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Abstract 
Attention allocation research frequently focuses on the valence of emotion. However, there is in-
creasing evidence to indicate that arousal may be more relevant at some stages of affective 
processing. The present study employed a combined priming and cue-target paradigm and ex-
amined event-related potentials (ERPs) in order to explore the effects of emotional conflict of 
arousal on attention allocation. The background context of arousal was manipulated (using photos 
of facial expressions) while subjects performed a cognitive task in which a central arrow cue indi-
cated the location of a peripheric target square, and a response was made according to the direc-
tion of the square. There was no main effect between incongruent emotion and congruent emotion 
in the response time, which means the resolution of the emotional conflict facilitate the partici-
pant behavioral response. There was a main effect of different emotional states on ERP component. 
In the present study, incongruent arousal also triggered greater positive potential compared with 
congruent arousal. 
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1. Introduction 
Affective facial pictures, which vary in terms of valence and arousal, have been utilized as a background mani-
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pulation in some studies. These studies indicate that cognitive processes are influenced by such background in-
formation [1] [2]. Most researchers have focused their attention on valence. However, there is evidence to sug-
gest that arousal may be more relevant at some stages of affective processing [3]-[5]. The present study adopted 
an arousal priming paradigm wherein an affective priming face was followed by another affective face (target 
face) after a certain interval. This paradigm elicits a congruent or incongruent arousal state, reflected by differ-
ences in reaction time (RT) and event-related potentials associated with the different arousal states [6]. Both the 
priming and target facial picture provide an emotional background.  

Since the cognitive conflict and the mechanism of conflict control have been explored broadly, the research-
ers have extended their attention to the affective conflict [7] by employing various paradigms, such as the emo-
tion AX-Continuous Performance [8], Word-Stroop task [9]-[11], the emotional Stroop task [12] and the emo-
tional Flanker task [13]. These researches indicated that the reaction times (RTs) on emotional incongruent trials 
are significantly longer than those on emotional congruent trials [7] [8] [13]. Interestingly, some studies have 
revealed that RTs on emotional incongruent trials are longer when preceded by an emotional congruent trial than 
when preceded by an emotional incongruent trial, as the same, RTs on emotional congruent trials are shorter 
when preceded by an emotional congruent trials than those when preceded by an emotional incongruent trial [9] 
[14]. These findings show that there may be emotional conflict adaptation to reduce the conflict by adjusting 
their subsequent performance when the participants were involved in emotional conflict. 

Overt orienting is another frequently used manipulation in orienting research [15]. This may involve guidance 
using a central cue. For instance, this cue, which may be embedded within a facial picture, indicates where the 
target may appear at the periphery of the picture. The response to the orienting task may be different depending 
on the congruence or incongruence of dynamically changing background arousal. 

Event-related potentials (ERPs) are known for their high temporal resolution, and so this method is well 
suited to the study of attentional orientation in congruent and incongruent arousal states. The P1 component is 
often used as an index of the early processing of stimuli in the visual cortex, as it is sensitive to non-specific in-
creases in spatial attention [16]. It has been suggested that P1 reflects the process of selective sensory gating in 
the visual pathways during spatial attention. The P1 amplitude is enhanced during increases in temporal atten-
tion after the prime stimuli, and is associated with temporal cues and increased targets [17]. Late positive poten-
tial (LPP), which occurs several hundred milliseconds after stimulus onset (about 300 ms - 600 ms), is another 
relevant component, distributed in the centro-parietal scalp region. It reflects an automatic increase in attention 
to visual emotional stimuli, and is mediated by the valence and arousal of affective pictures [18]. The emotional 
intensity of a stimulus will modulate the amplitude of the LPP. Emotional stimuli with positive or negative va-
lence elicits a larger LPP than neutral stimuli [19], and more arousing neutral valence pictures trigger a larger 
LPP than those that are less arousing [20]. 

In a priming paradigm, the priming stimulus is presented first, followed by the target stimulus. When the 
priming stimulus is presented, then the individual will encode some of the attributes of the stimulus and activate 
the corresponding brain regions, which prepare the individual for the upcoming target stimulus. If the following 
target stimulus shares some common attributes with the previous priming stimulus, then the processing of the 
target stimulus will be enhanced [21]. However, the response will be inhibited if the attributes between the 
priming and target stimuli are different. Hence, priming may facilitate or inhibit subsequent processing of a tar-
get stimulus [22]. 

In the present study, participants were required to complete an experiment that comprised a combined priming 
and cue-target paradigm. Specifically, a cue arrow was embedded within a priming facial picture, which indi-
cated the location of a square presented in the periphery of the subsequent target picture. The target picture was 
either congruent or incongruent with the priming picture in terms of arousal. As mentioned above, congruent 
arousal pictures may activate similar brain regions which facilitate the processing of the target picture, whereas 
incongruent pictures, with little or no overlap, may hinder processing of the target [23]. In our experiment, the 
paradigm is a little different with those paradigm mentioned before, we hypothesize that there will be the same 
effect occurred in our paradigm: the conflict condition which means the incongruent condition will employ more 
cognitive resource to resolve the emotional conflict, then the conflict condition will elicited more positive late 
ERP amplitudes than those elicited by non-conflict arousal photos. Since the conflict condition required more 
cognitive resource, then the participant may contribute more resource on the attention task, so the RTs is shorter 
in the incongruent condition than those in the congruent condition. 
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2. Material and Methods 
2.1. Subjects 
Seventeen right-handed, healthy college students with normal or corrected-to-normal visual acuity were re-
cruited to participate in the study (6 males, M = 21.5 years, SD = 1.64; 11 females, M = 21 years, SD = 1.55). 
All subjects gave written informed consent to participate and were paid for taking part. The study protocol was 
approved by the relevant ethics institution. 

2.2. Stimulus Materials 
Thirty gray scale pictures were selected from the native Chinese Facial Affective Picture System [24]. Ten of 
these were selected for the practice experiment to familiarize participants with the task procedure (5 priming 
photos [3 female, 2 male, arousal 5.06 ± 0.147, valence 4.41 ± 0.51], and 5 target photos [3 female, 2 male, 
arousal 5.00 ± 0.23, valence 5.00 ± 0.23]). The remaining 20 photos were used in the formal experiment (10 
high arousal photos [5 male, arousal 8.00 ± 0.41; 5 female, arousal 7.27 ± 0.28], and 10 low arousal photos [5 
male, arousal 4.00 ± 0.41; 5 female, arousal 3.33 ± 0.24]. There was a significant difference between the high 
and low arousal photos (p = 0.001), with no difference in valence (p = 0.187). The red (guide) arrow had a visu-
al angle of 2°× 0.3°, and RGB values were 255, 0, 0. Square 1 was light in color, with a visual angle of 1.2°× 1.2°, 
and RGB values of 185, 225, 225. Square 2 was dark in color, with a visual angle of 1.2°× 1.2°, and RGB values 
of 0, 225, 225. The prime and target facial photos were displayed in the center of the screen with a visual angle 
of 10°× 10°. E-prime 1.1 software (Psychology Software Tools, Inc., USA) was used to present the stimuli and 
record RT. 

2.3. Procedure 
The experiment was conducted in a sound-attenuated room. The subjects were seated approximately 80 cm from 
the computer screen. The procedure for one trial is depicted in Figure 1.  

Each trial was initiated by a 300 - 500 ms presentation of a small white fixation on a black screen. Then, an 
emotional (low or high arousal) facial expression photo (priming stimulus) was presented in the center of the 
screen for 200 ms. A red arrow embedded in the center of the photo indicated the location of the square that fol-
lowed (square 2). In the priming photo, two squares (square 1) were located on the left and right side of the 
photo. The priming photo was replaced by a blank black screen presented for 100 - 150 ms [6], followed by the 
target photo (low or high arousal) for 1000 ms. Two squares were presented at the same location as those in the 
priming photo, but the color of one square (square 2) was darker than square 1.  

The study comprised four conditions: low arousal prime followed by low arousal target (L-L); low arousal 
prime followed by high arousal target (L-H); high arousal prime followed by low arousal target (H-L); and high 
arousal prime followed by high arousal target (H-H). The L-L and H-H conditions were congruent in arousal,  
 

 
Figure 1. Example of experimental sequence for one trial.                  
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and the L-H and H-L conditions were incongruent.  
Subjects responded to the location of square 2, which may have been in the position indicated by the direction 

of the arrow in the prime photo, or in the opposite direction. Half of the subjects pressed the “G” key if square 2 
appeared on the left side of the photo, and “H” if it appeared on the right side. The responding keys were re-
versed for the other half of the participants. There was an 80% possibility that the red arrow indicated the correct 
position of square 2%, and a 20% possibility that square 2 appeared on the opposite side to that indicated by the 
arrow. The inter-stimulus interval was 500 - 800 ms.  

The experiment consisted of five blocks. Each block had 80 trials, with 80% valid cue indication and 20% 
invalid cue indication in each block. Both the direction of the cue and the location of the target square were pre-
sented an equal number of times on the left and the right. There were 20 trials prior to the experiment in order to 
familiarize subjects with the experimental procedure. 

2.4. ERP Recording and Data Processing 
The electroencephalogram (EEG) was recorded from 58 scalp sites using an elastic cap (Brain Products, Munich, 
Germany). Two electrodes were placed lateral to the external canthi to record horizontal electrooculogram 
(HEOG). Another two electrodes were placed at the supra- and infra-orbital of the left eye to record vertical 
electrooculogram (VEOG). All electrodes were referenced to a left mastoid electrode and re-referenced offline 
to the average of the left and right mastoids. The EEG and EOG data were amplified using a DC-100 Hz band-
pass and continuously sampled at 500 Hz/channel. All inter-electrode impedances were maintained below 5 kΩ. 
All data analyses were conducted using ERPLAB Toolbox (http://www.erpinfo.org/erplab) and EEGLAB 
Toolbox [25] (http://sccn.ucsd.edu/eeglab/), which are freely available, open source, Matlab-based packages for 
EEG/ERP data analysis. The EEG data were high-pass filtered at 0.1 Hz and low-pass filtered at 30 Hz. Epochs 
containing blinks, eye movements, or other artifacts were excluded from further processing (amplitudes exceed-
ing ± 100 uV). 

The recorded ERPs, which were time-locked to the onset of the target photos, were assessed relative to a 150 
ms pre-stimulus baseline (i.e., 150 ms prior to the presentation of the priming photo). The averaged epoch for 
ERPs was 1000 ms, including the 150 ms baseline. In the present study, the mean amplitudes of the P1 and LPP 
components were analyzed. The following electrodes were used for analysis of the P1 component: O1, O2 and 
Oz. The electrode sites used for the LPP analysis were: Cz, CPz, Pz, POz and Pzi which were averaged from 
CP1, CP2, CPz, P1, Pz, P2, PO1, POz, PO2 [Figure 2]. Due to the complexity of the LPP component, it was di-
vided into 300 - 400 ms, 400 - 500 ms, 500 - 600 ms time windows. 

The ANOVA for the ERPs evoked by the target stimuli during the time range of the P1 component included 
four factors: arousal emotion (congruent, incongruent), cue validity (valid, invalid), target location (left, right) 
and electrode location (O1, O2, Oz). The ANOVA for the ERPs evoked by the target stimuli during the time 
range of the LPP component included the same four factors with the exception that electrode locations were Cz, 
CPz, Pz, POz and Pzi. The Greenhouse-Geisser method was used to correct the degrees of freedom of the F-ratio 
when violations of sphericity may have occurred. A Bonferroni correction was employed for multiple compari-
sons of behavioral and ERP data 

3. Results 
3.1. Behavioral Data 
Trials with correct responses and RTs between 250 ms and 1000 ms were included in the RT analysis. Those 
data with RTs less than 250 ms were replaced with the mean RT for that subject. There was no main effect on 
incongruent and congruent emotional states (F[1,16] = 0.20, p = 0.660, partial η2 = 0. 012), which shows there 
was no difference between the different emotional states.The three-way repeated measures ANOVA results re-
vealed a main effect of cue validity (F[1,16] = 17.82, p < 0.01, partial η2 = 0.527, valid cue M = 461.31, SD = 
11.96, invalid cue M = 475.53, SD = 13.07; Table 1). There was also a tendency for an interaction effect be-
tween arousal emotion, cue validity and target location (F[1,16] = 3.35, p = 0.086, partial η2 = 0. 173). This in-
dicates that the invalid cue decreased RT, different arousal states interacted with cue validity, and target location 
influenced RT. No other main effects or interaction effects were revealed. 

http://www.erpinfo.org/erplab
http://sccn.ucsd.edu/eeglab/
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 Invalid cue in incongruent emotional states  
 Invalid cue in congruent emotional states 

Figure 2. Grand average of target-elicited ERP waveforms at central-parietal sites.                                  
 
Table 1. RT (ms) for each trial condition.                                                                       

 Main effect Interaction 

 V I V-L V-R I-L I-R 

Mean 461.31 475.54 463.68 458.94 474.74 476.33 

SD 11.96 13.07 12.13 12.19 13.00 14.04 

a. V, valid cue; I, invalid cue; V-L, valid cue × direction left; V-R, valid cue × direction right; I-L, invalid cue × direction left; I-R, invalid cue × di-
rection right. 

3.2. ERP Data 
3.2.1. P1 Component 
The repeated measures ANOVA revealed no main effect on emotional arousal, cue validity, target location and 
electrodes and the other interaction on those factors, but there were significant interaction among emotional 
arousal, cue validity and target location (F[1,16] = 4.65, p < 0.05, partial η2 = 0.23), which provide electrophy-
siological evidence for the behavioral result, as it mentioned in the behavioral part that there were a tendency for 
an interaction effect between arousal emotion, cue validity and target location, the ERP data provide more con-
crete result. Specifically, in the target left and cue valid condition, the amplitude in the incongruent emotional 
arousal state (−2.26 ± 1.78uV) was much bigger than that in the congruent state (−1.58 ± 2.26), while in the 
same target condition and emotional states, the cue invalid condition (−2.76 ± 1.80uV) trigger much bigger am-
plitude than that in the cue valid state (−1.50 ± 2.80uV), which indicate that the incongruent emotional state will 
trigger stronger amplitude than that in the congruent state, but the cue invalid condition will facilitate the ampli-
tude of the component. There was also leaning towards significant interaction between emotional states and 
electrode sites (F[2,32] = 2.19, p = 0.12, partial η2 = 0.12). 

3.2.2. LPP Component 
300 - 400 ms. There were significant main effects of electrode sites (F[4,64] = 14.72, p = < 0.01, partial η2 = 
0.819). In addition, the main effect of congruent and incongruent arousal (F = [1,16] = 3.05, p = 0.1, partial η2 = 
0.160) did not reach the traditional level of significant, but it resides on the edge of significance. There was also 
a trending towards significance for an interaction between emotional states and cue validity (F[1,16] = 3.15, p = 
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0.09, partial η2 = 0.165). 
400 - 500 ms. There were significant main effects of emotional states (F[1,16] = 6.64, p = < 0.05, partial η2 = 

0.293), and of electrode sites (F[4,64] = 19.77, p = < 0.01, partial η2 = 0.553). This indicates that the incongru-
ent emotional states triggered a larger positive LLP than congruent states, which is similar to the findings for the 
P1 component, for the incongruent state (M = 7.90, SD = 2.04), the congruent state (M = 6.09, SD = 1.97), for 
more details in Table 2. In addition, there was a significant interaction between location of the target and elec-
trode sites (F[4,64] = 9.00, p = < 0.01, partial η2 = 0.360). The interaction among emotional states, cue validity 
and target location was tantalizingly close to significance (F[1,16] = 2.88, p = < 0.109, partial η2 = 0.153).  

500 - 600 ms. The results for LLP in the 500–600 ms time window were similar to those in the 400 - 500 ms 
time window. There was a significant main effect of emotional states, (F[1,16] = 5.33, p = < 0.05, partial η2 = 
0.250). As in the 400 - 500 ms time window, there was a significant interaction between target location and 
electrodes, (F[4,64] = 10.15, p < 0.01, partial η2 = 0.388).In addition, there was significant interaction between 
cue validity and electrode sites (F[4,64] = 2.71, p < 0.05, partial η2 = 0.145).Compared with the 400 - 500 time 
window, the interaction among emotional states, cue validity and target location was significant (F[1,16] = 5.42, 
p = < 0.05, partial η2 = 0.253). The simple effect of emotional states within cue invalid within right side target 
location was significant (F[1,16] = 4.48, p = < 0.05), there were also significant simple effect of emotional states 
within valid cue within right side target location (F[1,16] = 7.41, p < 0.05), which indicate that no matter what 
the cue validity is the right target location has stronger LPP amplitude in the incongruent emotional state. 

4. Discussion 
Unlike previous research, which has focused on the dimension of valence, the present study involved dynamic 
changes in arousal state, which may be more representative of daily life. In the dynamic change of congruent 
and incongruent arousal states which triggered conflict state in the incongruent condition. However, the current 
experiment used a combined cue-target and priming paradigm to explore the implicit effect of congruent or in-
congruent arousal photos on attentional orienting. There was no difference on the behavioral result between the 
incongruent state and congruent state, but the result of ERP component, especially the LPP indicate that the dif-
ferent emotional state triggered different wave forms which suggest that the process of the two emotions were 
different. Meanwhile, the ERP waveforms associated with attentional orienting were different under congruent 
and incongruent arousal conditions, suggests that the different arousal states influenced attentional orienting. 

As it mentioned above that there was no difference on the behavioral result between the two emotional states, 
which means there was no conflict effect in the incongruent condition, in other words, there was emotional con-
flict adaptation, which is consistent with the previous study that the participant will strategically adjust their 
emotional information processing to reduce the conflict [9]. RT is an index to indicate the resolution of the con-
flict, and there was no different under the incongruent and congruent states on the RT in our study, which sug-
gest there was conflict resolution in the process of incongruent arousal face. 

The P1 component associated with an invalid cue indication was significantly different at the occipital lobe 
(compared with the valid cue): the amplitude of P1 was larger for the invalid cue condition than the valid cue 
condition, which is consistent with a previous study [26]. This may be due to a tendency to enhance the visual 
response to targets at an attended location [27] and possibly suppress information that occurs at an unattended 
location; less cognitive resources are required to process an attended stimulus than an unattended stimulus, re-
sult ing in greater brain potential for the invalid cue indication target. 
 
Table 2. Mean amplitude (uV) of the electrode sites on different emotional states.                                          

Emotional states 
Electrode sites Incongruent emotional state Congruent emotional state 

CPz 7.02 5.41 

Cz 2.24 0.52 

POz 11.46 9.76 

Pz 10.13 8.11 

Pzi 8.65 6.65 
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The other ERP component we focused on was the LPP, which occurs approximately 300 ms following stimu-
lus onset at the central-parietal midline [18]. It is sensitive to a number of contextual and regulatory factors. Foti 
and Hajcak found that the amplitude of the LPP was modulated in neutral and negative descriptions that pre-
ceded unpleasant pictures. Specifically, the LPP was reduced for unpleasant pictures which were preceded by a 
neutral compared with a negative description [28]. In another recent matching and repetition priming study, LPP 
was revealed to be reduced in response to an unprimed target, and a primed target was associated with an LLP of 
a greater magnitude [29] [30]. In our study, we observed a similar modulated effect of LPP in an arousal context. 
Brain potentials were more positive in arousal incongruent states than in congruent states at the central-parietal 
midline region. This indicates that both arousal and valence have a modulating effect on LPP. One convincing 
explanation is that the incongruent condition was similar to an unprimed task, and there was no arousal-related 
priming effect. In the congruent condition, the priming photo may have activated brain religions that overlapped 
with those activated by the target photo for congruent stimuli, and this overlap effect resulted in a more positive 
potential. In contrast, the priming cue may have enhanced processing of the target in the congruent trials, so a 
stronger LPP was observed. 

Another interesting result of the current study was that there was a significant main effect of emotional states, 
(F[1,16] = 5.33, p = < 0.05, partial η2 = 0.250) in 500 - 600 ms for the LPP, which shows the mechanism of 
processing the incongruent emotion were different with congruent emotion. There were interaction (F[1,16] = 
5.42, p = < 0.05, partial η2 = 0.253) among emotional states , cue validity and target location in the 500 - 600 ms 
time window for the LPP, further analysis suggest that no matter what the cue validity was the effect of emo-
tional conflict was significant different in right side target location, which shown the right side dominant. A 
possible explanation is that the priming associated with the congruent emotional state was reflective of residual 
activation of the neural cluster for the preceding face context which overlapped with the subsequent congruent 
arousal face [31]. This may have facilitated the processing of the target face, enabling the participant to use 
more cognitive resources to deal with the incongruent task, thereby resulting in greater positive potential for the 
incongruent emotional condition. For the right side dominance, the result is consistent with the previous studies 
[32] [33], according to Welsh and Elliott’s response activation model, the cues activate response codes for 
movement in that direction, so the right side dominance occurred, a saccadic eye movements got similar results 
[34].  

Our study was mainly concerned with the difference in brain potentials associated with congruent or incon-
gruent arousal states. Some recent studies have focused on various emotional conflict conditions, primarily in-
cluding four kinds of conflict: low-low conflict, low-high conflict, high-high conflict, high-low conflict [35] 
[36]. These studies have addressed the emotional adjustment in dynamic conflict conditions, which has enabled 
investigation of more precise processing such as dynamic situations and the processing of abundant information. 
This has informed our ideas for further investigation in which we aim to design a more precise experiment and 
pinpoint the mechanism of the processing of dynamic arousal states. 

5. Conclusion 
In summary, this study extends on previous investigations by focusing on the effect of arousal in a priming study, 
utilizing a dynamically changing arousal condition which is more representative of real life. There is no main 
effect between incongruent emotion and congruent emotion in the response time, which means the resolution of 
the emotional conflict facilitate the participant behavioral response; there is main effect of different emotional 
states on ERP component in the present study. Incongruent arousal also triggers greater positive potential com-
pared with congruent arousal. 
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