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Abstract

The emotional attentional blink (EAB) refers to a temporary impairment in the ability to identify a target when it is preceded by an

emotional distractor. It is thought to occur because the emotional salience of the distractor exogenously captures attention for a

brief duration, rendering the target unattended and preventing it from reaching awareness. Here we tested the extent to which the

EAB can be attenuated by inducing a diffuse top-down attentional state, which has been shown to improve target identification in

an analogous attentional phenomenon, the attentional blink. Rapid sequences of landscape images were presented centrally, and

participants reported the orientation of a ± 90° rotation of a landscape target. To induce a diffuse state of attention, participants

were given a secondary task of monitoring for the appearance of a colored dot in the periphery. We found that emotional

distractors impaired target recognition performance to comparable extents, regardless of whether or not participants concurrently

performed the peripheral-monitoring task. Moreover, we found that performance of the secondary task led to an impaired ability

to ignore neutral distractors. Subjective ratings of target vividness mirrored the behavioral accuracy, with frequent reports of

intermediate levels of vividness suggesting that the EAB might impair target visibility in a graded manner. Our results demon-

strate that the EAB is robust to manipulations of top-down attention, suggesting that the temporary capture of attention by

emotionally salient stimuli involves processes that are distinct from those that produce the attentional blink.
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To cope with the constant bombardment of excess visual infor-

mation from our environment, we must attend to behaviorally

relevant information and ignore information that is irrelevant.

Selective attention to information usually leads to a behavioral

advantage for perception, but it also has a measurable cost, as

evidenced by a phenomenon called the Battentional blink.^

The attentional blink (AB) refers to transient impairment in

the ability to perceive the second of two masked targets when

the second target appears approximately 200–500 ms after the

attended first target (Chun & Potter, 1995; Giesbrecht & Di

Lollo, 1998; Raymond, Shapiro, & Arnell, 1992). This

momentary impairment in the ability to detect or identify a

second target has been suggested to occur because of an over-

investment of limited-capacity resources to processing of the

first target, rendering the second target unattended and

preventing its perception (Olivers & Nieuwenhuis, 2006).

Research on the AB has suggested that the overinvestment

of attentional resources to the first target can be mitigated by

the addition of task-irrelevant visual motion (Arend, Johnston,

& Shapiro, 2006) or by requiring participants to perform a

secondary task involving concurrent monitoring of stimuli in

the periphery (Wierda et al., 2010). Performance can also be

facilitated by providing a purely cognitive instruction to focus

less attention on the first target (Olivers & Nieuwenhuis,

2006). Such seemingly paradoxical attenuation of the AB is

theorized to result from the participant’s adoption of a more

diffuse top-down attentional state, which prevents the partic-

ipant from allocating too much attentional resource to the first

target (Olivers & Nieuwenhuis, 2006).

Other research has revealed a compelling analogue to the AB

that can be elicited by emotionally salient stimuli. The emotional

attentional blink (EAB) refers to a temporary impairment in the

ability to identify a single target when that target is preceded by

an emotionally salient distractor, such as a disgusting, violent, or
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erotic image (Ciesielski, Armstrong, Zald, & Olatunji, 2010;

McHugo, Olatunji, & Zald, 2013; Most, Smith, Cooter, Levy,

& Zald, 2007). In the typical EAB paradigm, the participant

must discriminate a single rotated target image of a building or

a landscape that is embedded in a rapid serial visual presentation

(RSVP) of nontarget images, such as upright landscape images

(Most, Chun, Widders, & Zald, 2005; Olatunji, Ciesielski,

Armstrong, Zhao, & Zald, 2011; Piech et al., 2011; Piech,

Pastorino, & Zald, 2010). Participants exhibit a significant dec-

rement in their ability to discriminate the target’s orientation if

an emotional distractor appears 100–600 ms prior to the target,

but they showminimal impairment for neutral distractor images

(i.e., Fig. 1a; Ciesielski et al., 2010; Most & Jungé, 2008).

Although the time course of impairment in the EAB resembles

the traditional AB, a key difference lies in the fact that the EAB

arises from the presentation of a task-irrelevant distractor that

nevertheless captures the participant’s attention. In this respect,

the EAB paradigm provides a powerful approach for character-

izing how an emotionally salient stimulus can exogenously cap-

ture attention in a stimulus-driven manner. Identifying similari-

ties and dissimilarities between theAB and EAB could therefore

help reveal the shared or distinct mechanisms involved in goal-

directed and stimulus-driven attention.

Although we have some understanding of how a diffuse

state of attention, induced by a concurrent visual or cognitive

task, can affect the traditional AB (Arend et al., 2006; Olivers

& Nieuwenhuis, 2006; Wierda, van Rijn, Taatgen, &Martens,

2010), researchers have yet to investigate its potential impact

on the EAB. We sought to investigate this question by devel-

oping a dual-task paradigm that required participants to mon-

itor a central rapid serial visual presentation (RSVP) sequence

of images while concurrently monitoring the periphery to per-

form another task (Olivers & Nieuwenhuis, 2006; Wierda

et al., 2010). In Fig. 1 we present three potential competing

hypotheses regarding how the EAB might be modulated by

the introduction of a peripheral monitoring task to induce a

diffuse attentional state.

If similar cognitive mechanisms underlie the AB and EAB,

then performance of a concurrent spatial monitoring task of

the periphery should lead to more diffuse allocation of limited

attentional resources, and might thereby mitigate the overin-

vestment of limited resources to the emotional RSVP

distractor (i.e., Fig. 1b; Olivers & Nieuwenhuis, 2006). An

improvement in target discrimination at lag 2 would demon-

strate that the involuntary capture of limited resources by an

emotional distractor can be modulated by manipulations of

Fig. 1 An outline of anticipated results. In the typical EAB paradigm, an

impairment in target performance is observed when an emotional

distractor is presented close in time to the target (A). If this impairment

is the result of an overinvestment of limited attentional resources toward

the emotional distractor, similar to that observed in the AB, then the

induction of a diffuse attentional state via the introduction of a

peripheral monitoring task should alleviate the EAB (B). However,

given that the EAB is the result of involuntary attentional capture prior

to a target rather than of voluntary attention allocation, as in the AB, is

also possible that the introduction of a concurrent task would have no

effect (C) or might even worsen task performance by increasing demands

(D)
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voluntary spatial attention. Such a finding would suggest that

the deficits in target identification observed in the EAB and

AB both result from an excessive allocation of limited atten-

tional resource.

Unlike the AB, however, the EAB involves the exoge-

nous capture of attention by irrelevant emotional informa-

tion. Thus, one might alternatively expect that the alloca-

tion of attention in the EAB would involve mechanisms

that are distinct from those that mediate the AB (Most &

Jungé, 2008; Most & Wang, 2011; Wang, Kennedy, &

Most, 2012). Should this be the case, then the EAB might

be robust to manipulations of central attention, such that

adding a secondary task in order to distribute attention

more diffusely across space might have no effect on

dampening the EAB, as is illustrated in Fig. 1c.

A final possibility to consider is that the added task might

incur a greater cost to target processing by further taxing at-

tentional control mechanisms (i.e., Fig. 1d). Previous work

has demonstrated that participants exhibit poorer attentional

filtering and greater interference from task-irrelevant stimuli

when they must perform a secondary cognitive task, particu-

larly when that task places greater demands on top-down con-

trol and working memory (de Fockert & Bremner, 2011; de

Fockert, Rees, Frith, & Lavie, 2001; Kelley & Lavie, 2010;

Lavie, Hirst, de Fockert, & Viding, 2004). This increase in

distractability is posited to occur because the attentional con-

trol mechanisms needed to maintain goal-directed priorities

are taxed, thereby impairing the ability to select and filter the

appropriate stimuli. As such, the concurrent task could in-

crease the degree to which the distractors in the EAB para-

digm capture limited attentional resources and thereby incur a

greater cost to target processing.

Another goal of this study was to provide an exploratory

investigation of whether the EAB modifies awareness of the

target stimulus in a discrete or graded manner. Prior research

using neutrally valenced stimuli has suggested that the AB

may disrupt processing of the second target in a discrete, all-

or-none manner, as evidenced by a bimodal distribution of

subjective ratings of the target’s visibility (Sergent &

Dehaene, 2004) and by estimated rates of random guessing

in studies that allow the target’s precise identity to be reported

in a continuous feature space (Asplund, Fougnie, Zughni,

Martin, & Marois, 2014). However, others have reported ev-

idence to suggest that graded levels of perception occur during

the AB (Nieuwenhuis & de Kleijn, 2011; Overgaard, Rote,

Mouridsen, & Ramsøy, 2006; Sy, Marois, & Tong, 2018). To

test whether conscious perception during the EAB reflects a

discrete or graded loss of information about the target, we

required participants to rate the vividness of their experience

of the target on each trial, using a 4-point rating scale

(Overgaard et al., 2006). If the EAB impedes conscious per-

ception of the target in a discrete, all-or-none manner, then

reported vividness should reveal a dichotomous pattern of

vividness responses, indicating either no experience or a clear

experience of the target. In contrast, reports of intermediate

levels of vividness would imply a graded representation of the

target.

Our dual-task paradigm required participants to monitor

a central RSVP of upright landscape images, as is typical

of the EAB, while concurrently monitoring the color of

dots that briefly flashed at random peripheral locations

(Olivers & Nieuwenhuis, 2006; Wierda et al., 2010).

Specifically, participants had to discriminate whether a

clockwise- or counterclockwise-rotated landscape target

occurred within each RSVP sequence of upright landscape

images. A distractor image was presented on every trial,

preceding the target by either two (187 ms) or eight (747

ms) images, and consisted of either an emotionally erotic

image or a neutral image portraying people engaged in

everyday activities. We investigated how different manip-

ulations of voluntary spatial attention affected performance

by evaluating three experimental tasks. In the single-task

control, participants simply had to focus on the central

RSVP stream and report their perceptions of the landscape

target. In two different dual-task versions of this experi-

ment, participants were additionally asked to detect the

infrequent appearance of a peripheral red dot target (20%

of trials) among more frequent presentations of a black dot.

The dual tasks differed in the spatial extent of possible

target locations. In the diffuse-attention condition, the tar-

get dot could appear at any randomly chosen peripheral

location along a radius of 9° visual angle from the center

of the screen. In the cued version of the dual task, spatial

attention was narrowed because the potential location of

the peripheral target was cued before the start of the trial.

The addition of a concurrent task, along with these manip-

ulations of the spatial spread of attention, allowed us to

investigate the effect of diffuse attention on the EAB.

Finally, we investigated whether the EAB affected target

perception in a graded or all-or-none fashion by asking

participants to rate the vividness of their target experience

on each trial.

Method

Participants

Nineteen participants (ages 20–30; 11 female, 8 male) from

the Vanderbilt community participated in the hour-long

study and received monetary compensation for their ef-

forts. Each participant provided informed written consent

prior to the study’s start, as per Vanderbilt University

Institutional Review Board guidelines. Participants were

informed of the nature of the visual stimuli they would

be viewing. One participant was excluded from the
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analyses because he reported ignoring the spatial cue in the

cued-attention task. This sample size was chosen on the

basis of previous studies probing similar effects of

diffuse-attention manipulations (Arend et al., 2006;

Olivers & Nieuwenhuis, 2006; Wierda et al., 2010) and

previous studies of the EAB (Kennedy, Rawding, Most,

& Hoffman, 2014; Most et al., 2005; Most et al., 2007;

Smith, Most, Newsome, & Zald, 2006), ranging from 11

to 24 participants.

Apparatus

Stimuli were presented on a 17-in. (43.18-cm), 75-Hz CRT

monitor via the Psychophysics Toolbox in MATLAB

(Brainard, 1997; Pelli, 1997).

Stimuli

A black fixation cross, 0.7° × 0.7° in size, appeared in the

center of the screen against a uniform gray background

prior to and during each trial. The stimuli consisted of

color photographs sampled from 56 erotic images, 56 neu-

tral pictures, 256 upright landscape/architectural scenes,

and 244 target images (122 landscape/architectural photos

rotated 90° to the left and right). The landscape images

were drawn from the set used by Most et al. (2005), and

the neutral images were drawn mostly from the

International Affective Picture System (IAPS; Lang,

Bradley, & Cuthbert, 2008). The emotional distractors

consisted of erotic images drawn partly from the IAPS

and supplemented with images drawn from the Internet

(Most et al., 2007). The erotic pictures included images

of mixed-sex nude couples engaging in sexual acts, where-

as the neutral distractor images consisted of portraits

depicting one person or several people in everyday settings

and were rated as eliciting no emotional reaction. The stim-

uli measured 11.6° × 9.3° of visual angle in size. In addi-

tion to the central photograph, a black or red dot (0.43° ×

0.43°) was presented in one of 39 possible positions along

a virtual circle at 9° eccentricity from the central fixation

point. The images used in this study are available upon

request from either David Zald or Steven Most.

Procedures

Each participant completed three different tasks over the

course of an hour. Across tasks, every trial involved the

presentation of both the RSVP images and the peripheral

dot stimulus. Participants were instructed to keep their eyes

fixed on a fixation cross at the center of the screen through-

out each experimental trial. A spacebar press initiated an

RSVP of 17 images presented at fixation for 93.33 ms

each; an example is shown in Fig. 2. This rate of stimulus

presentation was dictated by the refresh rate of the monitor

used in the study. All images on a given trial consisted of

different upright landscape/architectural photographs, ex-

cept for two: the critical distractor and the target stimulus.

The critical distractor was displayed as either the fourth or

sixth stimulus in the stream. The distractor was either a

neutral-valence image of everyday interactions of people

or an emotionally salient image of a nude couple engaged

in erotic acts, presented with equal probabilities within

each experimental block. The target was presented at a

lag of either two or eight images after the critical distractor

(186.67 or 746.67 ms) and consisted of a landscape/

architectural scene rotated 90° clockwise or counterclock-

wise from vertical. Concurrent with each image presenta-

tion, a dot was presented at 9° eccentricity from fixation.

The location of the dot changed with each new RSVP im-

age to one of 39 locations with equal probabilities, exclud-

ing the preceding location. In 80% of the trials, all dots in

that trial were black. In 20% of the trials, one of the dots

appeared red rather than black for one 93.33-ms image

frame. The red dot could appear at any time during the

RSVP stream, excluding the time of the first, second, or

final image.

The three tasks differed in how attention was directed to

the peripheral dots. In the single task, participants were

asked to ignore all dots and focus attention on the RSVP

stream. In the distributed-attention task, participants were

instructed to detect the presence or absence of a red dot that

could potentially occur in any of the 39 possible locations.

In this distributed-attention task variant, attention was like-

ly diffusely distributed across the two tasks and across a

wide spatial extent. In the spatially cued attention task, a

white dot 0.43° in diameter was presented for 250 ms, 1 s

prior to the start of the RSVP stream, indicating with 100%

validity the spatial position at which the red dot would

appear if one were presented on that trial. The 1-s interval

between the cue onset and the start of the RSVP stream

provided enough time so that any bottom-up attentional

effects of the cue should have been negligible (Theeuwes,

Atchley, & Kramer, 2000), but ample time for exerting top-

down spatial focusing. In this cued-attention paradigm, at-

tention was likely distributed across discriminating the ori-

entation of the landscape target and detecting a red dot at

the cued location, but spatial attention could be restricted

to those two spatial locations.

It is important to note that all trials in which a red dot

appeared were excluded from the analysis of the EAB in order

to avoid effects due to having to process the red dot. For each

task, participants performed a 20-trial practice block with pos-

itive auditory feedback for correct responses. Three consecu-

tive experimental blocks of the same experimental task

followed each practice block. Each experimental block

consisted of 40 total trials, eight of which included the red

208 Atten Percept Psychophys (2019) 81:205–216



dot and were thus excluded from analysis of the EAB. The

order of the three tasks was counterbalanced across partici-

pants, and manipulations of distractor valence and lag were

randomized and counterbalanced within each experimental

block.

In all three tasks, participants were required to report

the direction in which the target image was rotated and

how vivid the target appeared by using keyboard button-

presses after each trial. In both dual-target tasks, partici-

pants were additionally asked whether a red dot had ap-

peared during that trial, which they reported using a key-

board button-press following their reports of target rota-

tion and vividness. Participants reported target vividness

using the Perceptual Awareness Scale (PAS; Ramsøy &

Overgaard, 2004), which allows participants to report one

of four levels of awareness:

& No experience. No impression of the stimulus is experi-

enced. All answers are experienced as mere guessing.

& Brief glimpse. A feeling that something was present, even

though the content cannot be specified any further.

& Almost clear experience. Feeling of having seen the stim-

ulus, but only somewhat sure about it.

& Clear experience. Nonambiguous experience of the

stimulus.

Results

Peripheral target detection performance

Participants’ accuracy in red dot detection in both the

distributed-attention task (mean = .89, SEM = .02) and

the cued-attention task (mean = .84, SEM = .03) con-

firmed that some attention was allocated to the peripheral

locations in both tasks. Indicative of equivalent effort

across both peripheral tasks, detection of the red dot did

Fig. 2 Participants discriminated the clockwise or counterclockwise

rotation of the target landscape image, presented in a rapid serial visual

presentation (RSVP) of upright landscape images. An irrelevant emotion-

al (erotic) or neutral distractor preceded the target by either two or eight

frames. In separate experimental blocks, attention to the RSVP stream

was manipulated on the basis of task instructions to ignore or also attend

to the peripherally presented dots
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not differ significantly between the distributed- and cued-

attention tasks, t(17) = 1.49, p = .16.

Central target discrimination performance

Emotional distractors had a clear impact on the participants’

ability to discriminate the orientation of the rotated landscape

target (90° clockwise or counterclockwise), especially when

the target appeared at lag 2 as compared to lag 8 following the

task-irrelevant emotional distractor. This impact was evident

in each of the attention conditions (Fig. 3, top). By lag 8,

performance returned to equally good levels for the neutral

and emotional distractors, indicating the temporary nature of

the attentional disruption of the EAB (Fig. 3, top).

To confirm the presence of the EAB, we compared the

proportions of correct target responses in each attention con-

dition by performing a three-factor repeatedmeasures analysis

of variance (ANOVA) using lag (second or eighth item fol-

lowing distractor), distractor valence (neutral or emotional),

and attention task (single, distributed, or cued) as within-

subjects factors. As expected, the ANOVA revealed a statisti-

cally significant main effect of lag, F(1, 17) = 37.38, p < .001,

ηp
2 = .69, demonstrating impaired target performance at lag 2

as compared to lag 8 trials. There was also a main effect of

distractor valence, F(1, 17) = 6.85, p = .018, ηp
2 = .29, indi-

cating poorer performance when the distractor was emotional

than when it was neutral. Characteristic of the EAB, there was

a statistically significant interaction between lag and distractor

valence, F(1, 17) = 18.48, p < .001, ηp
2 = 0.52, indicating that

the effect of distractor valence was proportionally greater at

lag 2 than at lag 8. Separate analyses for each lag comparing

distractor valence (neutral or emotional) and attention task

(single, distributed, cued) revealed that target performance

was significantly worse following emotional than following

neutral distractors at lag 2, F(1, 17) = 12.30, p = .003, ηp
2 =

.42, but not significantly different at lag 8, F(1, 17) = 2.19, p =

.158, ηp
2 = .11. These results provide a clear demonstration of

the EAB.

Fig. 3 Proportions of correct responses (top row) and average vividness

ratings (bottom row) for the target are plotted as a function of distractor–

target lag, distractor valence, and task. Ratings were assigned ordinal

values: 1 = no experience (no exp), 2 = brief glimpse (brief), 3 = almost

clear experience (almost), and 4 = clear experience (clear exp). Error bars

represent the standard errors of the means (SEMs)
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All subsequent analyses were focused on lag 2, in order to

determine the modulatory effects of distributed attention and

distractor valence on target discrimination. If similar mecha-

nisms underlie the AB and EAB, manipulations meant to dif-

fuse top-down attention across tasks and/or space should sim-

ilarly attenuate attentional capture by the emotional critical

distractor and subsequently improve target discrimination.

Conversely, if distinct mechanisms underlie the AB and the

EAB, then manipulations of top-down attention might not

affect or might even exacerbate the magnitude of the EAB.

Critically, we found nomain effect of attention task, F(2, 34) =

1.85, p = .173, ηp
2 = .10, or interaction between attention task

and valence, F(2, 34) = 1.97, p = .16, ηp
2 = .10, at lag 2. These

findings demonstrate that the EAB is unaffected by the addi-

tional task and the spatial diffusion of attention.

To further elucidate the effects of attentional state on per-

formance in the neutral and emotional conditions, we per-

formed two separate repeated measures analyses for neutral

and emotional distractors at lag 2, using attention task as a

factor. When the distractors were neutral, there was a signifi-

cant, albeit modest, main effect of attention task, F(2, 34) =

5.05, p = .01, ηp
2 = .23. Post-hoc pairwise t tests comparing

performance across attention tasks with neutral distractors at

lag 2, corrected for multiple comparisons using a Holm–

Bonferroni correction (Holm, 1979), indicated that the main

effect of attention was due to significantly worse performance

when attention was distributed, t(17) = 3.07, p = .03, d = 0.72,

or cued to a single peripheral location, t(17) = 2.50, p = .04, d

= 0.59, when compared to the single-task control condition.

However, there was no significant difference in performance

between the distributed- and cued-attention tasks, t(17) = 0.16,

p = .87, d = 0.04. As can be seen in Fig. 3, both peripheral-

attention tasks, regardless of their spatial distribution, reduced

participants’ ability to prevent a categorically salient but neu-

trally valenced distractor from capturing attention at lag 2, in

comparison to target performance in the single-task condition.

In contrast, we found no effect of attention task when the

distractors were emotional, F(2, 34) = 0.14, p = .87, ηp
2 =

.01. These data support the robust ability of emotionally sa-

lient stimuli to capture attention and impair target performance

at short temporal lags and indicate that, unlike the traditional

AB, the bottom-up capture of attention by emotional stimuli is

not impacted substantially by the concurrent distribution of

attention.

Vividness ratings

As can be seen in Fig. 3 (bottom row), the average ratings of

target vividness qualitatively mirrored the accuracy of partic-

ipants’ performance in the target discrimination tasks. Targets

appearing at lag 2 were rated as less vivid when they followed

an emotional than when they followed a neutral distractor,

whereas the vividness ratings were higher and more compa-

rable across the two valence conditions by lag 8.

To quantitatively confirm this pattern, we compared the

average ratings of target vividness in each attention condition

across participants by performing a three-factor repeated mea-

sures ANOVAwith lag (two or eight items), distractor valence

(neutral or emotional), and attention task (single, distributed,

or cued) as within-subjects factors. The ANOVA revealed

significant main effects of lag, F(1, 17) = 75.20, p < .001,

ηp
2 = .82, and distractor valence, F(1, 17) = 57.91, p < .001,

ηp
2 = .77, reflecting the fact that targets were reported as being

less vivid at short than at long lags and when they were pre-

ceded by an emotional rather than a neutral distractor.

Consistent with the target discrimination data, we also found

a significant interaction between lag and distractor valence,

F(1, 17) = 43.02, p < .001, ηp
2 = .72, revealing that the differ-

ence in vividness ratings between distractor valence condi-

tions was larger at lag 2 than at lag 8. Finally, there was a

significant interaction between attention task and distractor

valence, F(2, 34) = 5.27, p = .01, ηp
2 = .24. This interaction

demonstrated that the addition of a concurrent task, irrespec-

tive of the extent of spatial attention, reduced the difference

between valence conditions as compared to the single task.

We performed two separate analyses at lags 2 and 8, using

distractor valence and attention task as within-subjects factors,

to evaluate the differences in average vividness ratings at each

lag. Consistent with an EAB, there was a significant main

effect of distractor valence in the reported vividness of the

target at lag 2, F(1, 17) = 62.98, p < .001, ηp
2 = .79, which

was not present at lag 8, F(1, 17) = 3.09, p = .097, ηp
2 = 0.15.

At lag 2, we also observed a significant interaction between

distractor valence and attention task, F(2, 34) = 6.19, p = .005,

ηp
2 = .27, indicating a smaller valence effect when either

diffuse- or cued-attention tasks were compared to the single

attention task. In contrast, there was only a modest main effect

of attention task at lag 8,F(2, 34) = 3.29, p = .049, ηp
2 = .16. A

post-hoc pairwise t test indicated that the main effect of atten-

tion task at lag 8 was driven by a significant difference be-

tween the single and cued-attention tasks, t(17) = 3.02, p =

.008, d = 0.72.

To further understand the effects of attention for each

distractor valence at lag 2, we performed separate

ANOVAs for the neutral and emotional conditions at lag

2, using attention task as a within-subjects factor. We

found no effect of attention task in the emotional condition

at lag 2, F(2, 34) = 1.19, p = .317, ηp
2 = .07, but did find an

effect of attention in the neutral condition, F(2, 34) = 4.65,

p = .016, ηp
2 = .22. Consistent with our analysis of target

discrimination accuracy, these results indicated that the in-

troduction of a concurrent task specifically affected the

reported vividness of the target in the neutral-distractor

condition and had no reliable effect in the emotional-

distractor condition.
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We created an additional figure in order to display the

relationship between subjective ratings of vividness and

objective performance at the target discrimination task.

Specifically, we were interested in how the accuracy of

target responses might have varied according to which of

the four possible levels of rated vividness the participant

reported. As can be seen in Fig. 4a, participants’ average

target accuracy increased monotonically as a function of

vividness rating, with performance only somewhat greater

than the chance level of .50 for ratings of no experience,

ranging upward to greater than .95 accuracy for targets

judged as clear experiences. These results indicate that

rated vividness was likely not a result of response biases

or arbitrary reports; instead, participants have excellent

metacognitive awareness of the reliability of their target

percept.

The behavioral cost in target performance in the EAB

could arise from one of two possible perceptual experi-

ences. First, target performance could be impaired be-

cause attentional capture by an emotionally salient

distractor might probabilistically prevent the target from

reaching conscious awareness in an all-or-none fashion.

In this case, vividness ratings should reflect a dichoto-

mous distribution, with most reports indicating either

complete perception or a total lack of perceptual aware-

ness of the target. Alternatively, the capture of attention

by the emotional distractor might impair the clarity of

the target percept in a graded manner. In this case, the

vividness ratings would also reflect a graded distribution

of vividness responses, in which some proportion of re-

sponses should be characterized by intermediate ratings

of vividness. Figure 4 clearly indicates that target accu-

racy improved monotonically with each increase in rated

vividness, supporting a continuity of responses across the

vividness scale that was not restricted to all-or-none per-

ceptual experiences of the target.

Discussion

Motivated by previous research on the AB, we evaluated

whether the performance of a peripheral-monitoring task

would improve or impair target discrimination perfor-

mance in the EAB paradigm. In the single-task RSVP

design, we replicated previous work showing that dis-

crimination performance was significantly impaired for

targets that followed an emotionally salient distractor at

lag 2. Importantly, the EAB remained robust when partic-

ipants had to perform a concurrent peripheral-monitoring

task, since we observed a similar transient impairment in

discrimination performance for targets preceded by emo-

tional distractors at short lags. In this respect, our results

run contrary to the predictions of the overinvestment

hypothesis (Olivers & Nieuwenhuis, 2006). Instead, our

findings suggest that the processing of an emotional

distractor robustly outweighs the top-down prioritization

of task-relevant stimuli.

Interestingly, we found that the performance of a con-

current dot-monitoring task led to impaired target discrim-

ination for targets that followed the visually distinctive

neutral distractor. The disruptive effect of the neutral

distractor resembled the pattern of disruption caused by

emotional distractors, insofar as it was specific to lag 2.

However, unlike emotional distractors, neutral distractors

led to a temporary cost in target processing only in the

dual-task conditions. This finding was somewhat unex-

pected, since we did not anticipate that performance of a

secondary task would lead to a selective disruption of

target processing following neutral distractors without a

corresponding decrement following emotional distractors

in the dual-task paradigm. Nevertheless, the decrement

following neutral distractors is broadly consistent with

previous research on attentional and cognitive load; both

attentional selection and distractor filtering tend to be-

come less effective under conditions of high load

(Akyürek & Hommel, 2005; Burnham, 2010; Kim, Kim,

& Chun, 2005; Lavie & de Fockert, 2005; Park, Kim, &

Chun, 2007). In the present study, it appears that perfor-

mance of the secondary dot-monitoring task led to poorer

top-down filtering of the neutral distractors, such that tar-

get discrimination was impaired at short lags. These neu-

tral distractors were visually complex and categorically

distinct from the landscape distractors, consisting of a

large set of photos of people engaged in various real-

world activities and social interactions. It should be noted

that images of faces and people tend to attract greater

attentional processing than do other categorically salient

real-world stimuli (Evans & Treisman, 2005; Langton,

Law, Burton, & Schweinberger, 2008; Theeuwes & Van

der Stigchel, 2006), which may have boosted the disrup-

tive impact of the neutral distractors under dual-task con-

ditions even though they lacked clear emotional salience.

However, categorical differences alone would not be ex-

pected to cause sustained attentional capture. Similar

single-task RSVP studies have indicated that attention is

captured only by the first few occurrences of a new but

otherwise neutral stimulus category, suggesting that par-

ticipants are able to rapidly learn to filter out categorically

unique stimuli (Asplund, Todd, Snyder, Gilbert, &

Marois, 2010). Within the context of our dual-task EAB

paradigm, we found that categorically distinct neutral

distractors are filtered out less effectively when attentional

control mechanisms are taxed.

In contrast, the EAB did not become stronger under

dual-task conditions. This finding is consistent with the

notion that participants found it very difficult to filter
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Fig. 4 a Average proportions of correct target responses for each

confidence rating for each distractor valence and lag. Error bars

represent the standard errors of the means (SEMs). b Proportions of

responses for each vividness rating are plotted as a function of attention

task for each distractor valence (neutral, top row; emotional, bottom row)

and lag (columns)
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out or disengage from processing these emotionally evoc-

ative stimuli, even in the single-task condition. A key

aspect of the EAB paradigm is that all stimuli are present-

ed foveally, including the sought-after target. As a conse-

quence, participants must spatially attend to the location

of the distractor. The visual complexity of the stimuli, as

well as the fact that a different distractor image is shown

on every trial, renders it difficult for participants to filter

out the distractors on the basis of their low-level visual

properties. Once the emotional distractor appears and is

initially processed, the visual–attentional system appears

to have difficulty disengaging from this stimulus, leading

to a temporary blink effect in target discrimination. Taken

together, our dual-task results suggest that attentional con-

trol is critical for top-down filtering of visually salient

distractors but that this control, although highly effective

for neutral stimuli, is severely limited in its ability to filter

out emotional distractors regardless of the state of other

attentional demands.

One might ask whether performance of the secondary

dot-monitoring task might have had a greater impact on the

EAB if it were performed at the same central location as

the emotional distractor rather than in the periphery.

Although this condition was not tested directly in our par-

adigm, we consider such an outcome to be unlikely. First,

our analyses were focused exclusively on trials in which

the target dot probe was withheld and therefore avoided

direct competition with the emotional distractor. This ap-

proach was taken because the goal of the present experi-

mental design was to induce a diffuse attentional state, not

to investigate the impact of direct competition between the

dot target and the emotional distractor. Second, partici-

pants already had to allocate some attentional resources

to the central visual field to monitor for the rotated target

landscape image; as a consequence, shifting the dot task to

central vision would have simply led to a top-down spatial

profile of attention that resembled the single-task condi-

tion. Although concurrent presentation of the dot target

and emotional distractor might have led to attenuated pro-

cessing of the emotional distractor, previous research has

provided inconclusive evidence as to whether this would

depend on their spatial proximity or overlap. Indeed, the

spatial dynamics of emotional attentional capture warrant

further exploration, given the apparent heterogeneity of

current findings on the topic. Consistent with the present

study, prior research has demonstrated that attentional cap-

ture by emotional distractors does not appear to depend

upon the initial distribution of top-down spatial attention.

Awealth of data indicate that emotional stimuli are capable

of attracting attention when presented outside of the focus

of top-down spatial attention (Erthal et al., 2005; Müller,

Andersen, & Keil, 2008; Schönwald & Müller, 2014) and

that emotional stimuli can modulate cortical and behavioral

responses even when they are presented in the impaired

hemifield of patients with visual extinction and neglect

(Vui l leumier, Armony, Dr iver, & Dolan , 2001;

Vuilleumier & Schwartz, 2001). In general, our results

are in line with research suggesting that the ability of emo-

tional distractors to capture attention is nonspatial, but that

the effects of emotional stimuli are spatially selective once

this attentional capture has occurred. In a pair of experi-

ments by Most and Wang (2011), participants were asked

to monitor two parallel RSVP streams for the occurrence of

a rotated target image. In the first experiment, the targets

were always followed by trailing nontarget landscape im-

ages, as in the present study. The researchers found that the

introduction of an emotional distractor two stimuli before

the target substantially impaired target discrimination

when the emotional distractor and the subsequent target

appeared in the same RSVP location, but only weakly

and nonsignificantly affected target discrimination when

the two stimuli occurred in separate locations. This sug-

gests a spatial specificity of the disruptive effect of the

emotional distractor. In the second experiment, target im-

ages were sometimes not followed by trailing landscape

distractors. In these trials without landscape images trailing

the target, performance was modestly impaired by emo-

tional distractors that occurred at a different location and

was unaffected by those that occurred at the target location.

Presumably, spatial attention tended to be captured by the

emotional distractor and could linger to process further

information about the target if there was a persisting iconic

trace of the target at that location. Consequently, the au-

thors argued that the EAB is the result of spatially specific

competition for resources at an early stage of perceptual

processing rather than competition at a later, or central,

stage (Wang et al., 2012). Convergent evidence for the

spatial specificity of emotional effects has come from

attentional-cueing studies demonstrating that the presenta-

tion of a task-irrelevant emotional face can enhance the

perception of subsequent targets that appear at a common

location (Phelps, Ling, & Carrasco, 2006; Pourtois,

Grandjean, Sander, & Vuilleumier, 2004). In sum, the spa-

tial characteristics of our dual-task paradigm should not

have been a factor in the ability of the concurrent task to

create a diffuse attentional state. That said, future studies

should investigate the impact of requiring participants to

attend to emotional and neutral stimuli concurrently, and

should determine how the spatial relationship between

these stimuli may impact the effects of either stimulus.

Additionally, we found that participants’ subjective ratings

of their experience of the central target mirrored the pattern of

target discrimination performance. Participants reported a

weaker perceptual experience of the target when it shortly

followed an emotional distractor, irrespective of the attention-

al task, as well as when the target soon followed a neutral
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distractor when participants were engaged in either dual-task

paradigm. Critically, we found that participants rated their

experience of the central target along a graded range of vivid-

ness, suggestive of graded effects of the EAB on conscious

perception. These subjective ratings clearly deviate from a

bimodal distribution of having either no experience or a clear

experience of the target. Interestingly, the addition of a con-

current task attenuated the effects of distractor valence on

vividness ratings at the shortest lag. Like target accuracy, this

attenuation was due to a reduction in target vividness ratings

for the neutral-distractor trials, with no evidence of a change in

ratings on the emotional-distractor trials.

The frequent reports of intermediate levels of target vividness

in the present study run contrary to previous studies that sug-

gested all-or-none losses of target awareness during the tradi-

tional AB (Asplund et al., 2014; Sergent & Dehaene, 2004).

However, it has previously been argued that the bimodal re-

sponses in confidence or vividness ratings in the AB can at least

partially be attributed to potential biases that arise with the users’

interpretations of less descriptive rating scales (Nieuwenhuis &

de Kleijn, 2011; Overgaard et al., 2006; Sy et al., 2018). Here

we found graded levels of target vividness in the EAB using a

rating scale that provides clear verbal descriptions to describe

different levels of awareness; the use of this scale has led to

positive reports of graded percepts in other visual tasks, such

as the AB (Overgaard et al., 2006). The distribution of vividness

levels reported in the present experiment cannot be readily at-

tributed to participants’ failure to use the ratings consistently,

because the average ratings of stimulus vividness mirrored the

qualitative pattern observed in behavioral accuracy, and higher

ratings of vividness corresponded to monotonic increases in

target discrimination accuracy.

In summary, the present study demonstrated the robustness

of the EAB tomanipulations of voluntary spatial attention.We

found that the addition of a concurrent peripheral-monitoring

task can increase attentional capture by distractors, due to

increases in top-down task demands; however, this dual-task

cost to target performance only occurred in the presence of

neutral distractors. This finding suggests that the dissociation

between the processing of emotional- and neutral-valence

distractor stimuli lies within attentional control mechanisms

necessary to prevent attentional capture by distractors.

Altogether, the present study may indicate that the AB and

EAB result from limitations at different stages of information

processing. Where the overinvestment hypothesis of the AB

suggests that the AB results from temporary overinvestment

of limited attentional resources, our work suggests that the

EAB reflects limitations in the ability to appropriately select

relevant stimuli to gain access to central attentional resources.
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