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Abstract Viewing emotionally arousing compared to

neutral pictures is associated with differential electrophys-

iological activity in early (‘‘early posterior negativity’’,

EPN), as well as later time-windows (‘‘late positive

potential’’, LPP). A previous study revealed that the EPN is

reduced when the preceding prime picture was emotional.

The present study explored whether sequential interference

effects are specific for early processing stages or extend to

later processing stages. Dense sensor ERPs were measured

while subjects viewed a continuous stream of pleasant,

neutral, and unpleasant pictures, presented for 660 ms each.

Previous results were replicated in that emotional pictures

were associated with enlarged EPN and LPP amplitudes

compared to neutral pictures. Furthermore, the EPN to

emotional and neutral pictures was reduced when preceded

by pleasant prime pictures. The novel finding was that

emotional compared to neutral prime pictures were asso-

ciated with reduced LPP amplitudes to the subsequently

presented picture irrespective of its emotional valence

(pleasant, neutral, unpleasant). These results demonstrate

sustained interference effects in serial picture presentations

discussed within a framework of resource competition

among successive pictures.

Keywords Attention � Emotion � ERP � Interference �
Early posterior negativity � Late positive potential

Introduction

Event-related potentials measured during picture viewing

suggest the selective processing of emotional compared to

neutral stimuli. In rapid serial presentation paradigms, a

difference in processing emotional (pleasant and unpleas-

ant), compared to neutral, pictures is shown by a larger

early posterior negativity (EPN) developing around 150 ms

after stimulus onset and lasting until about 300 ms [1, 2].

Subsequently, most apparent between 300 and 700 ms

poststimulus, emotional pictures elicit an augmented late

positive potential (LPP) over centro-parietal locations [3].

Furthermore, both ERP components vary as a function of

emotional arousal. Specifically, the processing of highly

arousing emotional pictures is associated with a more

pronounced EPN and LPP compared to pictures of the

same valence that are rated lower in arousal [2]. According

to a biphasic motivational model of emotion [4, 5], the

selective processing of pleasant and unpleasant cues during

stimulus perception reflects their inherent salience, facili-

tating the organization of efficient actions to stimuli that

can sustain (appetitive) and threaten (defensive) the life of

the organism.

A unique feature of the rapid serial presentation tech-

nique is that it provides an opportunity to reveal enduring

effects of emotional stimuli on subsequently presented

pictures. Focusing on early processing (*150–300 ms), a

recent study observed that current target processing is

affected not only by the emotional content of the target

image but also systematically varies with the emotional

content of the preceding prime picture [6]. When a prime

picture was emotional (and itself eliciting enlarged EPNs),

the EPN of the current target picture was reduced. This

effect of an emotional prime was identical regardless of

whether the target picture was pleasant, neutral, or
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unpleasant. Interference at early processing stages indexed

by the EPN may be related to the neural mechanism

underlying the phenomenon of ‘emotion induced blind-

ness’ [7, 8]. Specifically, behavioral research demonstrated

that explicit target picture recognition is hindered when

these stimuli are preceded by emotional compared to

neutral picture materials. Considered from this perspective,

it is important to determine whether sequential interference

effects are specific for early processing stages or extend to

later processing stages, which are important for explicit

stimulus recognition [9, 10]

The present study was designed to explore the emotional

modulation of the LPP as a function of the valence of the

current (‘target’) and the preceding (‘prime’) picture.1

Accordingly, participants viewed a continuous stream of

pleasant, neutral, and unpleasant pictures (300 pictures 9 10

repetitions, 660 ms stimulus presentation) in which the

hedonic content of the current and preceding pictures varied

over the course of the experiment. Pictures were presented

repeatedly based on data showing that stimulus repetition does

not eliminate selective processing as measured by the EPN

and LPP [11, 12]. The focus of the analysis was on ERPs to

contiguous pairs of pictures in which the emotionality

(pleasant, neutral, unpleasant) of each picture in the pair was

systematically varied (see Fig. 1).

The main question was to determine whether the emo-

tionality of a preceding picture impacts current picture

processing as indexed by the LPP. Previous studies suggest

that the LPP reflects a capacity-limited processing stage

[13–16], which is related to selective attention and explicit

stimulus recognition in rapid serial visual presentation

paradigms [17–19]. One may therefore assume that the

available resources for the current picture may vary as a

function of the emotionality of the preceding picture.

Specifically, emotional prime contents, which naturally

draw selective attention and elicit enlarged LPP ampli-

tudes, may reduce available resources for the picture,

which is currently the focus of processing. This view pre-

dicts that emotional compared to neutral prime pictures

reduce the LPP amplitudes to the current target picture

irrespective of its valence. Statistically, main effects of

picture emotionality for each picture in a pair (prime and

target) are expected.

While congruence in hedonic valence between picture

pairs has no special status in a motivated attention frame-

work, such effects might be derived when considering the

present design from the perspective of ‘affective priming’

[20]. Specifically, although the EPN component revealed

no affective priming effects [6], such an effect may appear

in later processing stages, which are related to more elab-

orate conceptual and semantic stimulus analysis. An

affective priming hypothesis predicts an interaction

between the emotionality of pictures in a pair, due to the

facilitated processing of pictures that are preceded by

hedonically similar pictures.

Furthermore, the present design allowed to replicate

previous findings regarding prime interference effects

revealed by the EPN. The crucial difference in the present

compared to the previous study is presentation time

(660 ms vs. 330 ms). Accordingly, the present data provide

first insights into the temporal sustainability of prime

interference effects. Finally, using this design, we expected

to replicate previous effects showing enhanced EPN and

LPP amplitudes when emotional (pleasant and unpleasant),

compared to neutral pictures, were the focus of current

processing [6, 3].

Materials and Methods

Participants

Twenty-five subjects (13 female) participated in the study

either for credit fulfilling an experimental participation

requirement at the University of Konstanz or for monetary

compensation. Participants were between the ages of 20

and 37 years (M = 24.5).

Stimulus Materials and Procedure

One hundred pleasant (erotic couples, babies, sports and

adventure scenes), 100 neutral (neutral people, household

Fig. 1 Experimental design. The left panel illustrates the rapid serial

visual presentation paradigm. Pleasant, neutral, and unpleasant

pictures are shown for 660 ms without perceivable inter-stimulus

gap. The right panel shows the prime-target-picture combinations

examined in the present study

1 The main focus in the present report is on picture pairs. In the

present report, the first picture is referred to either as ‘preceding’ or

‘prime’ picture while the second picture is denoted as ‘current’ or

‘target’ picture. However, as participants viewed a continuous stream

of pictures, labeling of the pictures refers to the experimental question

and data analyses. Furthermore, in contrast to affective priming

studies, there was no explicit task in the present study.
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objects), and 100 unpleasant pictures (mutilations, vio-

lence, attack) from the International Affective Picture

System (IAPS; [21]) were presented. The picture material

was the same as in Flaisch et al. [6]. The three picture

categories differed significantly from each other in nor-

mative ratings of pleasure (M = 7.0, 5.2 and 2.4 for

pleasant, neutral, and unpleasant contents on a 1–9 scale).

Mean arousal levels for emotional categories were signif-

icantly higher than for neutral contents (M = 6.2, 3.1 and

6.4 for pleasant, neutral, and unpleasant contents, respec-

tively). All pictures were in color and were presented with

a small white fixation cross in the center. Physical

parameters such as brightness, contrast and complexity did

not differ across categories [1].

Pleasant, neutral, and unpleasant pictures were pre-

sented in a continuous stream without perceivable

interstimulus interval for 660 ms each (see Fig. 1, left

panel). The entire picture set was repeated 10 times

resulting in a total of 3,000 picture presentations. Several

constraints were imposed on the stimulus order assuring

adequate control of sequence effects. Furthermore, the

entire picture set was presented before the picture series

was presented again in a different order. A different picture

presentation order was generated for each participant.

Using Presentation software (Neurobehavioral Systems,

Inc., Albany, CA), the pictures were shown on a 21 in.

CRT-monitor (75 Hz refresh rate) located approximately

100 cm in front of the participant. Picture presentation

lasted for 33 min with a short break in the middle of the

session to allow for posture adjustments. Subjects were

instructed to keep their eyes comfortably focused on the

fixation cross in the center of the screen, and to simply

view the pictures.

Apparatus and Data Analysis

Brain and ocular scalp potential fields were measured with

a 256-lead geodesic sensor net (GSN 200 v2.0; EGI:

Electrical Geodesics, Inc., Eugene, OR), on-line bandpass

filtered from 0.01 to 100 Hz, and sampled at 250 Hz using

Netstation acquisition software and EGI amplifiers. Elec-

trode impedance was kept below 50 kX, as recommended

for this type of electroencephalogram (EEG) amplifier by

EGI guidelines. Data were recorded continuously with the

vertex sensor as reference electrode. Continuous EEG data

were low-pass filtered at 35 Hz using a zero-phase forward

and reverse digital filter before stimulus synchronized

epochs were extracted.

Data editing and artifact rejection were based on a two-

step method for statistical control of artifacts [22]. In a first

pass of the data (using the recording reference), sensors

contaminated across the session were identified and rejec-

ted. Furthermore, sensors containing trial epochs with

artifact activity were rejected to avoid contamination when

converting the data to an average reference. The rejection

of artifact-contaminated trials and sensor epochs was based

on the thresholds for a number of statistical parameters

(e.g., absolute value over time, standard deviation over

time, etc.; [22]). In a second pass, based on the average

referenced data, sensors containing artifact-contaminated

activity were replaced using spherical interpolation on the

basis of all remaining sensors for the given trial. Average

waveforms were calculated for each of the nine experi-

mental cells (three picture categories for the first and

second picture, respectively) for each sensor and partici-

pant (see Fig. 1, right panel).

Baseline Calculation

The rapid serial visual presentation paradigm prompts

issues regarding the appropriate baseline. In the current

study, the use of a baseline epoch which represented all

possible picture contents is perhaps the best estimate, as

effects due to picture content were experimentally con-

trolled [6]. Accordingly, in one stream of analysis, the ERP

data were baseline-corrected for pre-stimulus (100 ms)

prime ERP activity (first picture). However, a baseline

time-locked to the target picture mathematically removes

pronounced baseline-differences preceding the target pic-

ture and therefore provided a complementary view on

prime effects. Thus, the data were re-analyzed in a second

stream of analysis using a baseline time-locked to the onset

of the target (second) picture.

Waveform Analyses

To determine critical time windows and sensor clusters

sensitive to Prime and Target Valence and their interaction,

exploratory waveform analyses were conducted in which

each time point and sensor was tested separately using a 3

(Prime: pleasant, neutral, unpleasant) 9 3 (Target: pleas-

ant, neutral, unpleasant) ANOVA [6].

Early Posterior Negativity

Early emotional modulation as a function of prime and target

valence indicated by the EPN was observed in bilateral

clusters over temporo-occipital as well as frontal regions.

However, exploring frontal sensor sites mirrored the effects

observed for the occipital negativity. For brevity, these

effects are only reported in complementary analyses (see

footnotes 2 and 3). Thus, for statistical analysis, the EPN

amplitude was scored as mean activity in the time interval

from 180 to 260 ms post-target picture onset and collapsed

over temporo-occipital sensors with EGI sensor numbers

146, 147, 135, 136, 123, 124, 137, 115, 116, 125, 126, 117,
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and 118 on the left, and sensors 166, 157, 167, 158, 168, 149,

159, 150, 169, 139, 160, 151 and 140 on the right hemisphere.

The EPN amplitude was submitted to repeated-measures

analysis of variance (ANOVA) including the factors Prime

Valence (pleasant versus neutral versus unpleasant), Target

Valence (pleasant versus neutral versus unpleasant), and

Laterality (left versus right).

Late Positive Potential

The LPP amplitude was derived as the mean voltage in the

time interval of 520–660 ms post-target picture onset and

collapsed over a centro-parietal sensor cluster containing

channels with EGI sensor numbers 100, 88, 131, 78, 89,

144, 79, 132, 80, 52, 44, 257, 133 and 145. The LPP

amplitude was submitted to repeated measures ANOVA

with the factors Prime Valence and Target Valence.

In preliminary analysis, the EPN and LPP modulation

was explored including the additional factor Gender.

However, none of these analyses revealed a significant

interaction involving Gender.

For effects involving repeated measures, the Green-

house-Geisser epsilon was utilized where appropriate to

correct for violations of sphericity.

Results

Early Posterior Negativity (EPN)

Figure 2 shows representative left and right occipital sen-

sors displaying the typical finding of enlarged EPN

amplitudes elicited by emotional prime pictures, accentu-

ated for pleasant cues (upper panel). Furthermore, pleasant

prime pictures reduced the EPN to the subsequent picture

(target) irrespective of hedonic valence (middle panel) and

this effect is accentuated when calculating a pre-target

baseline (lower panel). Displaying scalp difference maps

(emotional–neutral) for the EPN effect, Fig. 3 shows that

prime and target effects appear with opposite polarity for

pleasant cues, while unpleasant pictures do not show a

consistent prime effect. These observations were supported

by statistical analysis.

A first analysis was based on the baseline ERP activity

preceding the prime picture. This baseline included all

possible picture contents with the same probability pro-

viding a conservative assessment of ERP baseline activity.

Repeated measures ANOVA revealed that the EPN varied

as a function of both prime and target picture category,

Prime Valence, F(2, 48) = 16.0, p \ 0.001, e = 0.98, and

Target Valence, F(2, 48) = 66.6, p \ 0.001, e = 0.94,

while the interaction between Prime and Target Valence

was not significant, F(4, 96) = 1.1, ns.

Decomposing the main effect Target Valence replicated

results from previous studies [6]. Post-hoc tests reveal that

both, pleasant and unpleasant compared to neutral target

pictures were associated with increased EPN amplitudes

compared to neutral pictures, F(1, 24) = 169.9 and 42.9,

p \ 0.001, respectively. Furthermore, as in previous

research, this effect was stronger for pleasant than for

unpleasant target stimuli, F(1, 24) = 17.5, p \ 0.001.

Decomposing the main effect Prime Valence replicated

the previous finding that pleasant prime pictures pro-

foundly affect the processing of subsequently presented

pictures. The EPN measured during target presentation is

reduced when preceded by a pleasant prime picture

compared to both, unpleasant and neutral prime pictures,

F(1, 24) = 26.3 and 19.3, p \ 0.001, respectively. Unlike

Fig. 2 EPN component. Illustration of the ERP waveforms for a left

and right occipital sensor (EGI #124 and #159). The upper panel

illustrates the modulation of the EPN as a function of prime picture

valence. The middle panel shows the main effect of prime picture

valence on the subsequent target picture processing by collapsing

ERP waveforms across pleasant, neutral, and unpleasant target

pictures. The lower panel shows the appearance of the prime picture

effect when using a pre-target ERP baseline. Abbreviations P, N, U

refer to pleasant, neutral, and unpleasant picture contents
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previous findings [6], unpleasant prime pictures did not

reliably modulate the EPN in the target window when

compared to neutral cues, F(1, 24) = 0.2, ns.

Furthermore, a significant interaction between Target

Valence and Laterality was observed, F(2, 48) = 8.1,

p \ 0.001, e = 0.96. However, this interaction could not be

meaningfully accounted for, neither by further statistical

analysis, nor by visual inspection of the observed result

patterns.2

A second analysis was based on the baseline ERP

activity preceding the target picture. This baseline

eliminates all residual ERP differences associated with

differential emotion processing. Again, significant main

effects of Prime Valence and Target Valence were

observed, F(2, 48) = 39.9 and 83.9, p \ 0.001, e = 0.99

and 0.97, respectively, while the interaction of both factors

was not significant, F(4, 96) = 1.7, ns. Effects regarding

target valence were fully replicated. As shown in Fig. 2,

lower panel, prime effects appeared more accentuated in

this analysis. The EPN elicited by the target picture was

reduced when preceded by pleasant compared to neutral or

unpleasant prime pictures, F(1, 24) = 55.0 and 61.7,

p \ 0.001, which did not differ from each other, F(1,

24) = 0.1, ns.3

Late Positive Potential (LPP)

Figure 4 shows a representative centro-parietal sensor rep-

licating enlarged LPP amplitudes to emotional prime

pictures (upper panel). Of most interest, pleasant and

unpleasant prime pictures reduced the LPP to the subsequent

picture (target) irrespective of hedonic valence (middle

panel). Eliminating sustained LPP effects elicited by the

prime picture by calculating a pre-target baseline (lower

panel), the prime effect appeared greatly enlarged. Dis-

playing scalp difference maps (emotional–neutral) for the

prime and target LPP effect, Fig. 5 reveals that the prime

effect was opposite in direction to the target effect: whereas a

relative positive potential over centro-parietal sites was

obtained when viewing emotionally arousing first (prime)

pictures, these pictures elicited a relatively more negative

potential when a subsequent (target) picture was presented.

These observations were supported by statistical analysis.

A first analysis was based on the baseline ERP activity

preceding the prime picture. Replicating previous results, a

highly significant main effect of Target Valence was

obtained, F(2, 48) = 40.3, p \ 0.001, e = 0.85. Both,

pleasant and unpleasant target pictures elicited enlarged

LPP amplitudes compared to neutral target pictures,

F(1, 24) = 86.8 and 40.8, p \ 0.001. Furthermore, pleas-

ant and unpleasant target pictures elicited comparable LPP

amplitudes, F(1, 24) = 0.1, ns.

Of main interest with regard to prime effects on the LPP, a

significant main effect of Prime Valence was observed,

F(2, 48) = 14.4, p \ 0.001, e = 0.87, while no interaction

of Prime Valence and Target Valence was apparent,

F(4, 96) = 1.6, ns. Post-hoc tests reveal that pleasant and

unpleasant compared to neutral prime pictures reduce the

LPP to the subsequently presented picture irrespective of

their hedonic valence, F(1, 24) = 25.4 and 16.2, p \ 0.001.

Furthermore, when contrasting the two emotional prime

Fig. 3 Target picture processing. Scalp difference maps (pleasant–

neutral) and (unpleasant–neutral) for the EPN component (180–

260 ms) reveal the topography of emotion main effects on the

processing of a target picture as a function of target and prime picture

valence. The target valence effect is illustrated by collapsing across

prime picture valence (upper row), while the prime valence effect is

shown by collapsing across target picture valence (lower row).

Illustration refers to the first analysis utilizing the pre-prime baseline

correction. To derive these brain maps, voltages were interpolated to

the scalp surface using spherical splines and back-projected to a back

view of the model head. Please note the different scales for target and

prime effect

2 Statistical analysis of frontal sites [6] revealed a significant

interaction of Prime Valence 9 Target Valence 9 Laterality,

F(4, 96) = 3.6, p \ 0.01, e = 0.9. However, decomposing this

interaction for left and right hemisphere frontal clusters yielded

corresponding but polarity reversed result patterns as seen over

posterior sites. Specifically, highly significant main effects for Prime
Valence and Target Valence (Left: F(2, 48) = 8.6 and 33.4,

p \ 0.001, e = 0.97 and = 0.95; Right: F(2, 48) = 8.8 and 33.2,

p \ 0.001, e = 0.88 and = 0.85) were apparent while the interaction

between Prime and Target Valence failed to reach significance on

both sides, F(4, 96) = 1.0 and 1.5, ns.

3 Calculating this analysis for frontal sites [6] also yielded polarity

reversed results, i.e., highly significant main effects of Prime and

Target Valence, F(4, 96) = 29.4 and 53.5, p \ 0.001, e = 0.91 and

0.9, and no significant interaction between Prime and Target Valence,

F(4, 96) = 1.2, ns.
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categories against each other, no significant differences were

found, F(1, 24) = 3.7, ns.

A second analysis was based on the baseline ERP activity

preceding the target picture. Again, significant main effects

of Prime Valence and Target Valence were observed,

F(2, 48) = 62.2 and 44.4, p \ 0.001, e = 0.88 and = 0.79,

respectively, while the interaction of both factors was not

significant, F(4, 96) = 2.2, ns. Effects regarding target

valence were fully replicated. Furthermore, prime effects

were pronouncedly enlarged as the sustained LPP observed

to emotional prime pictures reduced prime interference

effects in the first analysis. Accordingly, pronouncedly

reduced LPPs were elicited by target pictures when preceded

by pleasant and unpleasant compared to neutral prime pic-

tures, F(1, 24) = 95.6 and 64.4, p \ 0.001, which did not

differ from each other, F(1, 24) = 1.8, ns.

Discussion

Previous studies utilizing rapid picture presentations have

found that emotionally significant stimuli consistently

modulate both an early, as well as a late ERP component [1,

3]. These results were replicated in the present study: pic-

tures that were pleasant or unpleasant prompted greater EPN

and LPP amplitudes compared to neutral pictures. Further-

more, the present study replicated previous findings in that

the magnitude of posterior negativity was reduced when the

preceding prime picture showed pleasant pictures. More

importantly, the present study provides the novel finding that

the amplitude of the LPP to a current target picture system-

atically varies with the emotional content of the preceding

prime picture. When a preceding picture was emotional, the

LPP was reduced to the subsequent picture irrespective of its

emotional valence (pleasant, neutral, unpleasant). These

Fig. 5 Target picture processing. Scalp difference maps (emotional–

neutral) for the LPP component (520–660 ms) reveal the topography

of emotion main effects on the processing of a target picture as a

function of target and prime picture valence. The target valence effect

is illustrated by collapsing across prime picture valence (upper row),

while the prime valence effect is shown by collapsing across target

picture valence (lower row). Illustration refers to the first analysis

utilizing the pre-prime baseline correction. A top view of the model

head is shown. Please note the different scales for target and prime

effect

Fig. 4 LPP component. Illustration of the ERP waveforms for a

representative centro-parietal sensor (EGI #80). The upper panel

illustrates the modulation of the LPP as a function of prime picture

valence. The middle panel shows the main effect of prime picture

valence on the subsequent target picture processing by collapsing

ERP waveforms across pleasant, neutral, and unpleasant target

pictures. The lower panel shows the appearance of the LPP prime

picture effect when using a pre-target ERP baseline. Abbreviations P,

N, U refer to pleasant, neutral, and unpleasant picture contents
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findings are consistent with the notion that emotional cues

naturally draw selective attention, which in the case of rapid

serial presentations, may interfere with subsequent stimulus

processing in capacity-limited processing stage indexed by

the LPP [18, 17]. Overall, the EPN and LPP findings may

provide ERP evidence for the finding that the detection of

target stimuli suffers from following an affectively engaging

picture [7, 8], presumably reflecting competition for pro-

cessing resources among successive picture presentations.

The main finding of the present study was that the LPP

elicited by pleasant, neutral, and unpleasant pictures was

reduced when preceded by an emotional picture, which itself

elicit enlarged LPPs compared to neutral images. As rapid

picture presentations may raise concerns regarding baseline

activity, it is noteworthy that conceptually similar results

were observed for both streams of analysis. Specifically,

while a baseline locked to the target picture may overesti-

mate prime effects, a baseline preceding the prime pictures

may underestimate prime effects as neutral pictures elicit a

pronouncedly reduced LPP compared to emotional pictures

(see Fig. 3). Accordingly, while there may be no optimal

measure of baseline activity in the rapid picture presentation

paradigm, there is converging evidence that emotional prime

pictures reduce the LPP elicited by subsequent pictures

across both measures of ERP baseline activity.

One perspective to consider the present LPP findings is

the notion of competition and sharing of processing resour-

ces, which is often invoked in behavioral research relying on

rapid serial presentation paradigms [23, 24]. Previous studies

already suggested that late positive potentials in this

time window reflect the operation of a capacity-limited

processing system. Most relevant, dual-task studies have

consistently revealed a reduced P3 wave to a target stimulus

in a secondary (oddball) task when attention was directed to a

primary task in the visual modality [25]. These results were

obtained with non-obtrusive tones as well as salient startle

stimuli [13, 14]. The present findings extend these data by

showing similar effects in natural selective attention para-

digms, in which no explicit task focus is demanded.

Similarly, the startle probe methodology has been used to

show that variations in natural selective attention interfere

with concurrent stimulus processing as measured by the P3

amplitude to salient startle tones. Specifically, when viewing

emotional, compared to neutral, pictures, the obligatory

startle P3 was reduced [16, 26]. In this regard, the present

findings are novel by showing that effects of interference by

emotional prime pictures extend in time and affect the pro-

cessing of subsequent stimuli in the rapid serial presentation

paradigm [27]. Taken together, the present study suggests

that emotional pictures interfere with subsequent stimulus

processing in a capacity-limited processing stage indicated

by the LPP, which has been implicated in focused attention

and conscious stimulus recognition.

From a functional perspective, a considerable amount of

research relates late positive potentials to the quality and

accuracy of stimulus processing. For instance, research using

stimulus recognition tasks revealed that reported confidence

in recognition is associated with increased P3 amplitudes

[28]. Furthermore, attentional blink studies demonstrate that

the P3 amplitude systematically varied with conscious rec-

ognition [17]. Specifically, seen target stimuli (presented

during the attentional blink interval) elicited a P3 wave,

which was absent for unseen target stimuli [18, 19]. In

addition, findings from a masking study suggest the P3 as

neural correlate of conscious recognition reflecting wide-

spread activity in fronto-parieto-temporal networks [19].

Based on these data, one may speculate that a reduced LPP to

target pictures, due to a preceding emotional prime picture,

reflects a loss in the quality and accuracy of conscious

stimulus recognition. In a series of three studies, we provide

behavioral support for this notion by showing that emotional,

compared to neutral, pictures interfered with stimulus rec-

ognition of subsequently presented neutral stimulus

materials (Flaisch et al., submitted).

The LPP is preceded by a transitory ERP component,

the EPN, which is also sensitive to the emotional signifi-

cance of pictures. In a previous study, the EPN was subject

to interference by emotional prime pictures. Specifically,

the EPN elicited by target pictures over posterior sensor

locations was reduced when preceded by pleasant and

unpleasant compared to neutral cues [6]. These findings

were replicated with regard to pleasant pictures. In con-

trast, unpleasant prime pictures failed to show interference

effects when compared to neutral cues in the present study.

Several aspects may contribute to the different findings

regarding unpleasant pictures across both studies. The main

difference between both studies is presentation time

(330 ms vs. 660 ms). It may be hypothesized that pro-

cessing interference in fleeting processing stages resolves

with increasing processing times. Accordingly, EPN prime

effects may be less pronounced in the present study

because of longer picture presentations. Consistent with

this notion, prime interference effects were diminished in

the present compared to the previous study for unpleasant

(0.02 lV vs. 0.28 lV) and pleasant (0.34 lV vs. 0.51 lV)

cues. Furthermore, the finding that pleasant prime pictures

elicited significant target interference effects seems to be

secondary to greater EPN modulation for pleasant cues,

resulting in more pronounced prime interference to emo-

tional and neutral target pictures. Previous findings suggest

that the pleasant and unpleasant EPN difference is medi-

ated primarily by the great number of pictures with erotic

content [11]. Taken together, the EPN prime effect for

high-arousing pleasant cues with longer presentation times

(660 ms) suggest that interference effects extend in time

possibly due to reentrant activation of temporo-occipital

Brain Topogr (2008) 20:183–191 189

123



regions implicated in visual stimulus processing. To more

precisely explore the temporal dynamics of affective

interference effects, future research may systematically

vary picture presentation times.

In the present study, neither the EPN nor the LPP

component were affected by the congruency in hedonic

valence between picture pairs, i.e., whether prime and

target picture are similar or different in hedonic valence.

These findings contrast with previous ERP studies

exploring effects associated with stimulus repetitions in

affective priming and oddball-like experimental designs

using emotional facial expressions [29, 30]. However,

pronounced differences in terms of experimental design

and emotional stimulus materials render a comparison of

these and the present study difficult. With regard to

experimental methods, a major difference concerns task

set. The present research relied on passive picture viewing

while different result patterns might emerge in active task

contexts. With regard to emotional stimulus materials,

IAPS pictures of high emotional intensity were used, which

seemingly engage emotional response channels to a much

higher degree than facial expressions [31]. It therefore

seems noteworthy that despite presenting highly arousing

stimuli no reliable hedonic congruency effects between

picture pairs were observed. The inclusion of neutral

stimulus materials seems to be helpful to empirically

compare the notion of interference and affective priming.

Overall, it seems important to determine in future studies

whether affective priming effects are observed with IAPS

picture materials in active task contexts.

A large array of studies including behavioral, neuroim-

aging, and psychophysiological measures suggest that

emotional pictures naturally draw selective attention [5].

The rapid serial presentation paradigm affords to explore

how picture processing varies as a function of previously

seen emotional and neutral pictures. Focusing on late

positive potentials, the present findings demonstrate that

emotionally arousing pictures affect the processing of

subsequently presented pictures, irrespective of whether

these pictures depicted emotional or neutral contents.

These findings are consistent with the notion of interfer-

ence and competition for processing resources suggested

by cognitive and neuroscientific studies [23, 32–34].
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