 1, we conducted 

a further analysis on data restricted to conditions in which the target appeared at the location of a 

fearful face (valid fearful face cue but invalid neutral face cue) or a neutral face (valid neutral 

face cue but invalid fearful face cue) to equalize forward masking across conditions.  The cue 

validity effect was numerically larger (8±12 ms) than in Experiment 1, but was still not 

significant, F(1, 15) = 2.13, p = .1651, 2
p = .12.     

As in the RT analyses, the cue validity effect on PE was not significant (.001±.010), F 

<1.0.  A further analysis restricted to trials where the target appears at the location of a fearful 

face (valid fearful face cue but invalid neutral face cue) or a neutral face (valid neutral face cue 

but invalid fearful face cue) revealed a significant cue validity effect (.012±.009), F(1, 15) = 

7.59, p = .0148, 2
p = .34.      

ERP Data Analyses   

The N2pc effect was analyzed as a function of cue/target spatial relationship (same 

hemifield vs. different hemifields), and electrode site (P5/P6, O1/O2, vs. PO5/PO6).  Figure 3 

shows the N2pc effect for the P5/P6, O1/O2, PO5/PO6 electrode sites, as well as the pooled data 

from these electrode sites.  For comparison, the same time windows as Experiment 1 were used 

for the cue-elicited N2pc (170-270 ms) and the target-elicited N2pc (350-450 ms)3.  
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Cue-Elicited N2pc Effects.  Neither the main effects nor the interaction between 

cue/target spatial relationship and electrode site was significant, Fs <1.0.  To critically examine 

whether the N2pc effect elicited by the fearful face was significantly different from zero, we 

conducted further t-test analyses.  The N2pc effect was significantly different from zero for the 

same cue/target hemifield condition (-0.197 V), t(15) = -4.14, p < .001, and for the different 

cue/target hemifield condition (-0.207 V), t(15) = -2.33, p < .05, suggesting capture by the 

fearful face cue.   

Target-Elicited N2pc Effects.  Again, the target-elicited N2pc data do not provide a test 

of our main hypothesis, but are included for the sake of completeness.  The target-elicited N2pc 

effect revealed a main effect of cue/target spatial relationship, F(1, 15) = 36.10, p < .0001, 2
p = 

.71; as expected, the effect was negative when the target was in the same hemifield as the cue (-

0.238 V) but was positive when the target was in the opposite hemifield (0.596 V).  Further t-

test analyses revealed that the N2pc effect was significantly different from zero for the different 

hemifield condition, t(15) = 4.59, p < .001, and was marginally significant for the same 

hemifield condition, t(15) = -2.00, p = .0636.  The negative target-elicited N2pc effects for the 

same hemifield and positive target-elicited N2pc effects for different hemifields were larger for 

the electrode sites P5/P6 (-0.292 V and 0.762 V for same and different hemifields, 

respectively) and PO5/PO6 (-0.279 V and 0.704 V) than the electrode sites O1/O2 (-0.145 V 

and 0.324 V), F(2, 30) = 6.17, p < .01, 2
p = .29.  

Discussion 

Experiment 2 was designed to determine whether the lack of capture by fearful faces in 

Experiment 1 was due to the fact that they did not match the participants’ attention control 

setting or due to the relatively short cue presentation time (125 ms).  We made emotional faces 
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relevant to the task while keeping the face cue presentation time the same as in Experiment 1.  

Participants looked for a fearful face target and determined its gender.  

Although the cue validity effect on RT was relatively small and non-significant (8±12 ms 

after equalizing forward masking), the effect on PE was significant.  The N2pc data further 

confirmed the capture by fearful face cues, showing significant N2pc effects during the 170-270 

ms time window (average across same and different hemifields: -0.202±0.109 V).  Thus, we 

found evidence for capture by fearful faces when they were related to the top-down task set (i.e., 

looking for a fearful face).   

One noteworthy finding from this experiment concerns the duration of the N2pc effect 

elicited by the emotional face cue.  Whereas in previous captures, mostly focusing on capture by 

colored objects (as in the target-color cue condition of Experiment 1), the N2pc typically begins 

about 170 ms after stimulus onset and then approaches zero about 270 ms after stimulus onset.  

In the present face cue condition, the effect began a bit later and lasted much longer (roughly 

200-350 ms after stimulus onset; for a similar finding with face stimuli, see Shaw et al., 2011).  

The measured N2pc effects would have been even stronger had we shifted the time window to 

cover this range (see Footnote 3).  This temporal difference likely indicates that it generally takes 

somewhat longer to extract emotion from a face than it does to extract color from an object.  

There might also be more temporal variation from trial-to-trial, due to variation in the facial 

characteristics. 

The present results also provide three important insights.  First, facial expressions can be 

registered even with a short presentation time (125 ms, as in Experiment 1).  Second, the 

between-experiment comparison on the N2pc effect elicited by the fearful face cue revealed a 

significant difference between Experiments 1 and 2, t(32)=2.56, p =.0152.  Thus, the lack of 
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capture by fearful face cues in Experiment 1 was not due to the short presentation time but rather 

due to their inability to attract spatial attention when irrelevant to the task.  Third, the ERP data 

(i.e., N2pc effects) were more sensitive to the capture by fearful faces than the behavioral data 

(i.e., cue validity effects on RT).  Note that capture occurring during cognitive processes will not 

necessarily have a strong impact on overt behavior, for example when the capture is short-lived 

and spatial attention can be shifted back quickly to the neutral position before the target appears.  

It is unclear whether attention re-orientation is the primary cause of the small cue validity effect 

on RT observed in Experiment 2, since the SOA was only 150 ms and it takes time to extract 

emotion from a face.  Nevertheless, the behavioral data are the end result of a series of cognitive 

processes (not just the shift of spatial/visual attention that is the subject of investigation), each of 

which contributes noise.  The N2pc difference wave in the ERP data, meanwhile, specifically 

measures the impact of attentional shifts.  Thus, ERP measures can reveal clear evidence of 

mental processes (capture of spatial attention, in this case) when behavioral data do not (see 

Vogel, Luck, & Shapiro, 1998, for an excellent example of this point).  

General Discussion 

 Some electrophysiological studies have reported that fearful faces involuntarily pull 

attention even when they are irrelevant to the current task set (e.g., Eimer & Kiss, 2007; Pourtois 

et al., 2004).  As discussed earlier, there is reason for skepticism.  Some studies employed either 

indirect measures of attentional capture (e.g., overall ERP components such as the P1, N1, and 

N170), while others employed designs that introduced possible confounds (e.g., between 

singletoness and fearfulness).  To address these concerns, the present study therefore used (1) an 

ERP component that offers a direct measure of attentional capture (i.e., the N2pc effect), (2) a 

well-established cuing paradigm, designed to assess capture by cues that do not need to compete 
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with targets for attentional resources, and (3) non-singleton cue displays containing either two 

faces or two color cues.   

 In Experiment 1, we included both color cue trials and face cue trials.  In the color cue 

trials, the target-color cue (e.g., red) was always pitted against a distractor-color cue (e.g., green) 

located in the opposite hemifield.  Likewise, in the face cue trials, the fearful face was always 

pitted against a neutral face in the opposite hemifield.  This design served not only to ensure that 

the cues were non-singletons but also to equalize the stimulus energy between hemifields, so that 

any N2pc effects could be attributed to differential attentional allocation (rather than sensation 

and perception).  Another important aspect of our design in Experiment 1 was that the target was 

always a non-singleton color letter (e.g., the target display included one red, one green, and two 

white letters).  Thus, establishing a strong top-down task set for a specific target color was 

necessary to perform the task correctly.  Capture by fearful faces with absolutely no overlap with 

target features would strongly support the claim that capture by fearful faces is purely stimulus-

driven, not contingent on top-down control settings.    

The target color cue produced a large cue validity effect (59±10 ms on RT and .015±.009 

on PE) and a substantial N2pc effect (-0.668±0.219 V).  These findings suggest that non-

informative non-target objects (such as those in the cue display) can elicit involuntary attentional 

capture when they possess features defining the target.  For the fearful face cues, however, 

produced neither a cue validity effect (-4±8 ms on RT and .004±.018 on PE after equalizing 

forward masking) nor an N2pc effect (0.019±0.142 V). 

Experiment 2 evaluated the conclusion that fearful faces failed to capture attention 

because they were irrelevant to the task, rather than because of the relatively short presentation 

time (125 ms).  We included only the face cue condition from Experiment 1, using the exact 
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same stimulus timing.  However, we used faces as targets (one fearful and one neutral in each 

target display) and had participants performed a gender task on the fearful face target.  This 

design ensured that the fearful face was relevant to the task and was not a singleton.  When 

forward masking was taken into account, a significant cue validity effect on PE (.012±.009) and 

a small, albeit non-significant, cue validity effect on RT (8±12) was observed.  Even more 

critically, the fearful face cue produced a significant N2pc effect.  Thus, we found evidence that 

fearful faces receive privileged access to spatial attention over neutral faces only when they 

match the top-down task set (i.e., when participants are looking for a fearful face). 

 The conclusion from the present study – that fearful facial expressions (relative to neutral 

facial expressions) do not have the inherent power to capture spatial attention – might seem to 

contrast with some previous studies showing an enhancement of visual processing of emotionally 

salient stimuli over emotionally neutral stimuli (e.g., Eimer & Kiss, 2007; Ikeda et al., 2013; 

Pourtois et al., 2004).  It is possible that some discrimination of emotional faces occurs 

preattentively but emotionally salient stimuli do not capture attention to themselves (e.g., Fox et 

al., 2000).  Consistent with this claim, other studies have argued that while those emotionally 

salient stimuli (especially anger-related faces) do not capture attention to their locations more 

strongly than neutral faces, they do somehow slow disengagement of attention from their 

location (e.g., Belopolsky, Devue, & Theeuwes, 2011; Fox, Russo, Bowles, & Dutton, 2001; 

Georgiou et al., 2005; Holmes et al., 2009).  For instance, Fox et al. (2001) used a cuing 

paradigm in which word cues (positive, threat, and neutral emotional words) or face cues 

(positive, angry, and neutral faces) appeared prior to the target circle, presented to the left or 

right side of the fixation.  Those cues either validly or invalidly cued the target location.  They 

found that threat words and angry faces slowed responses to targets on invalid trials, relative to 
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happy or neutral stimuli, for the high state-anxious participants.  These findings suggest that 

participants had difficulty disengaging their attention from the threat words and angry faces and 

reorienting to the subsequent target location.  Belopolsky et al. (2011) had participants determine 

whether the centrally-located face was tilted to the left or right and make a subsequent saccadic 

movement to the box in that direction.  Saccadic latency was longer for the angry face than the 

other faces when upright, but not when inverted.  Further evidence supporting the claim of 

delayed disengagement from negative emotional stimuli comes from Holmes et al.’s (2009) ERP 

study.  They showed that emotional faces, especially angry faces, elicited a large sustained 

posterior contralateral negativity (SPCN; occurring around 300-650 ms after stimulus onset), 

which has been associated with sustained attention and maintenance of visual information in 

short-term memory. 

Although previous studies have supported the delayed attention disengagement view for 

angry faces, it is not clear whether attention disengagement also occurs for other negative 

emotions, such as fear.  Both the present behavioral and EEG data suggest that fearful emotion 

expressions do not delay attention disengagement.  First, the delayed disengagement view would 

predict large cue validity effects on RT for fearful faces (due to relatively slow disengagement 

from the wrong location in the invalid trials; Fox et al., 2001).  Even though there was evidence 

for capture by fearful faces in the ERP data (Experiment 2), the cue validity effect on RT was 

relatively small.  Second, the delayed disengagement hypothesis predicts a relatively small N2pc 

effect by the upcoming target in the same location as the fearful face cue, because attention has 

already been allocated to that location.  Inconsistent with this prediction, the target-elicited N2pc 

effect in Experiment 1 was similar when targets appeared in the same hemifield as the cues, for 

both fearful face cues and target color cues trials (-0.812 V and -0.897 V, respectively), F < 
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1.0.  Thus, we found no evidence that fearful emotion expressions hold attention, unlike what has 

been found for angry facial expressions in earlier studies.  Nevertheless, it remains possible that 

attention disengagement is delayed for fearful faces under different conditions (e.g., a long 

presentation time) than what we tested in the present study.    

 It is also worth noting that, in addition to task relevance (examined in the present study), 

other factors might be important determinants of whether fearful faces capture attention.  For 

instance, longer exposure durations might enhance perceptual and semantic processing of fearful 

face cues, enabling the representations to exceed the threshold required to trigger attentional 

capture.  Presenting the stimuli closer to eye fixation might produce a similar effect.  Future 

studies could investigate these possibilities using the N2pc effect.  It will be necessary, however, 

to ensure that any slow-developing attentional shifts are indeed involuntary rather than 

voluntary. 

In sum, the present study demonstrates that a major determinant of capture by fearful 

faces is task relevance.  The sharp contrast in the cue validity effect and N2pc effect between the 

target color cue and the fearful face cue in Experiment 1, as well as between the (irrelevant) 

fearful face in Experiment 1 and the (relevant) fearful face in Experiment 2, suggests that 

emotionally salient objects do not capture attention when they bear no resemblance to what 

people are looking for at a given moment.  Furthermore, the findings of the present ERP study 

add to the mounting evidence (for reviews, see Palermo & Rhodes, 2007; Zald, 2003) that facial 

expressions can be processed and registered despite relatively brief presentation (125 ms in our 

Experiment 2).  Lastly, our study also provides further evidence that ERP measures offer a 

sensitive, detailed, and direct measure of the allocation of spatial attention, revealing evidence of 

capture even when overt behavioral measures are inconclusive.    
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Footnotes 

1. One could argue that differential luminance or contrast energy characteristics of the faces in 

different emotional categories could affect the results.  Although this is logically possible, it 

could not easily explain the absence of capture by fearful faces in Experiment 1 but the 

presence of capture by fearful faces in Experiment 2, given that the same pictures were used 

in both experiments. 

2. The RT rejection criteria we used were identical to our previous cuing studies using similar 

target letters (e.g., Lien et al., 2008, 2010).  We have reanalyzed the data using the criteria 

suggested by Ulrich and Miller (1994), which is excluding only 0.5% of the data to avoid 

biases.  The results were similar to the ones we reported here.   

3. A dual-task study by Shaw et al. (2011) showed that the time window for the N2pc effect 

elicited by the relevant facial expression (200-400 ms after stimulus onset) was longer than 

the typical time window (170-270 ms) for simple objects such as letters.  Therefore, in 

addition to the time windows we used in Experiment 1, we also used a later and longer-than-

average time window to assess both cue and target N2pc effects (200-350 ms vs. 400-600 

ms, respectively).  These time windows also corresponded to the visual inspection of the 

peak of N2pc effects shown in Figure 3.  Similar findings were observed.  The cue-elicited 

N2pc effect was significantly different from zero for both same and different hemifield 

conditions, |ts(15)| ≥ 4.87, ps < .0001.  The target-elicited N2pc effect was significantly 

different from zero for both conditions, |ts(15)| ≥ 7.07, ps < .0001.   
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Table 1. 

Mean Response Times (RT) in Milliseconds and Proportion of Errors (PE) as a Function of Cue 

Type (Target Color vs. Fearful Face) and Cue Validity (Valid vs. Invalid) in Experiment 1.   

Cue Type 
Cue Validity  

Cue Validity Effect 
Valid Invalid 

RT 

Target Color 490 (16) 549 (19) 59 (5) 

Fearful Face 555 (17) 530 (15) -25 (4) 

PE 

Target Color .034 (.006) .049 (.007) .015 (.004) 

Fearful Face .066 (.011) .052 (.006) -.014 (.009) 

 
Note: The standard error of the mean is shown in parentheses.  
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Table 2. 

Mean Response Times (RT) in Milliseconds and Proportion of Errors (PE) as a Function of Cue 

Validity (Valid vs. Invalid) in Experiment 2.   

 
Cue Validity  

Cue Validity Effect 
Valid Invalid 

RT 785 (29) 787 (28) 2 (5) 

PE .070 (.010) .071 (.009) .001 (.004) 

 
Note: The standard error of the mean is shown in parentheses.  
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Figure Captions 

Figure 1.  An example event sequence for both (A) the color cue trial and (B) the face cue trial.  

In the real experiment, the color cues in the cue display and the letters in the target display were 

colored.  In this example, participants were instructed to respond to the red letter.  In the target 

display, the top-left letter “L” was red, the top-right letter “T” was green, and the other two 

letters were white.  In the cue display of (A), the top-left box was red, the top-right box was 

green, and the other boxes were white.  

Figure 2.  Grand average N2pc difference waveforms, calculated by subtracting activity in 

electrode sites ipsilateral to the cue location (the target color cue in the color cue trials and the 

fearful face cue in the face cue trials) from activity in electrode sites contralateral to the cue 

location at the P5/P6, O1/O2, and PO5/PO6 electrode sites in Experiment 1.  In addition, pooled 

data were obtained by averaging the N2pc difference waveforms across all three electrode pairs.  

Data are plotted as a function of whether the cue and the target were in the same hemifield or 

different hemifields.  The unfilled rectangular boxes indicate the time window used to assess the 

N2pc effect: 170-270 ms after cue onset (for the cue-elicited N2pc effect) and 350-450 ms after 

cue onset (for the target-elicited N2pc effect).  Negative is plotted upward and time zero 

represents cue onset.   

Figure 3.  Grand average N2pc difference waveforms, calculated by subtracting activity in 

electrode sites ipsilateral to the fearful face cue location from activity in electrode sites 

contralateral to the fearful face cue location at the P5/P6, O1/O2, and PO5/PO6 electrode sites.  

In addition, pooled data were obtained by averaging the N2pc difference waveforms across all 

three electrode pairs.  Data are plotted as a function of whether the fearful face cue and the 

fearful face target were in the same hemifield or different hemifields.  The unfilled rectangular 
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boxes indicate the time window used to assess the N2pc effect: 170-270 ms after cue onset (for 

the cue-elicited N2pc effect) and 350-450 ms after cue onset (for the target-elicited N2pc effect).  

It should be noted that these two time windows did not capture the peaks of the N2pc effect.  

Therefore, alternative time windows (200-350 ms for cue and 400-600 ms for target) were used 

in the analyses in addition to the original time windows (see Footnote 3).  Negative is plotted 

upward and time zero represents cue onset.   
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