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Abstract When two targets are presented within approximately
500 ms of each other in the context of rapid serial visual presen-
tation (RSVP), participants’ ability to report the second target is
reduced compared to when the targets are presented further apart
in time. This phenomenon is known as the attentional blink (AB).
The AB is increased in magnitude when the first target is emo-
tionally arousing. Emotionally arousing stimuli can also capture
attention and create anAB-like effect evenwhen these stimuli are
presented as to-be-ignored distractor items in a single-target
RSVP task. This phenomenon is known as emotion-induced
blindness (EIB). The phenomenological similarity in the behav-
ioral results associated with the AB with an emotional T1 and
EIB suggest that these effects may result from similar underlying
mechanisms – a hypothesis that we tested using event-related
electrical brain potentials (ERPs). Behavioral results replicated
those reported previously, demonstrating an enhanced AB fol-
lowing an emotionally arousing target and a clear EIB effect. In
both paradigms highly arousing taboo/sexual words resulted in
an increased early posterior negativity (EPN) component that has
been suggested to represent early semantic activation and selec-
tion for further processing in working memory. In both para-
digms taboo/sexual words also produced an increased late posi-
tive potential (LPP) component that has been suggested to repre-
sent consolidation of a stimulus in working memory. Therefore,
ERP results provide evidence that the EIB and emotion-
enhanced AB effects share a common underlying mechanism.
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Introduction

Humans receive a variety of sensory inputs at any one time, and
typically do not have the resources to process all inputs with
equally. Attention is used to select themost important inputs for
further processing and awareness. If attentional selection exists
to prioritize the processing of important sensory inputs, stimuli
that are relevant to the welfare of an individual, such as threat or
sexual stimuli, should be efficiently selected for further pro-
cessing by the attentional system. Indeed, human behavioral
research using a variety of cognitive paradigms and participant
groups has shown that emotionally charged stimuli are proc-
essed preferentially by the attentional system (e.g., Aquino &
Arnell, 2007; Frischen, Eastwood, & Smilek, 2008; MacKay,
Shafto, Taylor, Marian, Abrams, & Dyer, 2004; Vogt, De
Houwer, Koster, Van Damme, & Crombez, 2008). An exami-
nation of attention to emotional words in rapid serial visual
presentation (RSVP) is the focus of the current work.

In RSVP, stimuli are presented one-at-a-time at a central
location with approximately 100 msec separating each item.
This method of presentation causes each item to mask the
previously presented item. Participants are typically able to
identify a single target within an RSVP stream with a high
level of accuracy. However, if participants are asked to iden-
tify two targets within a single RSVP stream, performance on
the second target (T2) is detected with reduced accuracy when
it appears less than 500 ms after the first target (T1; Raymond,
Shapiro, & Arnell, 1992). This phenomenon is called the at-
tentional blink (AB; Raymond et al., 1992).
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Emotionally arousing stimuli have consistently been found
to modulate the AB. When emotionally arousing words are
presented in the T1 position, they result in a larger and more
prolonged AB compared to non-arousing T1 words
(Mathewson, Arnell, & Mansfield, 2008). Emotionally arous-
ing words presented as T2 are less susceptible to the AB than
non-arousing T2 words (Anderson, 2005; Keil & Ihssen,
2004; Milders et al., 2006). However, emotional T2 words
are more susceptible to the ABwhen preceded by an emotion-
al T1 word (Schwabe & Wolf, 2010; Schwabe et al., 2011).
Together these results suggest that emotional stimuli receive
additional attentional resources at the expense of neutral stim-
uli in the AB paradigm.

Emotionally arousing stimuli have also been presented as
to-be-ignored distractor items in RSVP tasks (e.g., Most,
Chun, Widders, & Zald, 2005; Arnell, Killman, & Fijavz,
2007). In these tasks, the emotional distractor appears prior
to the target item, just as T1 would precede T2 in a typical AB
task – but unlike in the AB task, these distractor items are not
relevant to any task the participant is instructed to perform (see
Fig. 1b for a depiction). In this emotional-distractor paradigm,
emotionally arousing distractors have been shown to capture
attention at the expense of accuracy for closely trailing target
items; similar to T1 capturing attention at the expense of T2 in
the AB paradigm (Arnell et al., 2007; Mathewson et al., 2008;
Most et al., 2005; Most, Smith, Cooter, Levy, & Zald, 2007).
This effect has been termed emotion-induced blindness (EIB;
Most et al., 2005) or the emotional attentional blink (McHugo,
Olatunji, & Zald, 2013). For example, Arnell and colleagues
(2007) showed that relative to emotionally-neutral words, a
sexual/taboo distractor word (e.g., orgasm, bitch) captured
attention and resulted in an EIB for neutral word targets
presented soon after the emotional word. Higher arousal
ratings and greater surprise recognition memory for the
emotional distractor word were found to predict the accuracy
for subsequent targets presented at short lags, and memory
fully mediated the relationship between arousal rating and
target accuracy. Arnell et al. (2007) concluded that arousing
distractor words were encoded into memory at the expense of
targets presented at short lags following the distractor.

The AB and EIB: Similar mechanisms?

Mathewson et al. (2008) showed that similar patterns of be-
havioral data result from AB tasks with emotionally arousing
T1 words, and EIB tasks with emotionally arousing
distractors. Both with the AB and EIB, higher arousal
ratings and greater surprise recognition memory for the
emotional words were found to predict reduced accuracy for
subsequent targets presented at short lags, and memory fully
mediated the relationship between arousal rating and target
accuracy. Mathewson et al. (2008) used the same words in
the two tasks and used a correlational analysis to show that

the words that reduced T2 accuracy when presented as T1 in
an AB task were highly similar to the words that reduced
target accuracy when presented as to-be-ignored distractor
words in the EIB task. As discussed by Mathewson and col-
leagues (2008), these results suggest that the same mechanism
may underlie the effect of emotionally arousing words in both
tasks.

An important distinction between the standard emotional
AB and EIB is the task-relevance of the emotional word. In
both tasks, the emotional nature of the word is task-irrelevant.
However, the word itself is task-relevant in the emotional AB
and task-irrelevant in the EIB task. Although the similarities in
the behavioral results presented above suggest that the same
mechanisms may underlie the emotional AB and EIB, further
investigation of this issue is warranted given the differences
between these two tasks. The goal of the current experiments
was to compare the AB and EIB effects using event-related
brain potentials (ERPs) to determine whether common neural
patterns underlie these two effects.

Electrophysiological investigations of the AB

The Central Interference Theory proposes two processing
stages for detecting and remembering stimuli presented in
RSVP (e.g., Chun & Potter, 1995; Jolicoeur, 1999; Jolicoeur
& Dell’Acqua, 1998). According to this theory, there is an
initial high-capacity processing stage in which perceptual
and semantic representations of an object are formed. In this
initial stage, features of stimuli, including conceptual repre-
sentations relevant to target detection are processed. This ini-
tial stage is followed by a limited capacity serial stage in
which selected stimuli receive sustained attention and are con-
solidated into working memory (Potter, 1993; Potter &
Lombardi, 1990). The AB has been proposed to occur when
T2 is presented while T1 is still being consolidated into work-
ing memory. As such, T2 receives stage 1 processing but not
stage 2 consolidation into WM.

Electrophysiological investigations of brain activity during
AB tasks have provided support for these two stages in the
AB. Examinations of ERP components following the presen-
tation of T2 stimuli in a typical AB task have demonstrated
that N1/P1 components – reflecting earlier perceptual analysis
– appear intact during the AB (Vogel, Luck, & Shapiro, 1998),
as does the N400 component reflecting semantic analysis
(Luck, Vogel, & Shapiro, 1996; but see Batterink, Karns,
Yamada, & Neville, 2010). However, both the N2 and P3
components are present when T2 can be consciously accessed,
but are suppressed during the AB (Kranczioch, Debener,
Maye, & Engel, 2007; Sergent, Baillet, & Dehaene, 2005;
Vogel et al., 1998; Vogel & Luck, 2002). The N2 is thought
to index a stage responsible for selecting a relevant object
among distractors (Kennedy, Rawding, Most, & Hoffman,
2014; Woodman, Arita, & Luck, 2009), and P3 is thought to
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index the consolidation of the object in working memory
(Donchin, 1981; Kranczioch et al., 2007; Sergent et al.,
2005; Vogel et al., 1998; Vogel & Luck, 2002). Additionally,
there is evidence that a tradeoff exists between T1 and T2
processing (Kranczioch et al., 2007; Sergent et al., 2005;
Shapiro, Schmitz, Martens, Hommel, & Schnitzler, 2006) as
there is a positive correlation between the amplitude of the T1
M300 component (MEG equivalent of the P3) and the mag-
nitude of the AB (Shapiro et al., 2006), and a negative corre-
lation between P3 amplitudes of the first and second RSVP
targets (Kranczioch et al., 2007). Indeed, it has been demon-
strated that the requirement to attend to T1 primarily affects
the N2 and P3 ERP components that are involved in conscious
access to T2 (Sergent et al., 2005). Therefore, the N2 and P3
components have been suggested to index the capacity-
limited stage in the AB.

Event-related brain potentials following emotionally
arousing stimuli

Two ERP components are typically reported to differentiate
emotionally arousing stimuli from neutral stimuli (see
Schupp, Flaisch, Stockburger, & Junghöfer, 2006, for a
review), and interestingly these appear to be the same compo-
nents whose modulation has been shown to predict the AB as
discussed above. The first is the early posterior negativity
(EPN; e.g., Junghöfer, Bradley, Elbert, & Lang, 2001;

Schacht & Sommer, 2009a). The EPN is a negativity over
temporo-occipital sites that peaks at approximately 200–
300 ms for picture stimuli (e.g., Junghöfer et al., 2001;
Schupp et al., 2007), and at approximately 450 ms for word
stimuli (Schacht & Sommer, 2009a). The EPN has been ob-
served to be larger for more emotionally arousing stimuli, as
compared to less arousing stimuli of a similar valence
(Junghöfer et al., 2001; Schupp, Junghöfer, Weike, &
Hamm, 2004). The EPN reliably occurs in response to emo-
tionally arousing words, even when they are presented while
participants are engaged in an interference task (Kissler et al.,
2009). The EPN has been suggested to index an automatic
allocation of visual attention to a stimulus of motivational
significance such as stimuli that are emotionally arousing or
task relevant so these stimuli can be selected for enhanced
encoding (Kissler et al., 2009; Schupp et al., 2006). The
timing, scalp distribution, and eliciting conditions of the
EPN suggest that it may be the same component referred to
outside of the emotion literature as N2; indeed, Schupp et al.
(2003a, b) defined the EPN as a modulation of the N2. For the
purpose of the current paper, we adopt the hypothesis that the
N2 and EPN are two labels for the same component, reflecting
the same neurocognitive process, and thus use these labels
interchangeably.

The second ERP component that is modulated by emotional
stimuli is the late positive potential (LPP). The LPP is a positive
increase inamplitudethatoccursatcentro-parietalareasbeginning

a b

Fig. 1 a The sequence of events within a single trial of the AB task in Experiment 1. b The sequence of events within a single trial of the EIB task in
Experiment 2
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around 300-540 ms and lasting for several hundred milliseconds
(Kissler et al., 2009; Schupp et al., 2006). The LPP is considered
part of the P3 family, which includes components that reflect the
encoding intoworkingmemory of stimuli that are task relevant or
otherwise capture attention (e.g., Schupp et. al., 2006). The LPP
hasbeenvariously referred toas theP3,P3b,LPP,and latepositive
complex in different studies (Kissler et al., 2009; Schupp et al.,
2006). The timing and length of the LPP are task and stimulus-
dependent (e.g., Schacht & Sommer, 2009a, 2009b; Schupp,
Ohman, Junghöfer, et al., 2004); the LPP tends of begin around
540 ms for emotionally arousing word stimuli (Schacht &
Sommer, 2009a). Similar to the EPN, the LPP is enhanced in
response to highly emotionally arousing stimuli, such as erotica
or pictures of mutilation, as compared to stimuli of the same va-
lence but lower arousal (Schupp et al., 2000, 2004, 2006).

ERPs following emotion words in the AB and EIB

Given the ERP patterns associated with processing emotion-
ally arousing stimuli, it may be expected that emotionally
arousing T1 words presented during an AB task would result
in enhancement of both the EPN and LPP. Also, given the
tradeoff between T1 and T2 stage 2 processing suggested to
exist for short-lag AB trials (as described above, Kranczioch
et al., 2007; Sergent et al., 2005; Shapiro et al., 2006), an
enhancement of the EPN and LPP components following a
T1 stimulus should result in an increase in AB magnitude.
Behavioral data demonstrating an increase in AB magnitude
following emotionally arousing T1 stimuli are consistent with
this prediction, but no research to date has used ERP tech-
niques to examine these predictions in the AB paradigm.

A single study (Kennedy, Rawding, Most, & Hoffman,
2014) collected ERPs during an EIB task in order to examine
the mechanisms underlying EIB. In this study, emotionally
arousing distractor images or emotionally neutral distractor
images were presented prior to single target items within an
RSVP stream of filler images. Negative emotional distractor
images elicited enhanced N2 (EPN) and P3b (LPP) compo-
nents relative to emotionally neutral images. Additionally,
the amplitude of these components following the distractor
stimulus was inversely related to their amplitude following
the target stimulus. Finally, the P3b component associated
with observing the emotional distractor image was observed
to be larger for error trials in which the subsequent target was
missed, than for correct trials. This pattern provides electro-
physiological evidence of a distractor-target processing
tradeoff similar to the T1-T2 processing tradeoff observed
in the context of the AB (Kranczioch et al., 2007; Sergent
et al., 2005; Shapiro et al., 2006), suggesting that the AB and
EIB have similar underlying mechanisms in that they are
both a result of central interference in a limited capacity
system.

The current study

The current study asked participants to complete either an AB
task with emotionally arousing T1words (Experiment 1) or an
EIB task with an emotionally arousing distractor words
(Experiment 2). ERPs time-locked to T1 or the emotional
distractor words were collected as participants completed
these tasks. To our knowledge, no research has used electro-
physiological recording to examine the impact of emotionally
arousing T1 words on the in the AB paradigm. Additionally,
no research has used ERPs to examine the brain activity dur-
ing both AB and EIB tasks with closely matched stimuli and
procedures in order to allow a direct comparison of the mech-
anisms underlying these two tasks.

The behavioral methodology in the current study replicates
that of Mathewson et al. (2008). For each of the RSVP tasks,
words from six emotion categories were used as T1 or the
distractor words (sexual/taboo, positive, negative (sadness),
threat, anxiety, neutral). The T1-T2 (AB task) and distractor-
target (EIB task) lags were either three items or eight items.
Following the RSVP tasks, participants completed an unexpect-
ed recognition memory test and provided ratings of valence and
arousal for each of the emotion words.

As described above, previous research has observed quite
similar patterns of behavioral data resulting from the two tasks
used in the current study (Mathewson et al., 2008). It was
expected that we would replicate the behavioral results of
Mathewson et al. (2008) in this study. Given the similarities
in behavioral results resulting from these tasks, and the sug-
gestion that both EIB and the AB are a result of central inter-
ference in a limited capacity system (Kennedy et al., 2014;
Kranczioch et al., 2007; Sergent et al., 2005; Shapiro et al.,
2006), we expected that emotionally arousing T1 words in the
AB task (Experiment 1) would evoke ERP effects similar to
those resulting from emotionally arousing distractor words in
the EIB task (Experiment 2). More specifically, based on the
results of Kennedy et al. (2014), we expected that words from
the sexual/taboo category would evoke the largest EPN and
LPP components in both tasks, and that these components
would demonstrate a tradeoff with T2/target accuracy. It was
also expected that, in both tasks, amplitude of the EPN and
LPP components resulting from T1/emotional distractors
would be positively correlated with word arousal ratings and
post-task memory scores, and negatively correlated with T2/
target accuracy at lag 3, but not lag 8.

Experiment 1

Method

Participants Thirty-one Brock University undergraduate stu-
dents (22 female) with a mean age of 19.5 years participated in
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this study for course credit or a small monetary payment. They
were tested individually in a single session lasting about 4 h.
All reported normal or corrected-to-normal vision, English as
a first language, and no history of neurological problems.
Both experiments reported here received clearance from the
Brock University Research Ethics Board and were run in ac-
cordance with the approved protocol that conforms to the
principles of the Declaration of Helsinki, including obtaining
written informed consent from all participants. Two partici-
pants were removed from all analyses for their failure to show
any clear ERP components for the RSVP task.

Design and stimuli The AB task used a 6 (emotion condition
for T1) X 2 (T1-T2 lag) within-participants design. In each
RSVP stream there were two targets. On each trial T1 was a
word from one of six emotion categories: positive (e.g., fun,
happy, winner), negative words that were sadness-related
(e.g.,weep, dreary, gloom), threat-related (e.g., scream, cancer,
stabbed), words thatwere either sexual and/or taboo (e.g., fuck,
pussy, shit), anxiety-related (e.g., worry, humiliated,
disappoint), or emotionally neutral (e.g., jacket, vote, chew).
There were 26 words in each emotion category. The T1 emo-
tional word lists were the same as those used by Arnell et al.
(2007) andMathewson et al. (2008) andwere adapted original-
ly from stimuli used by Anderson (2005) and McKenna and
Sharma (1995). The T1 word was always presented in red,
and was presented in capital letters on half of the trials and
lowercase letters on the other half of the trials. Each T1 word
appeared inuppercaseonceateach lag,and in lowercaseonceat
each lag. T2 was one of ten words that spelled a color name
(blue, green, yellow, orange, white, silver, pink, purple, brown,
black) but was always presented in black font, in capitals.
Distractor stimuli for the RSVP task were created a priori to
be 60 neutral valence and low arousalwords from four to seven
letters in length. For presentation, distractorwordswere chosen
randomly without replacement for each trial and presented in
black, capital letters.Allwordswere presented in 18-point bold
Courier New font. The letters subtended approximately 1.4° of
visual angle in height and 3.6°–7.2° in width at an unfixed
binocular viewing distance of approximately 40 cm.

Procedure The experiment consisted of three parts: (1) the
RSVP task, (2) a surprise recognitionmemory taskwhere partic-
ipants were asked to check-off any T1 words that they recalled
seeing in theRSVP task, and (3) a ratings taskwhere participants
rated the arousal and valence of each of the T1words.

For the RSVP task, participants were instructed to report
whether the red T1 word was presented in uppercase or low-
ercase letters, and the identity of the T2 color word.
Participants were not told that some of the T1 words would
be emotionally charged. They were shown the ten color
words, and informed that T2 would always be from this set,
and only these responses would be allowed. Approximately

five practice RSVP trials preceded the experimental trials. See
Fig. 1a for a graphical depiction of a trial.

Each trial began with the presentation of a black fixation
cross in the center of the screen for 500 ms, followed by a 500-
ms blank interval before the start of the RSVP stream.
Eighteen words, including T1, T2, and 16 distractors, were
presented on each trial using RSVP, where each stimulus is
presented one-at-a-time in the same spatial location. Each
word was presented in the center of a uniform gray screen
for 117 ms with no inter-stimulus interval between words.
T1 was presented in stream position 5 or 8, and each position
was used equally often for each combination of emotion con-
dition and lag. The identity of the T1 word was chosen ran-
domly within each emotion condition with the constraint that
each word was shown once in each block of 156 trials, and
that each word was presented twice in the lag 3 condition and
twice in the lag 8 condition. The identity of the T2 color word
was chosen randomly by the computer with the constraint that
each word was used once every 10 trials. T2 was presented
either three or eight words after the T1 word, corresponding to
351 or 936 ms of separation. The levels of the emotion and lag
factors varied randomly for each participant, with the con-
straint that each possible combination of the factors occurred
twice every 24 trials. Each participant performed 624 trials in
a single session.

One second after the end of each stream, a sentence ap-
peared on the screen prompting participants to press one of
two keys indicating whether the T1 was presented in upper or
lower case letters. Immediately after their T1 response a sec-
ond sentence appeared prompting them to press the labeled
key matching the color identity of T2. Accuracy was stressed
and responses were not speeded. Participants were asked to
minimize their physical movements while viewing the stream,
and to refrain from blinking until they saw the first sentence
prompting their response after the stream. Two seconds after
their button press the fixation cross for the next trial appeared.
ERPs were recorded during the RSVP task and were time-
locked to the onset of the T1 stimulus.

Within 3 min of completing the RSVP task, participants were
given a surprise recognition memory test. A piece of paper
contained a list of all 156 T1 emotion words plus three word
foils from each of the six emotion categories that had not been
presented during the RSVP task. All words were presented in
alphabetical order. Participants were told that some of the words
on the list were presented as red words in the RSVP streams, and
that they should check off any words that they remember seeing
from the RSVP task. Participants were allowed to go through the
list in any order with no time constraints, and could check as
many or as few items as they wanted. ERPs were not recorded
during the memory test. The number of participants, out of 29,
who checked off each word on the memory checklist was calcu-
lated separately for each of the target words and each of the 18
memory foil words to create a memory score for each word.
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These memory scores were then used to calculate the average
memory score for each of the emotion conditions and in the
correlations.1

Following the completion of the memory task, participants
then received the ratings task. On each trial one of the 156
words that had been presented as T1 was presented at the
center of the computer screen for one second. After one sec-
ond the word remained on the screen, but the prompt
BValence?^ was then added just below. The word and prompt
stayed on the screen until the participant gave the word a
valence rating. The prompt then changed to BArousal?^ and
the prompt and the word remained on the screen until the
participant gave the word an arousal rating. A 7-point Likert
scale was used for both valence and arousal ratings. The va-
lence scale was anchored by Bunpleasant^ for the 1 response
and Bpleasant^ for the 7 response, with 4 being Bneutral.^ The
arousal scale was anchored by Blow^ for the 1 response and
Bhigh^ for the 7 response. Participants used the numbered
keys from 1 to 7 to make their response. Participants were
asked to make the valence and arousal ratings independently,
and to try to use the whole scale. Participants were encouraged
to take their time and provide accurate ratings based on their
own personal views about the word. The 156 T1 words were
each presented once in random order. ERPs were recorded
during the ratings task and were time-locked to the onset of
the emotion word on each trial. The Ratings task ERP results
are not a focus of the current study and will not be discussed
further. Mean valence ratings and mean arousal ratings were
calculated for each word by averaging ratings for each word
across participants. An absolute valence extremity score was
also calculated for each word by subtracting the valence rating
for each word from B4,^ which is the midpoint on the valence
scale. In this manner the absolute difference reflects how
valent the stimulus was without regard for the direction, as
one might expect highly positive and highly negative words
to have greater impact.

Apparatus and ERP recordings A desktop PC with 17-in.
color monitor, running E-Prime (Psychology Software
Tools, Pittsburgh, PA) was used to present stimuli and re-
cord behavioral responses. Neuroscan software running on
a desktop PC was used to acquire and analyze electroen-
cephalographic (EEG) data recordings from 64 sites (cap
by Electrocap International) referenced to linked earlobes.
Electro-ocular (EOG) recordings were taken by affixing
electrodes to the outer canthi of each eye and the top and
bottom of the orbit of both eyes. Signals were amplified
with a band-pass of 0.15–30 Hz, and digitized at a rate of

500 Hz. ERPs were time-locked to the onset of T1. Epochs
were created that began 200 ms prior to T1 presentation
and ended 1000 ms after T1 presentation. Eye blink arti-
facts were corrected using an algorithm implemented in
Neuroscan’s SCAN software. This algorithm creates a mod-
el of the subject-specific blink response by first identifying
the maximum deviation in the VEOG channel across all the
data (i.e., the largest blink artifact), and then defining as
blinks all other events that exceed 10% of this maximum in
the VEOG channel. Transmission coefficient of the blinks
is then estimated based on the covariance of the averaged
potentials of the ocular channel with the EEG channels,
and this is then used to subtract the blink artifact form each
channel, on each trial in which a blink was detected. If this
correction appeared insufficient for a given trial based on
visual inspection then the trial was removed by hand prior
to averaging. Trials with incorrect T1 responses were also
removed.

Results

Behavioral analyses

Mean differences in RSVP performance Figure 2 shows the
mean T2 accuracy (percent correct responses) separately for
each T1 emotion condition as a function of the lag between T1
and T2. In both experiments, T2 accuracy was calculated for
T1-correct trials only; however, the same data patterns were
observed for all analyses when T2 accuracy was not made
conditional on T1 accuracy. A repeated measures analysis of
variance (ANOVA) was performed on T2 accuracy rates with

1 Due to a programming creation error, memory scores and ratings were not
available for one of the threat words and one of the anxiety words, so these
values were calculated for 154 of the 156 T1 emotion words in Experiment 1
and emotional distractor words in Experiment 2.
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T1 emotion condition and lag as factors. The ANOVA re-
vealed a significant main effect of lag [F(1,28) = 56.25, p <
.001, partial η2 = 0.67] where T2 accuracy was reduced at lag
3 as compared to lag 8. There was also a significant main
effect of emotion condition [F(5,140) = 17.79, p < .001, partial
η2 = 0.39]. Importantly, there was a significant interaction
between lag and T1 emotion condition [F(5,140) = 13.97, p
< .001, partial η2 = 0.33], which resulted from the particularly
poor T2 accuracy at lag 3 when taboo/sexual words were
presented as T1.

Based on paired samples t-tests comparing T2 accuracy at lag
3 versus lag 8, a reliable AB was observed for all T1 emotion
conditions [all ps < .001]. Simple-effects analyses using one-way
ANOVAs showed no significant difference in T2 accuracy rates
as a function of T1 emotion conditions at lag 8 [F(5,140) = 1.32,
p> .26; partialη2 = 0.05]. However, a significant difference in T2
accuracy was found at lag 3 [F(5,140) = 22.21, p < .001; partial
η2 = 0.44]. Pairwise comparisons with Bonferroni correction
showed that at lag 3 T2 accuracy in the taboo/sexual condition
was significantly lower than T2 accuracy in each of the other
emotion conditions [all ps < .001]. There were no differences in
T2 accuracy between any other conditions [all ps > .91].

T1 accuracy was 92.3% (S.E. = 1.2) overall, and did not vary
with lag [F(1,28) = 1.63, p > .21, partial η2 = 0.06], and therewas
no significant interaction between lag and emotion condition, [F
< 1,]. However, T1 accuracy did vary slightly, but significantly,
across emotion conditions [F(5,140) = 3.13, p = .01, partial η2 =
0.10]. T1 accuracy was between 92% and 93% for each of the
emotion conditions except for the taboo/sexual condition where
it was 90.9%. Bonferroni-corrected pairwise comparisons
showed significant differences in T1 accuracy only between the
taboo/sexual condition and the neutral condition, and the taboo/
sexual condition and the anxiety condition [ps < .05].

Memory for T1 words by emotion condition Table 1 shows
the average memory score for the words in each emotion
condition. A one-way ANOVA showed a significant effect
of emotion condition on memory for the target words
[F(5,148) = 54.04, p < .001]. Bonferroni-corrected pairwise
comparisons showed that memory for taboo/sexual words was

significantly higher than memory for words in each of the
other emotion conditions [all ps < .001]. Memory for threat
words was also significantly higher than memory for neutral
or sad words (ps < .05).2

Relationships amongst behavioral measures The mean ac-
curacy of T2 at each lag, collapsed across participants,
was calculated separately for each T1 emotion word.
Correlational analyses were conducted to examine the re-
lationships between arousal ratings, valence ratings, va-
lence extremity scores, word memory scores, and T2 ac-
curacy on trials with a specific emotion word presented as
T1. For example, the mean arousal, valence, valence ex-
tremity, and memory scores for the word orgasm were
examined with respect to T2 accuracy on short and long
lag trials where orgasm was presented as T1 (see Table 2).
Replicating the pattern found by Mathewson and col-
leagues (2008), T2 accuracy at lag 3, but not lag 8, was
negatively related to arousal ratings and memory for T1,
and memory for T1 and T1 arousal ratings were positively
correlated. Therefore, T2 accuracy was lower at lag 3,
when T1 was rated as highly arousing and well remem-
bered. However, these relationships were not observed
when T2 was presented at lag 8.

Mediation analysis If highly arousing words are encoded into
memory more often than less arousing words, and this
encoding is at the expense of accuracy for T2s that were pre-
sented soon after T1, then the relationship between arousal
and T2 accuracy at lag 3 should be mediated by memory for
the words. A simultaneous regression with arousal rating and
memory as predictors of T2 accuracy at lag 3 showed that
while both arousal and memory were significant predictors
of T2 accuracy when entered alone, only memory was a sig-
nificant predictor of T2 accuracy at lag 3 when both arousal
and memory were entered into the model [semipartial r = .01,
p > .77 for arousal and semipartial r = -.52, p < .001 for
memory]. These results support a fully mediated model
(Baron&Kenny, 1986) where T1 arousal influences encoding
of T1 into memory at the expense of accuracy for closely
trailing T2s (see Fig. 3).

Table 1 Mean number of participants in Experiment 1 reporting the T1
words as remembered on the surprise recognition memory test as a
function of T1 emotion category

Emotion Category Mean word recognition score

Sadness 7.62

Positive 8.21

Sexual/Taboo 21.31

Neutral 6.59

Threat 10.86

Anxiety 9.36

2 Numerically, there was a slight tendency for participants to check-off more
arousing foils. To remove any possible response bias, a net memory score for
each word was calculated as the number of hits (the number of checks for each
word target) minus the number of false alarms (the average number of checks
for the word foils in that emotion category). Memory score analyses were
repeated using these net memory scores and again showed that memory for
taboo/sexual words was significantly better thanmemory for words in all other
emotion conditions [all ps < .001].
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ERP analyses

Effects of T1 word type Electrode Pz was used for all
figures and analyses, as activation related to the LPP
component was of particular interest, and the P3 family
is often maximal in centro-parietal areas (e.g., Donchin,
1981; Schupp et al., 2006). In previous research, the
early posterior negativity (EPN) component has been
observed over lateralized temporo-occipital sites
(Schupp et al., 2006). However, examination of topo-
graphical maps of the data in the present study, shown
in Fig. 4, revealed that the EPN was present over a
large area of the scalp, centered over centro-parietal
electrodes. As a result, Pz was deemed a suitable site
for measurement of both the EPN and LPP in the cur-
rent study.

Only T1-correct trials were included in the averages.
Figure 5a shows the grand average waveforms from the
RSVP task separately for each emotion condition, time-
locked to the presentation of the T1 emotion word.
Figure 5b shows grand average difference waves from five

emotion conditions once the average waves from neutral trials
were subtracted out.3

The first goal was to look for potential amplitude differences in
the EPN and LPP for different emotion conditions. However,
accurate estimation of individual components for each participant
is difficult with ERPs collected during RSVP due to the noise that
results from each item in the stimulus stream producing ERPs that
overlap in time. One solution is to examine the difference waves
by subtracting out activation from the neutral condition – as
shown in Figs. 4 and 5b. However, we were interested in statis-
tically comparing ERPs to the neutral condition, which would not
be possible with neutral waves subtracted out. Furthermore, we
were also interested in looking for potential differences amongst
emotion conditions outside the EPN and LPP windows.

3 The continuous presentation of stimuli in the RSVP stream results in numer-
ous ERP components in addition to the ones from T1 and T2. Because these
additional components are likely to be highly similar for each of the emotion
conditions, the creation of difference waves by subtracting the activation on
neutral trials from activation on the other emotion conditions substantially
reduces the noise and allows for an easier examination of the T1 waveform
differences across the remaining emotion conditions.

Table 2 Zero-order correlations between behavioral and ERP measures for emotional words in Experiment
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Therefore, each participant’s average post-T1 waveform for each
of the emotion conditions was divided into 10-ms intervals, and
each of the intervals from 0 to 1,000 ms post-T1 were used to
compare the amplitude across emotion conditions in a series of t-
tests. To account for experiment-wise alpha inflation, an alpha
level of .005 was used as the significance cut-off and at least
two consecutive 10-ms intervals were required to have a p-value

less than the .005 level. Paired t-tests revealed no significant am-
plitude differences at any time points between waveforms from
the neutral, threat, sadness, positive and anxiety conditions (each
compared to each other).4 In contrast to the null effects for other
emotion categories, there were several differences between the
waveform for the taboo/sexual condition and other conditions.

T-tests revealed a significantly increased negativity for taboo/
sexual words relative to all other emotion categories from about
400 to450ms(seeFig.5b).Thiswasconfirmedwithananalysisof
itemsmeans,5p<.01. In thesubsequentdiscussion,wewill refer to
thiseffectas theEPN.Theamplitudeof the taboo/sexualwaveform
was also significantly more positive than the neutral waveform
from520 to600mspost-T1 (seeFig. 5b).Thiswas also confirmed
with an analysis of itemmeans, p < .01. In subsequent discussion,
we will refer to this effect as the LPP. Although both the EPN and
LPP appear later than has been observed in ERP studies using
picture stimuli (see timing suggested by Schupp et al., 2006), this
timing is expected for word stimuli, and is similar to that observed
forword stimuli inprevious research (Schacht&Sommer, 2009b).
No other significant differences in amplitude between the taboo/
sexual waveform and any other waveformswere noted. Figure 5b
also showsanenhancedpositivity for sexual/taboowords justprior
to 800 ms. However, this difference was not significant with the
alpha correction used to control Type I error rates. Given its late
duration, thispositivity likely representsmodulationofT2process-
ing when T2 was presented at short lags. This is discussed below
and inExperiment 2where there is further analysis anddiscussion.

T1-lockedERPswerecompared for trialswhereT2wascorrect
and trials where T2 was incorrect, separately for each lag (see
Fig. 6).6 At long lags there was expected to be no difference in T1
ERPs as a function of accurate T2 detection, as T1 processing

4 The lack of seemingly random differences that were not hypothesized –
presumably reflecting Type I errors – suggests that the present strategy was
relatively effective at controlling alpha.
5 In these analyses of item means, ERP amplitude was collapsed across par-
ticipants separately for eachword to get means for each word. These were used
to confirm effects observed with the more typical participant analyses where
ERP amplitude was collapsed across words separately for each participant to
get condition means for each participant. In the same way that typical partic-
ipant analyses attempt to ensure that mean differences are somewhat general-
izable across participants, item analyses help to ensure that mean differences
are somewhat generalizable across items (in this case words).
6 The ERPs here were collapsed across emotion category as there were not
enough trials in each bin for most participants when data were broken down
into each combination of lag, correct/incorrect, and emotion category.
However, visual inspection of the grand average waves for the sexual word
conditions shows the same pattern as above in both experiments, and supports
the same conclusions reported as when the data are collapsed across emotion
category.

Arousal Memory Lag 3 T2 Accuracy
0.48* -0.65* (-0.56*)

-0.34* (-0.02)

Fig. 3 In Experiment 1, the relationship between arousal ratings of T1 words and accuracy of responses to subsequent T2 items at short lags was fully
mediated by memory for T1 words on a surprise post-RSVP task memory test

Fig. 4 Topographic maps showing scalp distributions of differences
between each experimental T1 stimulus type relative to the neutral T1
words during the EPN (left) and LPP (right) time windows
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would be over by the time T2was presented. However, a tradeoff
was expected between T1 resources and T2 performance at short
lags, such that T1 EPN and LPP amplitudes were expected to be
enhanced for T2-incorrect trials relative to T2-correct trials. As
expected, paired sample-tests, corrected as above, showed no dif-
ferences inT1-lockedERPsat any timepointwhencomparingT2-
correctand-incorrect trialsat lag8.However,at lag3, theLPPfrom
500 to 600ms post-T1 was significantly larger (more positive) on
T2-incorrect trials than on T2-correct trials, suggesting that trials
with a large LPP to T1 resulted in poorer T2 performance; i.e., the
expectedtradeoff. Interestingly, therewerenosignificantamplitude
differences for T2-correct and -incorrect short-lag trials during the
T1EPN timewindow.

At lag 3, T2-correct trials did show a significantly greater
negativity than T2-incorrect trials from 650 to 760 ms post-T1,
presumably reflecting the EPN that was present for T2 when it
was detected, but not when missed due to an AB effect.
Similarly, at lag 3 T2-correct trials showed a significantly great-
er positivity than T2-incorrect trials from 870 to 940 ms post-
T1, presumably reflecting the LPP that was present for T2 on
T2-correct trials, but attenuated on T2-incorrect trials.

Relationships between behavioral and ERP measures The
mean T1-EPN was estimated individually for each word by

taking the mean area of the component with the largest nega-
tive peak between 350 and 500 ms post-T1 in the grand aver-
age waveform averaged across participants for eachword. The
mean T1-LPP was estimated individually for each word by
taking the mean area of the component with the largest posi-
tive peak between 500 and 600 ms post-T1 in the grand aver-
age waveform averaged across participants for each word (see
above for justification for these time windows). Although
mean area was used as a measure of component amplitude
for all correlations, the same pattern of significant relation-
ships was also observed when component amplitude was es-
timated using peak amplitude or when using the summed area
of the component. Correlations between the EPN and LPP
individually for each T1 word and behavioral measures for
those words are provided in Table 2. It is noteworthy that
the amplitude of both of the ERP components was significant-
ly positively associated with memory and arousal ratings for
T1 words, and negatively associated with T2 accuracy at lag 3
but not lag 8.7

Fig. 6 Experiment 1, T1-locked, grand average waveforms at electrode
site Pz as a function of whether T2 was correctly or incorrectly identified.
Panel a shows data from lag 3 trials, and panel b from lag 8 trials

7 In addition to these simple correlation analyses, further multiple regressions
were conducted in order to examine the independent contributions of arousal,
valence, and valence extremity to variability in memory, T2 lag 3 accuracy and
both ERP components. In each case, arousal remained a significant predictor
once valence and valence extremity were taken into account.

Fig. 5 a Experiment 1 grand average ERPs time-locked to T1 recorded
from the midline parietal electrode site (Pz), by T1 emotion category. b
Experiment 1 T1-locked difference waveforms obtained by subtracting
the neutral emotion condition waveform from each of the other T1 emo-
tion condition waveforms at electrode site Pz
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Predicting T2 accuracy In the above analyses, arousal rat-
ings, memory performance, and LPP and EPN amplitudes
each predicted T2 accuracy at lag 3, but not at lag 8. To see
how much total variability in T2 accuracy could be explained,
these predictors were entered as simultaneous predictors of lag
3 T2 accuracy in a multiple regression. Results showed that, as
a group, these predictors explained almost half (45.5%) of the
variability in T2 accuracy at lag 3 (R = 0.675, F(4,146) =
30.39, p < .001). Both memory performance (semipartial r =
-.48, p < .001) and LPP amplitude (semipartial r = -.16, p =
.009) contributed significant unique variability over and above
that contributed by the other predictors. When the same re-
gression was performed on T2 accuracy at lag 8, a non-
significant 2.3% of the variability in T2 accuracy was ex-
plained (R = .153, F < 1, p = .47), and there were no signif-
icant unique predictors.

Discussion

The ABwas equal in size for all emotion conditions except the
taboo/sexual condition, where a larger AB was observed.
These results replicate those of Mathewson et al. (2008) when
using emotion words as T1s. Also replicating Mathewson
et al. (2008), we found that memory was better for the
taboo/sexual words than for other emotion words and en-
hanced memory for a T1 word was associated with lower
accuracy when T2 was presented in the lag 3 position. We
further replicated Mathewson et al.’s (2008) finding that
higher word arousal ratings predicted enhanced memory for
the word and lower accuracy for subsequent targets, and that
the relationship between arousal and T2 accuracy was medi-
ated by memory performance (Fig. 3). This pattern suggests
that arousing T1s are better encoded into memory than other
T1s, and that this increase in encoding reduces accuracy for
subsequent T2s.

As expected, taboo/sexual T1s showed an enhanced EPN
relative to all other emotion conditions. Taboo/sexual words
were also the only word type to show an enhanced LPP when
compared to emotionally neutral words. There was also a
tradeoff between the amplitude of the LPP to T1 and the
LPP to T2, where the T1 LPP was larger for incorrect T2 trials
compared to correct T2 trials at short lags, and the LPP (and
EPN) to T2 were greater on correct T2 short lag trials.
Correlational analyses demonstrated that EPN and LPP am-
plitudes increased with arousal ratings, were associated with
better memory for T1 words, and were negatively related to
accuracy for T2s at short the lag, but not at long lags. This
pattern suggests that: (1) there was increased activation for
arousing T1s, (2) this increased activation enhanced their
encoding into memory, and/or resulted from their encoding
into memory, and (3) this enhanced encoding came at the
expense of T2 encoding at short lags.

Experiment 1 is the first study to provide evidence that
arousing T1 words in the AB achieve enhanced processing
in stages associated with attentional selection of a target
among distractors (N2/EPN; Kennedy et al., 2014;
Woodman et al., 2009) and consolidation in working memory
(LPP; Sergent et al., 2005; Vogel & Luck, 2002; Vogel et al.,
1998). This is despite the fact that the semantics of the T1
words were irrelevant for the lowercase/uppercase font deci-
sion that was the T1 task. Furthermore, degree of enhance-
ment of T1 word processing at these stages, operationalized as
EPN and LPP amplitude associated with the word, was related
to the magnitude of the AB that followed the T1 word and
how well those T1 words were remembered.

Experiment 2

As described in the Introduction, arousing words have also
been shown to capture participants’ attention and set off an
EIB effect when they are presented as to-be-ignored
distractors in an RSVP stream. Experiment 2 examined
whether similar ERP results to those in Experiment 1 are
found when emotion words are presented as to-be-ignored
distractors but all other experimental factors remain the same.

Methods

Participants Thirty Brock University male and female under-
graduate students participated in this study for credit towards a
course or small monetary payment. They were tested individ-
ually in a single session lasting approximately 4 h. All report-
ed normal or corrected to normal vision, English as a first
language, and no history of neurological problems. None
had participated in Experiment 1.

Procedure, apparatus, and stimuli Experiment 2 was iden-
tical to Experiment 1 with the following exceptions (see
Fig. 1b). The word that served as T1 and was presented in
red in Experiment 1, was now presented in black, and always
capitalized – the same as all other stimuli in the stream. For
Experiment 2, this word will be referred to as the emotional
distractor since distractor emotion words continued to be pre-
sented in this location within RSVP, but they were not task-
relevant. The uppercase/lowercase task was removed and par-
ticipants performed only the color word identification task on
each trial – previously the T2 task, but now the only task. As
in Arnell et al. (2007), the filler words that were not the emo-
tional distractor or the target were changed from 60 neutral
words to 60 non-words of the same length so that even emo-
tionally neutral distractor words could be differentiated from
fillers. The use of non-words as RSVP fillers allowed the
emotional distractor to be equally novel from the fillers aside
from emotion because non-words are not associated with any
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semantic meaning (Arnell et al., 2007). The non-words
obeyed all orthographic rules of English and included no
pseudohomophones. Participants were not told about the emo-
tion word distractors. They were told to identify the written
color word on each trial, and to ignore all other stimuli. One
second after the end of the RSVP stream a sentence appeared
asking them to report the color word. Participants made their
responses using the same keys as Experiment 1. Participants
were instructed to guess if they were unsure of the identity of
the color word. There were no time restrictions placed on the
participants as they made their responses. During the recogni-
tion memory test, participants were simply told to check off
any words they remembered seeing anywhere in the RSVP
streams.

Results

Behavioral analyses

Mean differences in RSVP performance Figure 7 shows the
mean target accuracy separately for each emotion condition as
a function of the lag between the emotional distractor and the
target. A repeated measures ANOVAwas performed on target
accuracy with emotion condition and lag as factors. There was
a significant main effect of lag [F(1,29) = 26.63, p < .001,
partial η2 = 0.48] where accuracy was reduced at lag 3 com-
pared to lag 8, and a significant main effect of emotion con-
dition [F(5,145) = 8.40, p < .001, partial η2 = .23].
Importantly, there was a significant interaction between lag
and emotion condition [F(5,145) = 6.30, p < .001, partial η2

= 0.18], resulting from the greater EIB observed when the
distractor was a taboo/sexual word.

A significant EIB effect was observed when the emotional
distractor was taboo/sexual [t(29) = 5.52, p < .001], sad [t(29)
= 3.81, p = .001], positive [t(29) = 2.23, p < .05], and threat-
ening [t(29) = 2.43, p < .05]. Distractors that were neutral or
anxious in nature did not show a significant EIB effect [ps >
.24]. A one-way ANOVA showed no reliable difference in
target accuracy rates across the emotion conditions at lag 8
[F(5,145) = 1.30, p > .26, partial η2 = 0.04]. However, a
reliable difference in target accuracy was found at lag 3
[F(5,145) = 10.79, p < .001, partial η2 = 0.27]. Pairwise com-
parisons with Bonferroni correction showed that target accu-
racy at lag 3 in the taboo/sexual condition differed from target
accuracy at lag 3 in each of the other emotion conditions [all
ps < .001]. There were no differences in target accuracy for
any other conditions [all ps > .99].

Memory for distractor words by emotion conditionA one-
way ANOVA was used to compare memory scores for each
emotion condition (see Table 3 for means). The ANOVA
showed a significant effect of emotion condition [F(5,147) =
23.96, p < .001, η2 = 0.45]. Bonferroni-corrected pairwise

comparisons showed that memory for taboo/sexual words
(M = 11.15) was significantly better than memory for words
in each of the other emotion conditions [M = 3.65 to 5.50, all
ps < .001]. There were no differences in memory for target
words between any other emotion conditions [all ps > .23]. 8

Correlations amongst behavioral measures For each of the
emotion words, mean valence ratings, arousal ratings, valence
extremity scores, memory scores, and target accuracy rates
were calculated and correlated as in Experiment 1 (see
Table 4 for correlations). As in Experiment 1, target accuracy
at lag 3, but not lag 8, was negatively related to arousal ratings
and memory for the emotional distractor words and high
arousal ratings predicted better memory.

Mediation analysis A simultaneous regression with arousal
rating and memory as predictors of target accuracy at lag 3
showed that while both arousal and memory were significant
predictors of target accuracy when entered alone, only mem-
ory was a significant predictor of target accuracy at lag 3 when
both arousal and memory were entered simultaneously into
the model [semipartial r = -.07, p > .34 for arousal and
semipartial r = -.42, p < .001 for memory]. Again, these results
support the idea that highly arousing distractors are encoded
into memory preferentially, at the expense of accuracy for
targets presented soon after them (see Fig. 8).
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Fig. 7 The mean percentage of correct target responses as a function of
emotional distractor emotion category and the lag between the distractor
and the target in the EIB task used in Experiment 2. Error bars represent
the standard error of the mean

8 As in Experiment 1, memory score analyses were also conducted using net
memory scores, controlling for false alarms. Again, memory for taboo/sexual
words was significantly better than memory for words in all other emotion
conditions [all ps < .004] with no other significant differences between emo-
tion conditions.
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ERP analyses

Effects of emotional distractor word type Figure 9a and b
show the grand average waveforms at site Pz time-locked to
the presentation of the emotional distractor emotion word,
separately for each emotion condition. Figure 9a shows the
raw grand average waveforms, and Fig. 9b shows grand av-
erage difference waves from five emotion conditions once the
average waves from neutral trials were subtracted out.

Potential amplitude differences in the different emotion
conditions were examined across the waveforms using
alpha-corrected (p < .005) t-tests as in Experiment 1. The
taboo/sexual condition had a significantly increased EPN
(from 400 to 450 ms) relative to all emotion categories except
the threat and anxiety conditions. This replicated the findings
of Experiment 1 except that the positive and threat conditions
also showed significantly increased EPNs relative to the neu-
tral condition (at approximately 400 ms; see Fig. 9b). There
were no other significant amplitude differences during this
timeframe. Analysis of item means showed that the negativity
in the taboo/sexual condition around 400 ms was significantly
larger than in the neutral condition [p < .03], but there were no
other significant differences between any emotion conditions
in this timeframe.

Following the EPN, the taboo/sexual waveformwas signif-
icantly more positive than the sadness, positive, threat, and
anxiety waveforms from 700 to 740 ms. The taboo/sexual
waveform amplitude did not differ from the neutral condition,
and there were no other significant amplitude differences be-
tween any conditions in the analysis of participant means.
However, analysis of itemmeans showed a significantly larger
positivity for the taboo/sexual waveform relative to each of the
other emotion condition waveforms, at 550 ms (all ps < .030).

Thus two enhanced positivities were observed for the
taboo/sexual condition in this experiment: one at 550 ms,
and one from 700 to 740 ms. Note that the increased positiv-
ity from 700 to 740 ms was much later than the LPP in
Experiment 1, and late enough that it is unlikely to represent
the LPP to the emotional distractor here. In Experiment 1 the
LPP was present between 520 and 600 ms, so the

significantly greater positivity found at 550 ms in the item
analysis for Experiment 2 – observable in Fig. 9b – likely
reflects the LPP in this experiment, which was presumably
smaller due to the task in this experiment not requiring mem-
ory encoding of irrelevant distractor words. This would also
be consistent with the lower number of words marked as
remembered on the memory checklist in Experiment 2 –
where the target was task-irrelevant and less salient – com-
pared to the number of items reported as remembered in
Experiment 1 where the target was task-relevant and salient
by virtue of its color.

We did note the enhanced positivity for taboo/sexual
words from 700 to 740 ms in Experiment 1, but it fell short
of significance there until trials were separated into correct
versus incorrect trials at short and long lags where it appeared
to reflect a reduced ERP to T2 on incorrect T2 short lag trials
relative to correct T2 short lag trials. Kennedy et al. (2014)
observed a posterior positivity from about 500–600 ms post-
distractor at lateral posterior sites, that was larger following
negative distractors than neutral distractors when using long
lag trials that ensured the positivity was distractor-related, not
target-related. Kennedy et al. suggested that this posterior
positivity could be a PD component that may have resulted
from greater difficulty disengaging attention from the emo-
tional distractor. Thus, it is possible the 700–740 ms positiv-
ity observed here reflects this also. If so, then it should be
evident even on long lag trials, whereas, only short-lag trials
should show the effect if it is related to target, not distractor,
processing.

Visual inspection of raw ERP waves in the 700-740 ms
time period in Experiment 2 suggests that the greater positivity
in the sexual/taboo condition was in fact due to a reduced
negative-going component for taboo/sexual items relative to
other item types in this time window (see Fig. 9a); it is notable
that this is the time period when short-lag target items were
presented. This timing suggests that this enhanced 700–
740 ms positivity may also be interpreted as a reduced target
item EPN on short-lag trials.

This interpretation is supported by the likely timing of a
target item EPN (351 ms lag between emotional distractor and
target + 400 ms for EPN), and was supported by further anal-
yses that were split by short and long lag. These split-lag
analyses allow further consideration of whether the late en-
hanced positivity described above was a result of a reduced
target item EPN. If this component is a reduced target item
EPN, it should only be present on short lag trials, not long lag
trials, due to the timing of the target item presentation. Indeed,
in these split-lag analyses, the EPN and LPP to the target item
were clearly visible at the short lag, but not the long lag.
Statistical analyses, using multiple t-tests in 10-ms bins, as
reported above in Experiment 1, provided evidence of this late
enhanced positivity for taboo/sexual items for short lag trials
(relative to threat and positive items) from 720 to 750 ms. No

Table 3 Mean number of participants in Experiment 2 reporting the
emotional distractor words as remembered on the surprise recognition
memory test as a function of emotional distractor emotion category

Emotion Category Mean word recognition score

Sadness 3.77

Positive 4.46

Sexual/Taboo 11.15

Neutral 3.65

Threat 5.50

Anxiety 4.76
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significant differences in this time period between any wave-
forms were observed on long lag trials.

Emotional distractor-locked ERPs were also compared
for trials where the target response was correct and trials
where the target response was incorrect, separately for
each lag (see Fig. 10ab). At long lags there was expected
to be no difference in emotional distractor ERPs as a function
of target correct/incorrect, as processing of the emotional
distractor would be over by the time the target was presented.
However, a tradeoff was expected between emotional
distractor ERP amplitude and target performance at short lags,
such that emotional distractor EPN and LPP amplitudes were
expected to be enhanced for target-incorrect trials relative to

target-correct trials. As expected, paired samples-tests,
corrected as above, showed no differences in emotional
distractor-locked ERPs at any time point when comparing
target correct and incorrect trials at lag 8. However, at lag 3,
target incorrect trials showed significantly greater positive am-
plitude than target correct trials from 570 to 650 ms post-
emotional distractor, suggesting that trials with a large LPP
to the emotional distractor resulted in poorer target perfor-
mance, as expected. Again, there were no significant ampli-
tude differences for target correct and incorrect short-lag trials
during the EPN time window.

As in Experiment 1, at lag 3, target correct trials showed
significantly greater positive amplitude than target

Table 4 Zero-order correlations between behavioral and ERP measures for emotional words in Experiment 2

Arousal Memory Lag 3 Target Accuracy
0.42* -0.56* (-0.42*)

-0.29* (-0.07)

Fig. 8 In Experiment 2, the relationship between arousal ratings of emotional distractor words and accuracy of responses to subsequent target items at
short lags was fully mediated by memory for emotional distractor words on a surprise post-RSVP task memory test
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incorrect trials from 650 to 750 ms post-emotional
distractor, consistent with Experiment 1 and the conclusion
that EIB results in an attenuated EPN to short lag targets.
Target correct trials also showed a significantly greater
positive amplitude than target incorrect trials from 830 to
930 ms post-emotional distractor, which presumably re-
flects the greater LPP observed to correct versus incorrect
targets, as in Experiment 1.

Relationships between behavioural and ERP measures As
in Experiment 1, correlations were examined between behav-
ioral measures and the EPN and LPP amplitudes to the emo-
tional words by estimating these measures individually for
each word (see Table 4). As in Experiment 1, amplitude of
the distractor EPN component was estimated as the mean area
of the component with the largest negative peak between 350
and 500 ms post-emotional distractor in the grand average
waveform averaged across participants for each word. The
mean T1-LPP was again estimated individually for each word
by taking the mean area of the component with the largest
positive peak between 500 and 600 ms post-T1 in the grand
average waveform averaged across participants for each word.

Mean EPN amplitudes could not be estimated for six of the
156 emotional distractor words due to an inability to discern a
clear component in the required time window. Mean LPP
amplitudes could not be estimated for 20 emotional
distractors; five due to an inability to discern a clear compo-
nent in the required time window, and 15 due to lost data. The
pattern of correlations between the ERP components and be-
havioral measures was the same as that reported in
Experiment 1. Specifically, the magnitude of the EPN and
LPP to the emotional distractor were each significantly posi-
tively associated with memory for the distractor and the arous-
al rating of the distractor, and negatively associated with target
accuracy at lag 3, but not at lag 8.9

Predicting T2 accuracy To see how much total variability in
target accuracy could be explained at each lag, arousal ratings,
memory performance, distractor EPN amplitude, and
distractor LPP amplitude were entered as simultaneous pre-
dictors of lag 3 target accuracy in a multiple regression.

9 In addition to these simple correlation analyses, further multiple regressions
were conducted in order to examine the independent contributions of arousal,
valence, and valence extremity to variability lag 3 target accuracy, memory,
and the EPN and LPP components. In each of these multiple regressions,
arousal explained significant variability even when controlling for valence
and valence extremity.

Fig. 9 a Grand average ERPs time-locked to emotional distractor items
(in Experiment 2) recorded from the midline parietal electrode site (Pz),
split by distractor emotion category. b Experiment 2 emotional distractor-
locked difference waveforms obtained by subtracting the neutral emotion
condition waveform from each of the other emotional distractor emotion
condition waveforms at site Pz

Fig. 10 Experiment 2, emotional distractor-locked, grand average
waveforms at electrode site Pz as a function of whether the target was
correctly or incorrectly identified. Panel a shows data from lag 3 trials,
and panel b from lag 8 trials
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Results showed that, as a group, these predictors explained
32.1% of the variability in target accuracy at lag 3 (R =
0.567, F(4,125) = 14.80, p < .001). Only memory perfor-
mance (semipartial r = -0.46, p < .001) contributed significant
unique variability over and above that contributed by the other
predictors. When the same regression was performed on target
accuracy at lag 8, a non-significant 1.8% of the variability in
target accuracy was explained (F < 1), and there were no
significant unique predictors.

Discussion

Replicating Mathewson et al. (2008), an EIB effect was ob-
served following taboo/sexual emotional distractor words.
Also replicating Mathewson et al. (2008), performance on a
surprise recognition memory test following the RSVP task
was better for taboo/sexual words than for words in any of
the other emotion conditions. Similar to our results in
Experiment 1, and the results from Mathewson et al.’s
(2008) EIB task, we also found that higher word arousal rat-
ings predicted better memory for the emotional word and low-
er accuracy for subsequent targets. Additionally, the results
demonstrated that memory for the word mediated the relation-
ship between arousal and target accuracy (Fig. 8).

An enhanced EPN was detected following distractor words
in the taboo/sexual condition relative to words in all other
emotion conditions except the threat and anxiety conditions.
Evidence for an enhanced LPP for the taboo/sexual words
relative to neutral words was only found at 550 ms using item
analysis. However, both the EPN and LPP amplitudes for
emotional distractors were positively correlated with arousal
ratings and memory scores, and negatively correlated with
short lag target accuracy, as was found for Experiment 1. As
in Experiment 1, the pattern of correlational results suggests
that there was increased activation for arousing distractor
words, and that this increased activation enhanced encoding
into memory, and/or resulted from the encoding into memory.
The results also suggest that this enhanced encoding of arous-
ing distractor words occurred at the expense of encoding for
closely trailing target items. The present results replicate those
of Kennedy and colleagues (2014), who also found that neg-
ative emotional distractor images elicited enhanced N2 (EPN)
and P3b (LPP) components in the EIB task. These authors also
reported that the amplitude of these components following the
distractor stimulus was inversely related to their amplitude
following the target stimulus. Similarly, in Experiment 2 at
the short lag we observed a tradeoff between the amplitude
of the LPP to the distractor and the LPP to the target: the
distractor LPP was larger for incorrect target trials compared
to correct target trials, and EPNs and LPPs to targets were
greater on target correct trials.

Interestingly, in the present experiment evidence for an
enhanced positivity 700–750 ms after taboo/sexual words

was also found. Subsequent examination of the ERP waves
from Experiment 2 (Figs. 9a and 10a) suggested that this in-
creased positivity may reflect a reduced target item EPN on
short lag trials, given that the timing was correct for a target-
item EPN and the increased positivity, interpreted as reduced
EPN, was present only on short-lag trials – the only lag where
the target EPN would appear in that temporal window. As a
result, the current ERP results also provide some evidence of
reduced target processing at short lags following taboo/sexual
distractor words, consistent with the results found byKennedy
and colleagues (2014).

The results from Experiment 2 provide behavioral and
electrophysiological evidence for the idea that arousing words
receive preferential processing when presented as to-be-
ignored distractor items in an RSVP stream, as compared to
non-arousing words.

Relationships across experiments

Mathewson et al. (2008) reported that words that were more
likely to be recognized in the AB task were also more likely to
be recognized in the capture task (r = .80). Also, emotion
words that led to T2 report failure in the AB task were roughly
the same emotion words that led to target report failure in the
capture task (r = .50). However, in Mathewson et al. the same
participants performed both paradigms in a single session. In
the present work, different participants performed the AB task
in Experiment 1 and the EIB task in Experiment 2. Regardless,
we observed the same pattern as Mathewson et al. where
words that were more likely to be recognized in the AB task
were also more likely to be recognized in the capture task (r =
.81, p < .001), and words that led to T2 report failure in the AB
task were roughly the same emotion words that led to target
report failure in the capture task (r = .45, p < .001).

General discussion

The main purpose of the current study was to use electrophys-
iological recording (ERPs) to examine the mechanisms under-
lying the AB with emotional words as T1, and EIB effects
with emotional word distractors. We hypothesized that the
AB and EIB effects, which have typically been reported in
distinct studies, shared common underlying neurocognitive
mechanisms, at least in part, and would thus show comparable
patterns of behavioral and ERP results when investigated
using the same stimuli. We conducted two experiments, to
compare the impact of emotionally arousing words in dual-
task (AB) and single-task (EIB) RSVP paradigms.

Replicating the work ofMathewson and colleagues (2008),
the behavioral results demonstrated that emotionally arousing
words both increased the magnitude of the AB when present-
ed in the T1 position of an AB task, and set off an EIB when
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presented as to-be-ignored distractors in single-task RSVP.
Consistent with the results of Mathewson and colleagues
(2008), the results from the current experiments suggest that
more highly arousing words presented in RSVP are better
encoded into memory, resulting in poorer performance on
targets that closely follow the arousing word in both AB and
EIB tasks (Figs. 3 and 8).

It was expected that emotionally arousing T1 words in the
AB task used inExperiment 1would evokeERPeffects similar
to those resulting fromemotionallyarousingdistractorwords in
the EIB task used inExperiment 2, given that the same emotion
words were used, and given evidence that both effects are a
result of encoding limitations in a limited capacity system
(Kennedy et al., 2014; Kranczioch et al., 2007; Sergent et al.,
2005; Shapiro et al., 2006). Specifically, given the results from
Kennedy and colleagues (2014), itwas expected that the ampli-
tude of both the EPN and LPP components would be increased
following emotionally arousingwords, regardless of the task in
which they were presented. These increases in EPN and LPP
amplitudewerealsoexpected tobepredictiveofmemoryfor the
emotionalwords and poorer target accuracy at lag 3, but not lag
8, in both tasks. These predictions were supported, as the EPN
andLPPwereboth significantly related toarousal scores inboth
AB and EIB tasks, and for both tasks the amplitudes of these
componentswerepositively related tomemoryfor theemotion-
al word and negatively related to lag 3 target accuracy, but not
lag 8 accuracy.

Furthermore, consistent with the tradeoff between T1 and
T2 processing in the AB paradigm (e.g., Kranczioch et al.,
2007; Sergent et al., 2005; Shapiro et al., 2006), and the
tradeoff between emotional distractor and target processing
in the EIB paradigm (Kennedy et al., 2014), a tradeoff was
observed here between the amplitude of the LPP to the T1/
distractor and the LPP to the T2/target. In both experiments,
the T1/distractor LPP was larger for incorrect T2/target trials
compared to correct trials, and the EPNs and LPPs to T2/target
were greater on correct trials. This tradeoff was also observed
with the correlations where greater EPN and LPP amplitudes
to T1 predicted reduced T2 accuracy in Experiment 1, and
greater EPN and LPP amplitudes to the emotional distractor
predicted reduced target accuracy in Experiment 2.

Early posterior negativity

In both experiments, the EPN component was significantly
enhanced approximately 400–450 ms following sexual/taboo
T1/distractor words (shown in Figs. 5b and 9b). Furthermore,
in both experiments, greater EPN amplitude was associated
with more highly arousing words, better memory for associ-
ated words, and reduced accuracy for targets closely following
the associated word. Previous ERP studies of the AB and EIB
effects (Kennedy et al., 2014; Kranczioch et al., 2007; Sergent
et al., 2005; Shapiro et al. 2006) have suggested that the EPN

component indexes the early portion of the capacity-limited
stage in the central interference model of the AB. More spe-
cifically, the EPN has been suggested to index a stage respon-
sible for selecting a relevant object among distractors
(Kennedy et al., 2014; Woodman et al., 2009), and has been
linked to automatic allocation of visual attention to stimuli of
motivational significance (Junghöfer et al., 2001; Kissler
et al., 2009; Schupp et al., 2006). Therefore, the current results
suggest that emotionally arousing stimuli in RSVP may trig-
ger a response from a mechanism indexed by the EPN that
selects stimuli of motivational significance for further process-
ing in a limited-capacity system such as working memory.
These results also suggest that emotionally arousing stimuli
trigger a response from this mechanism regardless of whether
these stimuli are the subject of an active search. This consis-
tent EPN effect in both RSVP tasks is consistent with previous
research demonstrating that the EPN response to emotional
words is a robust phenomenon that occurs even in the pres-
ence of interference from another task (Kissler et al., 2009).

However, while the amplitude of the LPP to the T1/
distractor showed a tradeoff with the amplitude of the EPN
and LPP to the T2/target, there was no tradeoff between the
EPN to T1/distractor and the amplitude of the EPN or LPP to
the T2/target in either experiment. Furthermore, the T1/
distractor EPN did not differ for correct and incorrect short
lag trials. This is interesting as it suggests that although the
EPN and LPP to the T1/distractor are both enhanced for the
sexual words, it may be the encoding into working memory of
T1/distractor that has the most direct implications for T2/
target processing and accuracy. This also matches the conclu-
sions of the multiple regressions where LPP amplitude to T1/
critical distractor predicted T2/target accuracy over and above
T1/distractor EPN amplitude, but T1/distractor EPN ampli-
tude was not a significant predictor of T2/target accuracy after
controlling for T1/distractor LPP amplitude. These results are
also consistent with those of Kennedy et al. (2014) who found
that although the EPN to the emotional distractor was later on
incorrect trials than on correct trials, the amplitude of the EPN
to the emotional distractor did not differ for correct and incor-
rect target trials.

Late positive potential

In Experiment 1 an enhanced LPP was found following sexual/
taboo words (520–600 ms) when they were presented as T1
items, and greater LPP amplitude was correlated with higher
wordarousalratings,bettermemoryfor thosewords,andreduced
accuracy for closely trailing T2s. There was also the predicted
tradeoff between the amplitude of the LPP to the T1/distractor
and the LPP to the T2/target where the T1/distractor LPP was
larger for incorrect T2/target trials compared to correct trials, and
LPPs to theT2/targetwere larger on correct trials. InExperiment
2 there was less differentiation of the LPP for emotional
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distractors, though an enhanced LPP was found following
sexual/taboo distractor words at 550 ms in the item analysis.
However, LPP amplitude in Experiment 2 was significantly re-
lated to higher word arousal ratings, better memory for those
words, and reduced accuracy for closely trailing T2s as in
Experiment1.It ispossible that that thearousal-inducedenhance-
ment of the LPP is more robust for words that are targets of an
active search (e.g., T1 items) as compared to distractor items;
however, similar patterns in LPP result are present in both cases.
This suggestion is consistent with previous work that has dem-
onstrated that the P300 is most prominent following stimuli that
are task-relevant (e.g., Picton, 1992).

Given the notion that the P300 indexes encoding of
information into working memory, it makes sense that
the LPP would be larger in Experiment 1 than in
Experiment 2 since only in the first experiment were par-
ticipants instructed to remember these words; in
Experiment 2 they were to-be-ignored distractors. In ad-
dition to being more task-relevant in Experiment 1, T1
was also likely more physically salient in Experiment 1
where it was the lone red-colored item, than the emotional
distractor was in Experiment 2 where it was the same
color (black) as the filler items. Indeed, examination of
memory for the T1 words in Experiment 1 (Table 1) and
emotional distractor words in Experiment 2 (Table 3)
shows that the words were remembered by roughly half
as many participants in Experiment 2. Therefore, the cur-
rent results provide evidence that the LPP, like the EPN,
indexes a mechanism that results in greater processing of
stimuli in working memory and thereby contributes to the
central interference that results in the enhancement of the
AB effect and creation of the EIB effect. These results are
consistent with previous research highlighting the positive
correlation between LPP (P3/M300) amplitude and AB
magnitude (Shapiro et al., 2006), and research highlight-
ing the distractor/T1 and T2 processing tradeoff (Kennedy
et al., 2014; Sergent et al., 2005).

Dell’Acqua and colleagues (Dell’Acqua, Doro, Dux,
Losier, & Jolicoeur, 2016; Dell’Acqua et al., 2015) provid-
ed evidence for a frontal P3a component to AB targets that
was dissociable from the parietal P3b component, referred
to as the LPP here. These authors provided evidence that
the frontal P3a reflected detection of the relevant target(s),
whereas the P3b reflected encoding of the target(s). They
posited that the AB delays T2 encoding into working mem-
ory, and impairs, but does not slow down detection of T2.
In the present study we did not have a target absent condi-
tion that would have allowed us to clearly discern the P3a
component, but in future studies it would be interesting to
examine whether the P3a differs with emotion condition in
the AB paradigm, and whether a P3a would be observed in
the EIB paradigm, and if so whether this would vary with
emotion condition.

Do emotion induced blindness and emotion-induced
enhancement of attentional blink share common
mechanisms?

The main goal of the current study was to examine whether
EIB and the emotion-induced enhancement of the AB are a
result of similar underlying mechanisms. Previous research
has suggested that these phenomena may arise through shared
mechanisms (Kennedy et al., 2014); however, prior to this,
study no ERP research has allowed a side-by-side comparison
using similar behavioral methodology and stimuli, and no
study has examined ERPs to emotional T1s in an AB para-
digm. Replicating previous research, the similar behavioral
results from the two tasks in this study support the shared-
mechanism interpretation of the EIB and emotion-enhanced
AB. This shared-mechanism interpretation is further support-
ed by the enhanced EPNs and LPPs to arousing words in both
tasks – ERP enhancements that predict improved memory for
the arousing words at the expense of report accuracy for close-
ly trailing targets. Furthermore, in both tasks the LPP showed
a tradeoff between T1 and T2. Prior research suggested that
the EPN is associated with a stage prior to representation of a
stimulus in working memory – such as selection of a relevant
object among distractors (Woodman et al., 2009; Kennedy
et al., 2014) – and concurrently suggested that the LPP index-
es representation in working memory (Kranczioch et al.,
2007; Sergent et al., 2005; Vogel et al., 1998; Vogel & Luck,
2002). Thus, the current results provide evidence that in both
AB and EIB paradigms arousing words receive enhanced at-
tentional selection and enhanced encoding into workingmem-
ory, and that this enhanced encoding into working memory
comes at the expense of processing resources and accuracy for
closely trailing emotionally-neutral targets.

Based on the current results, several answers can be provided
to the question of whether the EIB and emotion-induced en-
hancement of the AB have shared underlying mechanisms.
First, the phenomenological similarity between the behavioral
results in these tasks is robust and has been observed in other
studies(Mathewsonetal.,2008).Second, theprocessingindexed
bytheEPN– thought torepresentasemanticclassificationmech-
anism (Schupp et al., 2006;Kissler et al., 2009) that results in the
selectionofa stimulusamongdistractors for furtherprocessing in
workingmemory (Woodman et al., 2009; Kennedy et al., 2014)
– is clearly enhanced for sexual words in both the EIB and AB
paradigms. The robust EPN following emotional words, regard-
less ofwhether thewordwas a target itemor distractor, is consis-
tentwith previous research demonstrating that theEPN response
to emotional words is a robust phenomenon that occurs even in
the presence of interference (Kissler et al., 2009). However, in
both experiments the T1/distractor EPN did not differ for short
lag correct and incorrect trials, suggesting that although the EPN
andLPP to theT1/distractor are both enhanced for sexualwords,
it is the encoding into workingmemory of T1/distractor that has
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the most direct implications for T2/target accuracy. Third, the
presence of a LPP in both the AB and EIB experiments, its sig-
nificant correlations with behavioral performance in both tasks,
and the tradeoff in LPP magnitude for T1/emotional distractors
and T2/targets – is consistent with the idea that the LPP is asso-
ciatedwithencoding items intoworkingmemory.Alongwith the
results of Kennedy and colleagues (2014), the present results
suggest that salient emotional items may garner enhanced LPPs
both due to their task relevance and to their arousing nature.
Furthermore, the larger LPP that was observed in Experiment
1, when the arousing words were task-relevant, suggests that
these routes may be somewhat additive in nature. Overall, our
results suggest thatEIBandemotion-enhancedABarise through
similar underlying mechanisms that are involved in attentional
selection andworkingmemory encoding and can be observed in
EPN and LPP components.

However, it is worth noting that despite the similarities
observed here, dissociations have been observed for the
two paradigms. For example, while the AB can observed
when T1 and T2 appear in different spatial locations (e.g.,
Duncan, Ward, & Shapiro, 1994; Visser, Zuvic, Bischof,
& DiLollo, 1999), Most and Wang (2011) provided evi-
dence that EIB was only observed for targets that ap-
peared in the same spatial location as the emotional
distractor. It is also unclear whether lag-1 sparing – a
sparing of the target deficit at lag 1 where the target
comes immediately after T1/emotional distractor – can
be found with the EIB paradigm (Kennedy & Most,
2015), whereas lag-1 sparing is found fairly often in the
AB paradigm (see Hommel & Akyürek, 2005; Visser,
Bischof, & Di Lollo, 1999). Also, in the EIB paradigm
Kennedy et al. (2014) observed a distractor-related late
positivity that was enhanced for negative distractors rela-
tive to neutral distractors and was larger on target incor-
rect trials. They suggested that this may be a PD compo-
nent reflecting the extra difficulty in disengaging attention
from emotional distractors. If, so we may not expect this
to be observed in the AB paradigm with emotional T1s
that are task relevant, but this late positivity was not ex-
amined here for either paradigm. Also, as noted above,
the P3a component observed by Dell’Acqua and col-
leagues in the AB paradigm (Dell’Acqua et al., 2015,
2016) was also not examined here as a function of emo-
tion condition for either the AB or EIB paradigms.
Therefore, at this point, we suggest caution in concluding
that EIB and the emotional AB share completely overlap-
ping mechanisms. At present, it appears safest to conclude
that EIB and the emotional AB are related, and share
similar underlying mechanisms, at least in part.
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