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Abstract

Recent studies suggest an advantage in the recognition of dynamic over static facial expressions of emotion. Here, we
explored the differences in the processing of static and dynamic faces under condition of time pressure. A group of 18
participants classified static and dynamic facial expressions (angry, happy, and neutral). In order to increase the goal-
directed attention, instructions emphasized speed and announced time pressure in the interval for the response (maximal
600 ms). Participants responded faster and more accurately in the static than in the dynamic condition. Event-related
potentials (ERPs) showed larger amplitude of the P1 (90–130 ms) and LPC (300–600 ms) components for dynamic relative to
static stimuli, indicating enhanced early visual processing and emotional attention. On the other hand, the N170 was more
negative in static relative to dynamic faces, suggesting better structural encoding for static faces under time pressure. The
present study shows some advantages in the processing of static over dynamic facial expressions of emotion when the top-
down (goal-driven) attention is strengthened.
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Introduction

The recognition of facial expressions is fundamental in human

communication. Most of the numerous studies investigating the

recognition of facial expressions of emotion recognition used static

images of faces as stimuli [1]. However, in real life people usually

confront dynamic facial expressions with rapid changes.

Recently, some studies compared the processing of dynamic

versus static facial expressions of emotions, and showed an

advantage in the recognition of dynamic facial expressions. More

particularly, dynamic facial expressions were recognized more

accurately [2,3], more quickly [4], and perceived with greater

arousal and intensity [5,6] than static ones. One interesting aspect

of this phenomenon, so-called dynamic advantage, is that in static

stimuli the configuration of facial muscles providing the informa-

tion necessary to identify the expressions is available earlier than in

dynamic. Static facial expressions show the full-intense expression

already from the onset of the stimuli, whereas in dynamic stimuli,

the facial expressions emerge from a neutral face, developing in

several milliseconds. Hence, dynamic expressions provide some

form of information that is absent in static and compensates the

weak intensity of the expressions during their rising [2].

It should be noted that the dynamic advantage reported in some

of those studies were not presented in all emotional categories [2–

4]. One study showed slower processing for dynamic than static

expressions, and explained this static advantage in terms of ceiling

effects, since the static condition (i.e., the pictures of fully

developed, intense facial expressions) yielded almost perfect

identification [7]. Besides the perfect identification in the static,

one more important factor to reverse the dynamic advantage is that

the trials were self-paced, with each trial starting after recording

the previous response. Such a design could facilitate participants

focusing on task-relevant factors [8,9], and then help the static

facial expressions to get some advantage in facial categorization

because they are fully developed at the onset. In contrast, in

dynamic face-stimuli, the expression in the first frame after the

onset is still incomplete. Considering these factors, a reduction or

even an inversion of the processing advantage for dynamic over

static facial expressions seems plausible, at least under some

circumstances.

It is interesting that time pressure might also play similar role as

the self-paced procedure on participants’ performance. Karau and

Kelly [10] proposed the attentional focus model (AFM) to explain

the effect of time pressure. They argue that under conditions of

time pressure, temporal constraints and task demands become

more salient, leading participants to focus on task accomplishment,

and in turn, to attend more readily to those features that seem

most important to complete the task. AFM was supported by

many studies [11–13]. It should be noted that time pressure

facilitates faster but also premature actions, as increases the

number of commission errors [14].

ERP studies have shown an enhanced visual processing of

emotional relative to neutral faces at different stages of processing.

The P1 is a positive peak around 100 ms post-stimulus onset,

maximal over posterior sites, considered to reflect the processing of

the low-level features in the extrastriate visual cortex [15]. The P1
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amplitude is sensitive to manipulations of attention [16,17], and in

some studies to facial expressions of emotion [18–20].

The N170 is negative-going deflection, peaking around 170 ms

over the lateral occipito-temporal electrode sites, greater ampli-

tude for faces compared with other stimuli, and therefore related

with the structural encoding of the face [21,22]. Like for the P1,

there are inconsistent findings about the emotion effects on the

N170. Some studies reported effect of facial expressions on the

N170 [18,23,24], whereas others did not [25,26]. Interestingly, the

temporal properties of the dynamic facial expressions, like the

speed in the rising time also impact the emotional modulation of

the N170 [27].

The processing of facial expressions appears more consistently

in ERPs after 200 ms, Subtractive-waves emotional minus neutral

typically show more negative amplitudes for emotional than

neutral stimuli at posterior electrodes in the so-called early

posterior negativity (EPN) [28], and a positive counterpart on

frontal sites [29]. The EPN is considered to reflect enhanced

sensory processing of emotional stimuli [30,31].

The late positive complex (LPC, also called late positive

potential, LPP) appears as a positive going deflection over

central-parietal electrodes in the time window of 300–600 ms

after stimuli onset. The amplitude of LPC is thought to reflect the

process of categorization and attention to motivationally relevant

information [25,32]. LPC amplitudes are normally larger for

emotional stimuli of negative valence, for example, one study [27]

revealed larger LPC amplitudes for dynamic expressions of anger,

disgust, fear, sadness and surprise, relative to both neutral and

positive (happiness) expressions, indicating higher intrinsic rele-

vance and more attention for the processing of negative

expressions at later stages.

The EPN and LPC components are larger for dynamic than

static facial expressions, suggesting that the dynamic advantage

relates to a gain in the early visual processing and greater

allocation of emotional attention [4,27].

According to the hypothesis of three stages in the processing of

facial expressions [33], the P1 reflects a first stage of automatic

processing of negative expressions; the N170 and EPN reflect a

second stage, in which emotional facial expressions are distin-

guished from neutral; and the LPC reflects a third stage, in which

emotional facial expressions are differentiated from each other.

The present study investigated the impact of time pressure in

the processing of static and dynamic facial expressions of emotion.

We hypothesize that introducing time pressure in the emotion

classification task will encourage participants to focus in the early

interval after stimulus onset to extract emotional information as

soon as possible, in which dynamic expressions are incomplete as

they are still emerging from neutral. Therefore, static emotional

expressions may be processed more accurately and quickly than

the dynamic. To test this hypothesis, the present study used a

similar procedure as [4], and introduced time pressure by setting a

limited time window for the stimuli presentation and the

participants’ response.

We expect a reduction or even an inversion of the dynamic

advantage, and hence, faster reaction times (RTs) for the

classification of static than dynamic expressions. Congruently,

the effect of facial expressions (happy, neutral, and angry) in the

ERPs might appear earlier in static than dynamic stimuli.

Regarding the effect of presentation mode (dynamic, static) in

the ERPs, we have two alternative hypotheses. The first hypothesis

predicts that the dynamic advantage will emerge in ERPs earlier

than the EPN, as shown in [4] where there was no time pressure to

respond. The effect of presentation mode might reflect the

advantage of dynamic faces grabbing attention and the processing

of more complex information (i.e., multiple frames, motion, and

expressional change) than the static. The second hypothesis

predicts some form of static advantage in the ERPs reflecting a

better processing of static stimuli due to its full and constant

expression, compared with the changeable and incomplete

expression in the dynamic stimuli.

Method

Participants
A group of 20 participants (five men; M=25.05 years old,

SD=1.05, range = 22,27) rated the face-stimuli in terms of

valence that were used afterwards in the main experiment.

Another group of 18 participants (eight men; M=23.7 years,

SD=1.21, range= 21,27 years) attended the main experiment.

All participants had normal or corrected-to-normal vision and

reported no history of brain injuries, medications or drugs

consumption. Participants were students at Liaoning Normal

University and gave informed written consent prior to participa-

tion in the studies. All participants received a gift after the

experiment. The ethical review committee of Liaoning Normal

University approved the protocol.

Materials
All stimuli were created with the animation software FaceGen

[34], which can create face pictures and allows control of

emotional intensity, gender and ethnicity in an analog scale.

The numbers of face stimuli of each ethnicity and gender are

shown in Table 1. Crosstabs test revealed the numbers of male and

female photos did not differ significantly among different

treatments (race by facial expression), for male photos, x2 = 1.20,

df=2, p=0.55; for female photos, x2 = 0.36, df=2, p=0.84.

In the static condition, stimuli consisted of face images showing

happy, angry (fully-intense) or neutral facial expressions. In the

dynamic condition, emotional expressions were displayed in a

series of three consecutive pictures progressively increasing the

intensity of the expression. The expression intensity of the first

picture was 33%; the second was 66%; and the third showed the

point of maximal intensity (100%) displayed also in the static

condition. The first and second pictures were presented for 50 ms

each. The third picture showing the fully-intense expression was

displayed frozen until participants responded, with a maximal

presentation time of 500 ms. For the three pictures in the dynamic

neutral expressions, the first and the third pictures showed static

neutral expression with open eyes, and the second image showed

the face with closed eyes, giving the impression of a blink. Hence,

three facial expressions (happy, angry, and neutral) were displayed

in static and dynamic fashion. Each of the static and the dynamic

stimuli was maximally presented for 600 ms. Exterior features (i.e.,

hair, ears, and neck) were covered with an oval shape.

In the pre-rating study, participants rated the emotional valence

of the static stimuli, namely, the fully intense emotional expressions

and neutral. Ratings were performed on a 9-point scale (1 =most

negative, 9 =most positive). Results differed among angry (M=2.40,

SD= .53), neutral (M=4.37, SD= .59), and happy (M=6.75,

SD= .75). ANOVA revealed a significant main effect of valence, F

(2, 57) = 81.28, p,.001. Post-hoc multiple comparisons showed

that all pairs were significant (all ps,.01): angry vs. happy, t

(38) = 21.18; happy vs. neutral, t (38) = 11.16; angry vs. neutral, t

(38) = 11.00.

Procedure
Participants seated in a comfortable chair in a dimly illuminated

room at one meter of distance from a computer screen. Stimuli

Time Pressure Inhibits Dynamic Advantage

PLOS ONE | www.plosone.org 2 June 2014 | Volume 9 | Issue 6 | e100162



were presented using E-prime v1.2. Figure 1 shows the sequence of

events in trials of static and dynamic conditions. Participants were

instructed to classify the facial expressions as angry, happy, or

neutral as soon as possible after the stimuli appeared but before it

disappeared (max. 600 ms) by pressing one of three keys with the

index and middle fingers. The response pattern was counter-

balanced among participants. Pictures disappeared when partic-

ipants gave a response. If no response was given within the 600 ms

that the stimuli were presented, the stimulus disappeared. The

whole experiment included six practice trials and 240 experimen-

tal trials (each condition had 40 trials). Feedback for correct and

incorrect responses was provided in practice trials only. Partici-

pants started with the experiment only after their accuracy rate

(ACC) in the practice trials achieved 100%. Short, self-adminis-

tered breaks appeared after 60 trials. The sequence of trials was

fully randomized across participants.

Data Collection
Behavioral data included RTs and ACC. RTs were calculated

from the onset of the stimuli (in the dynamic condition this point

was the onset of the first picture of the sequence). All trials with

RTs slower than 600 ms were marked as missed and discarded

from further statistical analyses in behavioral and ERP data

(18.85% of the total).

The electroencephalogram (EEG) was recorded with a 128-

channel EEG system (EGI, Eugene, USA) and filtered online using

0.1–100 Hz band-pass filter at 250 Hz sampling rate with a 22 bit

A/D converter. The vertex channel (Cz) was used as reference

during acquisition. Electrode impedances were kept below 50 kV.

According to Ferree, Luu, Russell, and Tucker [35] recommen-

dations for EGI EEG system, there are no significant changes in

amplitude in any EEG frequency bands by increasing the scalp-

electrode impedance from less than 10 kV to (<) 40 kV (most

about 50 kV). Offline, the continuous EEG data was filtered with a

30 Hz low-pass, re-calculated to average reference and then

segmented relative to the onset of the first facial expression picture

(200 ms before and 600 ms after) according the experimental

conditions. After averaging, segments were baseline corrected

200 ms before stimulus onset.

Segments including eye blinks, eye movements or other artifacts

were excluded from analyses (5.01% of trials with correct

responses). Segments were considered with artifacts if they

contained ten or more channels exceeding a voltage threshold of

200 mv (absolute) or a transition threshold of 100 mv (sample to

sample). Statistical analyses were conducted over 76.92% of total

trials. The numbers (M6SD) of trials in the dynamic condition are:

angry (3165), happy (3065) and neutral (2964); and in the static:

angry (3364), happy (3264), and neutral (3065).

Results

Repeated measures analyses of variance (ANOVA) were

conducted on behavioral and ERP data with SPSS11.5 (SPSS

Inc., Chicago, IL, USA), with the factors presentation mode (2

levels: dynamic, static), and facial expression (3 levels: happy,

neutral, angry). Analyses of the ERP data included also the factor

of electrodes cluster position (2 levels: left, right). F values and

degrees of freedom were Greenhouse-Geisser corrected when the

Table 1. The number of face stimuli of each ethnicity and gender.

Male Female

Angry Happy Neutral Angry Happy Neutral

Western 13 7 13 10 15 13

Asian 9 8 7 8 10 7

doi:10.1371/journal.pone.0100162.t001

Figure 1. The sequence of events in a trial showing emotional facial expressions of anger in static (right) and dynamic (left)
presentation modes.
doi:10.1371/journal.pone.0100162.g001
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variance sphericity assumption was not satisfied. Post-hoc tests

were corrected for multiple testing using the Bonferroni correction.

The partial eta-squared value (gp
2) indicate estimates of the effect

size.

Behavioral Results
Mean RTs and ACC are presented in Table 2. For RTs, the

ANOVA showed a main effect of presentation mode, F (1,

17) = 23.66, p,.001, gp
2= .58, reflecting significantly slower RTs

for dynamic than static condition. The effect of facial expression

was not significant (p= .15). The interaction effect between

presentation mode and facial expression was significant, F (2,

34) = 6.29, p,.01, gp
2= .27, reflecting that the effect of presenta-

tion mode was significant for angry, F (1, 17) = 35.27, p,.001,

gp
2= .68; and happy conditions, F (1, 17) = 15.82, p,.01, gp

2= .48,

but not for neutral (p= .98).

Data from ACC showed a main effect of presentation mode, F

(1, 17) = 18.12, p,.01, gp
2= .52, reflecting lower ACC in the

dynamic relative to the static condition. The effect of facial

expression yielded a trend, F (2, 34) = 2.58, p= .09, gp
2= .13. The

two-way interaction was not significant (p= .26).

ERP Results
Based on visual inspection of the ERPs (see Figure 2) and

previous studies [4,16,17,21,24], two clusters (left and right) of

electrodes were selected for each component (the names of the

equivalent electrodes in the standard 10–20 system are also given

for comparison). For the P1 the left group of electrodes includes 58

(T5), 64, 65, 69 and 70 (O1), and the right includes 83 (O2), 89,

90, 95 and 96 (T6). For the N170, the left group includes 57, 58

(T5), 63, 64, 65, 68 and 69, and the right one 89, 90, 94, 95, 96

(T6), 99, and 100. For the EPN, the left cluster includes 58 (T5),

59, 64, 65, 66, 69, 70 (O1), 71, and 74, and the right one 76, 82,

83 (O2), 84, 89, 90, 91, 95, and 96 (T6). For the LPC, the left sites

were 30, 31, 36 (C3), 37, 41, 42, 47, 52 (P3), 53, 54, 60, and 61,

and the right ones were 78, 79, 80, 85, 86, 87, 92 (P4), 93, 98, 103,

104 (C4), and 105. Clusters and electrodes are marked with black

dots and circles in Figures 2 and 3.

Averaged ERP amplitudes were exported for each component

in the selected time intervals indicated below separated for the left

and the right cluster of electrodes (Figure 2).

P1 (90–130 ms). Figure 2 (top) shows the waveforms and

topographic maps for the P1. The ANOVA over P1 amplitudes

only showed significant effect of presentation mode, F (1,

17) = 8.61, p,.05, gp
2= .26. The P1 was larger in the dynamic

(M=3.36 mv, MSe= .44) than the static condition (M=2.96 mv,
MSe= .47). All the interactions effects and the main effects of

electrodes cluster position, and facial expression were not

significant (ps..05).

N170 (130–200 ms). For the N170 amplitude (Figure 2,

bottom), the ANOVA yielded significant effects of facial expres-

sions, F (2, 34) = 4. 84, p,.05, gp
2= . 22 and presentation mode, F

(1, 17) = 13.23, p,.01, gp
2= .44. The two-way interaction was not

significant (p..05). Post hoc analysis revealed larger N170 for

angry (M=2 4.61 mv, MSe= .65) than neutral faces (M=2

4.05 mv, MSe= .64), F (1, 17) = 7.53, p,.05, gp
2= .31. The main

effect of presentation mode reflected larger N170 amplitude for

static (M=2 4.60 mv, MSe= .68) compared with dynamic facial

expressions (M=2 4.13 mv, MSe= .63). The main effect of

electrodes cluster position and its involved interaction effects were

not significant (p..05).

Supplementary analysis of P1 and N170. Since dynamic

faces elicited greater P1, but less N170 than static ones, it is

reasonable to doubt whether the effect of presentation mode in the

N170 was simply a carry-over effect. Carry-over effects could

affect the effect of presentation mode across facial expressions, but

cannot account for the effect of facial expressions within each

presentation mode. Hence, if effects of facial expressions appear

within the static but not within the dynamic condition, this would

indicate a better configural processing of some facial expressions in

the static condition. To verify this question, we added statistical

analysis of the facial expression effect on P1 and N170 separately

for the dynamic and the static. For the P1, the effects of facial

expression were not significant in the static or in the dynamic

condition (Fs,1). As expected, for the N170 the effect of facial

expression was significant in the static condition, F(2, 34) = 4. 24,

p,.05, gp
2= .19, but not in the dynamic, F(2, 34) = 1. 38, p= .27.

Follow-up analysis revealed a significant (p,.05) difference in

N170 amplitude between angry static (M=2 4.92 mv, MSe= .68)

and neutral static (M=24.25 mv, MSe= .68).

EPN (200–300 ms). For the EPN amplitude (Figure 3, top),

we only observed a significant effect of facial expressions, F (2,

34) = 11. 39, p,.01, gp
2= .40. EPN amplitudes were larger for

angry (M= 1.69 mv, MSe= .75) than for neutral (M= 2.69 mv,
MSe= .76), F (1, 17) = 13.26, p,.01, gp

2= .44. EPN amplitudes

were also larger for happy (M= 1.54 mv, MSe= .76) expressions in

relation to neutral, F (1, 17) = 19.25, p,.01, gp
2= .53. All the

interaction effects and the main effects of presentation mode, and

electrodes cluster position were not significant (p..05).

LPC (300–600 ms). For the LPC component (Figure 3,

bottom) we obtained significant main effects of facial expressions,

F (2, 34) = 6. 51, p,.01, gp
2= .28, and presentation mode, F (1,

17) = 7.96, p,.05, gp
2= .32. Overall, the LPC was more positive in

the dynamic (M= 5.52 mv, MSe= .54) than in the static condition

(M= 5.13 mv, MSe= .51) condition. The two-way interaction was

not significant. Post-hoc analyses revealed a significant difference

(p,.05) for the comparison angry (M=5.84 mv, MSe= .56) versus

neutral (M= 4.91 mv, MSe= .56), F (1, 17) = 11.98, p,.01,

gp
2= .41. The main effect of electrodes cluster position and its

involved interaction effects were not significant (p..05).

Discussion

The present study investigated whether the dynamic advantage in

the recognition of facial expressions of emotion can be inhibited by

setting a limited time window for the participants to respond, thus,

Table 2. RT (ms) and ACC (proportion of correct trials) separated for conditions.

Angry (M6MSe) Happy (M6MSe) Neutral (M6MSe)

RT ACC RT ACC RT ACC

Dynamic 486.6568.97 .816.03 483.0765.89 .806.03 488.9767.42 .776.02

Static 465.5867.85 .876.02 468.0165.88 .836.02 488.8465.35 .796.03

doi:10.1371/journal.pone.0100162.t002
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increasing their attention to the task [10,13], and especially to the

early time window in which the dynamic expressions are still

emerging. In line with our hypothesis, we did not observe a

dynamic advantage under conditions of time pressure, in fact,

participants classified faster and more accurately static than

dynamic expressions. Effects of presentation mode on the ERPs

started as early as 100 ms after stimulus onset, as larger P1 for

dynamic than static, and continued, but reversed, in the N170,

which was larger for static than dynamic expressions. Effects of

facial expressions appeared on the N170 time window, as larger

N170 amplitude for angry than neutral, and continued during the

EPN interval for both angry and happy, and during the LPC for

angry. Overall results indicate a different time course of

presentation mode and facial expression effects, compared with

similar studies without time pressure [4].

Consistent with our hypothesis, results confirm that restricting

the time window for the participants to respond can reverse the

dynamic advantage. This finding is consistent with [7], in which the

static and the dynamic stimuli were presented in separated blocks

and self-paced trials. The limited response time window in our

study might have enhanced the goal-directed attention, and

generated an urge to extract the emotional information as quickly

as possible, directing attention to the information displayed in the

first 100 ms after stimulus onset, where dynamic and static

expressions differ in intensity. Namely, dynamic expressions are

low in intensity as they are still rising, whereas static ones are fully

intense. This aspect seems to compensate the facilitation in the

discrimination of dynamic over static facial expressions observed

in previous studies [4], and even contributed to a static advantage.

ERP data provided more insight on the processes underlying the

behavioral results.

In line with our first alternative hypothesis dynamic expressions

elicited greater P1 than the static, indicating differences in the

early visual processing between the dynamic and the static.

Interestingly the effect was shifted in latency compared with [4]

where presentation mode effects appeared in the EPN. It should

be noted that differences between dynamic and static stimuli

occurred only in the first 150 ms segment after onset. We propose

that time pressure may facilitate noticing the early perceptual

differences between dynamic and static stimuli.

According to previous studies [16,17] the P1 amplitude reflects

the processing of low-level features and the allocation of visual

attention resources. Therefore, the greater P1 observed in the

dynamic condition in the present study supports the dynamic

advantage in the attention grabbing at very early stages. The

processing of dynamic stimuli demand additional visual processing

resources to process the more complex information in dynamic

compared to static facial expressions (i.e., multiple frames, motion,

Figure 2. Waveforms and topographic maps (with nose up) for the P1 (top), and the N170 (bottom), showing grand averaged
amplitudes at selected clusters of sensors.
doi:10.1371/journal.pone.0100162.g002
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and expressional change). Moreover, facial movements engage

more visual attention because motion captures attention per se

[36]. The lack of significant interaction between the presentation

and the facial expressions in the P1 indicates the presence of

motion effect across all facial expressions, including neutral.

In line with our second hypothesis, results revealed larger N170

amplitude for static than dynamic facial expressions. This could be

partly due to a carry-over effect from the previous P1 modulation

(larger for dynamic than static). However, carry-over effects

cannot account for the effect of facial expressions within each

presentation mode. The supplementary analysis on P1 and N170

revealed that the main effect of facial expression was significant

only in the static condition, as larger N170 amplitude for angry

than neutral facial expressions. This finding is consistent with

previous studies revealing the effect of facial expression on the

N170 [18,33], and suggests that angry static faces received

enhanced structural encoding. Emotional effects appeared earlier

in the present study (N170) compared with [4], where they started

with the EPN. It is plausible that the time pressure urged

participants to encode and decode the facial expressions very

quickly, shifting the differentiation between expressions to an

earlier stage.

It is possible that under conditions of time pressure static

expressions, starting with a fully developed facial expression,

receive improved structural encoding (reflected in the larger N170

for static than dynamic), resulting in better discrimination among

facial expressions (reflected in the larger N170 for anger than

neutral). This can be seen as form of static advantage.

The EPN amplitudes for angry and happy faces were

significantly larger than neutral, across presentation modes. This

is consistent with previous studies indicating that the EPN reflects

the selective processing of emotional stimuli [30,31]. In contrast

with [4], we did not observe a significant difference between

dynamic and static conditions in the EPN amplitude. It is possible

Figure 3. Waveforms and topographic maps (with nose up) for the EPN (top), and the LPC (bottom), showing grand averaged
amplitude at the selected sensors clusters. The topographic maps of the EPN and LPC show subtractive waves of emotional (angry, happy)
minus neutral.
doi:10.1371/journal.pone.0100162.g003
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that the dynamic advantage, already present in the earlier stage of the

P1 was inhibited during the EPN time window.

In line with [4], dynamic facial expressions elicited greater LPC

amplitude than static ones, possibly reflecting that the dynamic

condition received more emotional attention.

There are some limitations in the present study. Firstly, stimuli

disappeared when participants responded, resulting in jittered

presentation times. Since most RTs overlapped the later time

window, the LPC data might be confounded with offset potentials.

Second, the use of stimuli morphed with computer software limits

the ecological validity of our findings. Although spontaneous facial

expressions tend to be uniform and reflex-like in appearance [37],

natural expressions probably show more variability in the dynamic

properties than the ones used here. Additional research using more

natural stimuli will be necessary to confirm and extend the results

presented here. Third, given the impact of motion, and since

emotional expressions come together with particular physical

changes, the essence of the effect of facial expressions on ERPs

deserves further study. Lastly, the stimuli included faces from

different ethnicities, which might impact recognition. It would be

valuable to explore the other race effect in this paradigm.

Conclusions

The present study shows that during the classification of static

and dynamic facial expressions, if the goal-driven attention is

focused by setting high time pressure, making the participants

process the emotional information as soon as possible, this benefits

the processing of static relative to dynamic expressions, possibly for

its fully developed facial expressions from the onset. Still, we

observed some form of dynamic advantage in the P1 and LPC

components, reflecting larger early visual attention and better

processing of dynamic expressions at later stages. Under time

pressure, the stimulus-driven attention enhanced by motion,

guiding processing resources to the emotional expressions, might

overtax the resources devoted into the task of facial expression

discrimination and delay the encoding, as shown in the greater P1

and smaller N170 for dynamic than static condition.

Author Contributions

Conceived and designed the experiments: WHL ZJ. Performed the

experiments: DZ DS. Analyzed the data: ZJ GR WHL YL WBL. Wrote

the paper: GR ZJ WHL.

References

1. Adolphs R (2002) Recognizing emotion from facial expressions: psychological
and neurological mechanisms. Behavioral and Cognitive Neuroscience Reviews

1: 21–62.

2. Ambadar Z, Schooler JW, Cohn JF (2005) Deciphering the enigmatic face: the
importance of facial dynamics in interpreting subtle facial expressions.

Psychological Science 16: 403–410.
3. Trautmann SA, Fehr T, Herrmann M (2009) Emotions in motion: dynamic

compared to static facial expressions of disgust and happiness reveal more

widespread emotion-specific activations. Brain Research 1284: 100–115.
4. Recio G, Sommer W, Schacht A (2011) Electrophysiological correlates of

perceiving and evaluating static and dynamic facial emotional expressions. Brain
Research 1376: 66–75.

5. Krumhuber EG, Kappas A, Manstead ASR (2013) Effects of dynamic aspects of
facial expressions: A review. Emotion Review 5: 41–46.

6. Sato W, Yoshikawa S (2007) Enhanced experience of emotional arousal in

response to dynamic facial expressions. Journal of Nonverbal Behavior 31: 119–
135.

7. Fiorentini C, Viviani P (2011) Is there a dynamic advantage for facial
expressions? Journal of Vision 11: 15.

8. Shima K, Aya K, Mushiake H, Inase M, Aizawa H, et al. (1991) Two

movement-related foci in the primate cingulate cortex observed in signal-
triggered and self-paced forelimb movements. Journal of Neurophysiology 65:

188–202.
9. Weissman DH, Gopalakrishnan A, Hazlett CJ, Woldorff MG (2005) Dorsal

anterior cingulate cortex resolves conflict from distracting stimuli by boosting

attention toward relevant events. Cerebral Cortex 15: 229–237.
10. Karau SJ, Kelly JR (1992) The effects of time scarcity and time abundance on

group-performance quality and interaction process. Journal of Experimental
Social Psychology 28: 542–571.

11. Kelly JR, Karau SJ (1999) Group decision making: the effects of initial
preferences and time pressure. Personality and Social Psychology Bulletin 25:

1342–1354.

12. Kelly JR, Loving TJ (2004) Time pressure and group performance: Exploring
underlying processes in the Attentional Focus Model. Journal of Experimental

Social Psychology 40: 185–198.
13. Kerr NL, Tindale RS (2004) Group performance and decision making. Annual

Review of Psychology 55: 623–655.

14. Forstmann BU, Dutilh G, Brown S, Neumann J, von Cramon DY, et al. (2008)
Striatum and pre-SMA facilitate decision-making under time pressure.

Proceedings of the National Academy of Sciences of the United States of
America 105: 17538–17542.

15. Hillyard SA, Anllo-Vento L (1998) Event-related brain potentials in the study of
visual selective attention. Proceedings of the National Academy of Sciences of

the United States of America 95: 781–787.

16. Mangun GR, Hopfinger JB, Kussmaul CL, Fletcher EM, Heinze HJ (1997)
Covariations in ERP and PET measures of spatial selective attention in human

extrastriate visual cortex. Human Brain Mapping 5: 273–279.
17. Heinze HJ, Mangun GR, Burchert W, Hinrichs H, Scholz M, et al. (1994)

Combined spatial and temporal imaging of brain activity during visual selective

attention in humans. Nature 372: 543–546.

18. Batty M, Taylor MJ (2003) Early processing of the six basic facial emotional
expressions. Cognitive Brain Research 17: 613–620.

19. Fichtenholtz HM, Hopfinger JB, Graham R, Detwiler JM, LaBar KS (2009)

Event-related potentials reveal temporal staging of dynamic facial expression
and gaze shift effects on attentional orienting. Social Neuroscience 4: 317–331.

20. Eger E, Jedynak A, Iwaki T, Skrandies W (2003) Rapid extraction of emotional
expression: evidence from evoked potential fields during brief presentation of

face stimuli. Neuropsychologia 41: 808–817.

21. Bentin S, Deouell LY (2000) Structural encoding and identification in face
processing: ERP evidence for separate mechanisms. Cognitive Neuropsychology

17: 35–55.
22. Sprengelmeyer R, Jentzsch I (2006) Event related potentials and the perception

of intensity in facial expressions. Neuropsychologia 44: 2899–2906.
23. Blau VC, Maurer U, Tottenham N, McCandliss BD (2007) The face-specific

N170 component is modulated by emotional facial expression. Behavioral and

Brain Functions 3: 1–13.
24. Itier RJ, Taylor MJ (2002) Inversion and contrast polarity reversal affect both

encoding and recognition processes of unfamiliar faces: a repetition study using
ERPs. NeuroImage 15: 353–372.

25. Ashley V, Vuilleumier P, Swick D (2004) Time course and specificity of event-

related potentials to emotional expressions. Neuroreport 15: 211–216.
26. Eimer M, Holmes A (2002) An ERP study on the time course of emotional face

processing. Neuroreport 13: 427–431.
27. Recio G, Schacht A, Sommer W (2014) Recognizing dynamic facial expressions

of emotion: Specificity and intensity effects in event-related brain potentials.

Biological Psychology 96: 111–125.
28. Schupp HT, Junghofer M, Weike AI, Hamm AO (2003) Attention and emotion:

an ERP analysis of facilitated emotional stimulus processing. Neuroreport 14:
1107–1110.

29. Olofsson JK, Nordin S, Sequeira H, Polich J (2008) Affective picture processing:
an integrative review of ERP findings. Biological Psychology 77: 247–265.

30. Junghofer M, Bradley MM, Elbert TR, Lang PJ (2001) Fleeting images: A new

look at early emotion discrimination. Psychophysiology 38: 175–178.
31. Schupp HT, Junghofer M, Weike AI, Hamm AO (2003) Emotional facilitation

of sensory processing in the visual cortex. Psychological Science 14: 7.
32. Pourtois G, Schettino A, Vuilleumier P (2013) Brain mechanisms for emotional

influences on perception and attention: what is magic and what is not. Biological

Psychology 92: 492–512.
33. Luo W, Feng W, He W, Wang NY, Luo YJ (2010) Three stages of facial

expression processing: ERP study with rapid serial visual presentation.
NeuroImage 49: 1857–1867.

34. Singular Inversions (2006). (Version 2.2) [Computer software] from http://
www.facegen.com/modeller.htm.

35. Ferree TC, Luu P, Russell GS, Tucker DM (2001) Scalp electrode impedance,

infection risk, and EEG data quality. Clinical Neurophysiology 112: 536–544.
36. Franconeri SL, Simons DJ (2003) Moving and looming stimuli capture attention.

Perception & Psychophysics 65: 999–1010.
37. Weiss F, Blum GS, Gleberman L (1987) Anatomically based measurement of

facial expressions in simulated versus hypnotically induced affect. Motivation

and Emotion 11: 67–81.

Time Pressure Inhibits Dynamic Advantage

PLOS ONE | www.plosone.org 7 June 2014 | Volume 9 | Issue 6 | e100162


