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Abstract: Micro-expression recognition is influenced by emotional contexts at the behavioral level. It is found that the recognition for

micro-expressions is poorer following a negative context compared to the recognition following a neutral context. However, it remains

unclear whether the modulation takes place in the early or later stage of the processing of micro-expressions as reflected in event-related

potentials (ERPs). Using synthesized micro-expressions in this study, we investigated how emotional context modulates the ERP compo-

nents that are elicited by micro-expressions. We observed that, compared to neutral contexts, negative and positive contexts elicited more

positive amplitude trends for processing the subsequent target micro-expressions, and more positive P1 and N170 effects were elicited by

target micro-expressions following negative and positive contexts compared to those following neutral contexts. Moreover, there were

larger P1 effects elicited by the target micro-expressions when the context and target expressions were incongruent compared to when

they were congruent. Our findings provide new ERP evidence to indicate that emotional contexts modulate micro-expression processing,

and that the modulation of emotional contexts takes place at the early stage of facial-expression processing.
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Micro-expressions are quick facial expressions that last

for 40–200 ms (Ekman & Friesen, 1969). Micro-

expressions always occur in the flow of facial expressions

(Ekman, 2009). These facial expressions should be con-

sidered in terms of the emotional contexts of the micro-

expression. Previous studies have found that the recogni-

tion of facial expressions is influenced by their accompa-

nied emotional contexts; that is, this recognition relies on

broad facial expressions or on the presence of affective

pictures (Barrett & Kensinger, 2010; Righart & de Gelder,

2008b). For instance, negative facial expressions are rec-

ognized more quickly and accurately in a negative context

than in a positive context (Hietanen & Astikainen, 2013).

Similarly, using the synthesized micro-expressions modi-

fied from the Micro-Expression Training Tool (Ekman,

2003), it was found that recognition performance for

micro-expressions is poorer when there are negative con-

text clues before and after the target micro-expression

compared to when the context clues are neutral (Zhang,

Fu, Chen, & Fu, 2014). However, it remains unclear how

emotional context modulates the processing of micro-

expressions and whether the modulation takes place in the

early or late stage of micro-expression processing reflected

in ERPs. The relevant finding concerning this issue will

help in understanding the processing mechanism of micro-

expressions, and provide new insight about how to

improve recognition of micro-expressions in the real

environment.

Previous studies have found early ERP differences in the

emotional contexts surrounding the manipulation of facial-
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expression processing. Research presenting contexts and

faces simultaneously shows that affective information influ-

ences the perception of facial expression, and this effect

reflects the early visual ERP response (Righart & de

Gelder, 2006, 2008a). P1, as a kind of early component

related to the visual processing of faces, is reported to be

sensitive to affective congruency (Taylor, 2002). A larger

P1 is elicited by target faces in the incongruent condition

compared to those in the congruent condition, when the tar-

get (face) and the context (body) are expressing fear or

anger (Meeren, van Heijnsbergen, & de Gelder, 2005).

Meanwhile, research that presents faces overlaid on pic-

tures of fearful and neutral natural scenes has found that

N170 is modulated by emotional scenes (Itier & Taylor,

2004; Righart & de Gelder, 2006, 2008a). A larger N170 is

elicited by faces in the context of fearful scenes than by

those in the context of neutral scenes (Righart & de Gelder,

2006, 2008a). In addition, P3, which is involved in stimu-

lus categorization, is also sensitive to emotional stimuli

(Cano, Class, & Polich, 2009; Carretié et al., 2013;

Delplanque, Silvert, Hot, & Sequeira, 2005). For example,

unpleasant pictures could elicit a larger P3 amplitude

(Mardaga & Hansenne, 2009).

Other studies presenting a target face after emotional

context show that the preceding emotional context influ-

ences the ERP outcomes of current facial expressions. A

recent study by Hietanen and Astikainen (2013) indicates

that N170 amplitudes of happy faces presented after pos-

itive primes are larger than those presented after negative

primes, whereas N170 amplitudes of sad faces presented

after negative primes are larger than those presented after

positive primes. Using ambiguous expressions as targets,

the fear–neutral expressions following neutral faces are

recognized as fear more frequently compared to those

following fear faces (Richards, Holmes, Pell, & Bethell,

2013). A larger N170 is also observed for target faces

following neutral contextual faces, compared to target

faces following fearful contextual faces, when the target

faces are presented after a sequence of contextual faces

(Lin, Schulz, & Straube, 2015). The above results sug-

gest that emotional context influences the processing of

subsequent target facial expression as reflected in

the ERPs.

Based on these findings regarding the effects of emo-

tional context on the processing of facial expressions, we

believed that the processing of micro-expressions would

also be influenced by the surrounding emotional context.

As there was no database for different micro-expressions

with different emotional contexts, we adopted a synthe-

sized micro-expression paradigm, in which a target micro-

expression image flashes rapidly between two identical

facial expression images (i.e., emotional contexts;

e.g., Ekman, 2003; Shen, Wu, & Fu, 2012). This para-

digm allowed us to easily manipulate the type of target

micro-expression and the type of emotional contexts.

Emotional contexts could capture more attention as a form

of emotional stimuli (Alpers, 2008). Emotional contexts

with different emotional valences could provide a different

basis for the processing of subsequent facial expressions

(Luo, Feng, He, Wang, & Luo, 2010; Righart & de

Gelder, 2006, 2008b; Wronka & Walentowska, 2011).

Therefore, we expected that negative and positive con-

texts, compared to neutral contexts, would provide a more

positive trend for the processing of subsequent target

micro-expressions.

In view of previous findings that effects of emotional con-

texts are reflected in early ERP components (P1 and N170)

of facial-expression processing (Hietanen & Astikainen,

2013; Lin et al., 2015), we expected that the P1 and N170 of

target micro-expressions following negative and positive

contexts would follow more positive trends than those fol-

lowing neutral contexts. Meanwhile, considering that P3 is

also sensitive to emotional stimuli, we expected that the

mean amplitudes of the P3 of targeted micro-expressions fol-

lowing negative and positive contexts would be more posi-

tive than those following neutral contexts. In addition, given

that there is a congruence effect when the context and the

target are displayed simultaneously, we expected a congru-

ence effect between the context and target micro-expressions

even when they were displayed successively.

Methods

Participants
Twenty-one right-handed undergraduates (age:

22.86 � 1.65 years; 11 females) participated in this study

in exchange for monetary remuneration. All participants

reported normal or corrected-to-normal vision and no neu-

rological or psychiatric history. Informed consent was

obtained from each individual participant before the experi-

ment was implemented. The experimental protocol was

approved by the Institutional Review Board of the Institute

of Psychology at the Chinese Academy of Sciences.
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Stimuli
As it is difficult for people to recognize the type of micro-

expressions with incomplete facial expressions (Ekman,

2003, 2009; Ekman & O’Sullivan, 2006), we used the com-

plete facial expressions as the target micro-expressions. A

total of 210 images from 35 models (16 females, 19 males)

with three types of basic facial expressions (anger, a neutral

expression, and happiness) in which the mouth was closed,

and the same three types of facial expressions in which the

mouth was open, were chosen from the NimStim Database

(see the samples in Figure 1; Tottenham et al., 2009). To

ensure that most Chinese participants could recognize the

facial expressions, we first conducted an expression-

recognition test to select the most easily recognizable facial

expressions. Thirty undergraduates voluntarily participated

in this test. Each facial expression was presented for

2000 ms, and the participants were asked to identify the

expression by clicking on one of the emotional labels

(anger, neutral, or happiness) with a mouse. A total of

120 images of 20 models (10 females, 10 males) were

selected as the experimental materials, based on the crite-

rion of a mean accuracy greater than 85%. Facial expres-

sions (anger, neutral, and happiness, all with a closed

mouth) were selected as the emotional contexts, and the

remaining images (anger, neutral, and happiness, all with

an open mouth) were used as the target micro-expressions.

All images, at a visual angle of 11.8� × 15.1�, were dis-

played at the center of the screen with a uniform silver-gray

background on a 17-in. cathode-ray tube monitor (fre-

quency 100 Hz, resolution 1024 × 768).

Procedure
The presentation of stimuli and manual response measure-

ments was controlled using E-Prime 2.0 (Psychological

Software Tools, Inc., Pittsburgh, PA, USA). In one trial

(see Figure 2), a black fixation cross was first presented for

500 ms, and then one of the three emotional contexts

(anger, neutral, or happiness, all with a closed mouth) was

presented for 1000 ms. After that, one of the three target

micro-expressions (anger, neutral, or happiness, all with an

open mouth) was presented for 60 ms, followed by the

same emotional context for 1000 ms. Finally, the labels of

the three target expressions were presented, and participants

were asked to indicate the fleeting expression by using the

mouse to click as quickly and accurately as possible on one

of the three labels presented in random order on the lower

portion of the screen. After the response, a silver-gray

background screen appeared for a random time, ranging

from 800 to 1200 ms, before the next trial. The participants

performed nine test blocks with 60 trials in each block

(a total of 540 trials). There was approximately 1 min of

rest after each block. The three target expressions and three

types of emotional contexts were randomly combined in

each block (for a total of nine conditions), and there were

60 trials for each combination condition.

Figure 1. Material samples.
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Electroencephalograph recording
Electroencephalograph (EEG) data were acquired from a

32-channel NuAmps Quickcap, 40-channel NuAmps DC

amplifier, and Scan 4.5 Acquisition Software

(Compumedics Neuroscan, Inc., Texas, USA). The EEG

data were recorded at scalp sites (FP1, FP2, F7, F3, FZ,

F4, F8, FT7, FC3, FCZ, FC4, FT8, T3, C3, CZ, C4, T4,

TP7, CP3, CPZ, CP4, TP8, T5, P3, PZ, P4, T6, O1, OZ,

and O2) according to the specifications of the international

10–20 system. Vertical and horizontal electro-oculograms

were recorded at the supraorbital and suborbital regions of

the left eye, and the outer canthi of both eyes were recorded

to monitor blinks and eye movements. All scalp electrodes

were referenced to the left mastoid online. The sampling

rate was 1000 Hz, and the electrode impedance was main-

tained below 5 kΩ throughout the experiment.

Data analysis
Recognition accuracies and response times (RTs) were ana-

lyzed. Only RTs of the correct responses were analyzed,

and RTs of more than two standard deviations were

deleted, which accounted for 3.87% of the total. Both rec-

ognition accuracies and RTs were analyzed by two-way

repeated analyses of variance (ANOVAs) with emotional

context (negative, neutral, and positive) and target micro-

expression (anger, neutral, and happiness) as the within-

participant variables. Meanwhile, in order to examine the

congruence effect, accuracies and RTs were also subjected

to a paired-samples t-test.

Offline, ocular artifacts were mathematically corrected

using Scan 4.5 (Neuroscan, Inc.). All scalp electrodes were

re-referenced offline to the average of the left and right

mastoids. EEG data were segmented into epochs commenc-

ing 200 ms before the stimulus onset (the first emotional

context) to 1600 ms after stimulus onset. The average

amplitude of the 200 ms pre-stimulus epoch served as the

baseline because it was identical to all three context condi-

tions. The signals were bandpass filtered between 1 and

30 Hz. Trials with various artifacts were rejected, with a

criterion of �100 μV. The signals were averaged across the

trials of each emotional context for each target micro-

expression.

The trials of accurate behavioral responses were ana-

lyzed. After all corrections mentioned above, each condi-

tion had more than 30 trials for each participant. The mean

amplitudes of the emotional contexts in the time window of

900–1000 ms during context presentation (in other words,

100 ms before the target was displayed) from the frontal

Figure 2. Experimental setup sample (with a negative emotional context).
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(F3, Fz, F4), central (C3, Cz, C4), parietal (P3, Pz, P4),

and occipital (O1, Oz, O2) electrodes (regions) were

selected and analyzed. The mean amplitudes were subjected

to repeated-measure ANOVAs, with the emotional context

and electrode as the within-participant variables. The peak

amplitudes of P1 in the time window of 1160–1210 ms,

according to the peak latency identified in the grand wave-

forms across all conditions (1180 ms), were measured at

electrodes O1 and O2 based on visual inspection of the

grand waveforms and information from previous studies

(Bublatzky, Gerdes, White, Riemer, & Alpers, 2014;

Werheid, Alpay, Jentzsch, & Sommer, 2005). Additionally,

the peak amplitudes of N170 in the time window of

1210–1260 ms, according to the peak latency identified in

the grand waveforms across all conditions (1230 ms), were

measured at electrodes P3 and P4 based on the visual

inspection of the grand waveforms and the results of previ-

ous studies (Bublatzky et al., 2014; Hietanen & Astikainen,

2013). Finally, mean amplitudes of P3 in the time window

of 1300–1500 ms were measured at the frontal (F3, Fz,

F4), central (C3, Cz, C4), and parietal (P3, Pz, P4) elec-

trodes based on the results of previous studies (Cano et al.,

2009). All amplitudes, as well as the latencies of P1 and

N170, were subjected to repeated-measure three-way ANO-

VAs with the context, target, and electrode (region) as the

within-participant variables. Moreover, the amplitudes and

latencies of P1 and N170 were also subjected to two-way

repeated ANOVAs with the congruence and electrode as

the within-participant variables.

Results

Behavioral results
The effects of emotional contexts

Figure 3A shows the mean recognition accuracy for each

condition. The two-way ANOVA revealed that both the

main effects of context and target micro-expression

were significant: F(2, 40) = 26.53, p < .001, η2p = :57 and

F(2, 40) = 19.53, p < .001, η2p = :49, respectively. The rec-

ognition accuracy of the target micro-expressions was

higher in a neutral context (88.09 � 1.59%) compared to a

negative context (75.17 � 2.54%) or a positive context

(74.70 � 2.71%), t(20) = 5.86, p < .001, d = 1.31 and

t(20) = 5.83, p < .001, d = 1.30, respectively. Overall, the

recognition accuracy was higher for anger

(84.57 � 1.94%) and happiness (86.86 � 1.52%) than for

neutral expressions (66.54 � 4.31%), t(20) = 4.50, p < .01,

d = 1.01 and t(20) = 4.95, p < .001, d = 1.11, respectively.

More importantly, the interaction of the context and target

micro-expression was significant, F(4, 80) = 7.90, p < .001,

η2p = :28. Further analyses revealed that anger expressions

following neutral contexts (88.86 � 2.12%) were recog-

nized more accurately than those following positive

Figure 3. (A) Mean accuracy of target micro-expressions in different emotional contexts. (B) Response time of target micro-expressions in different emo-
tional contexts. * p < .05. ** p < .001.
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contexts (81.33 � 3.26%), t(19) = 3.26, p < .05, d = 0.75,

and neutral expressions following neutral contexts

(86.86 � 3.40%) were recognized more accurately than

those following negative contexts (56.48 � 6.11%) or posi-

tive contexts (56.29 � 6.18%), t(19) = 4.68, p < .001,

d = 1.07 and t(19) = 4.64, p < .001, d = 1.06, respectively.

No other effects were significant (all ps > .05).

For RTs, the analysis showed that both the main

effects of the context and target micro-expressions

were significant: F(2, 40) = 9.76, p < .001, η2p = :33 and

F(2, 40) = 6.02, p < .01, η2p = :23, respectively. RTs for tar-
get micro-expressions following neutral contexts

(889.96 � 33.60 ms) were faster than those following neg-

ative contexts (962.99 � 45.10 ms) or positive contexts

(956.07 � 44.35 ms), t(20) = −3.78, p < .01, d = 0.85 and

t(20) = −3.37, p < .01, d = 0.75, respectively. Overall, RTs

were faster for anger expressions (893.95 � 34.15 ms)

than for neutral expressions (993.70 � 55.91 ms),

t(20) = −2.92, p < .05, d = 0.65. The interaction

between context and target micro-expression was signifi-

cant, F(4, 80) = 4.61, p < .01, η2p = :19. Further analyses

revealed that RTs for target anger expressions following

neutral contexts (858.55 � 29.39 ms) were faster than

those following negative contexts (914.88 � 35.81 ms),

t(19) = −3.89, p < .01, d = 0.89. RTs for neutral expressions

following neutral contexts (887.50 � 38.32 ms) were faster

than those following negative contexts (1060.01 � 77.00 ms)

or positive contexts (1033.58 � 64.94 ms), t(19) = −3.29,

p < .05, d = 0.75 and t(19) = −3.25, p < .05, d = 0.75,

respectively (Figure 3B). No other effects were significant

(all ps > .05).

The effects of congruence

For the recognition accuracy, the paired-samples t-test

revealed that micro-expressions were recognized signifi-

cantly better when the emotional context and the target

micro-expression expressed the same facial expression

(85.62 � 1.14%) compared to when they expressed differ-

ent facial expressions (76.17 � 1.23%), t = 2.60, p < .05,

d = 0.58 (see Figure 4). For RTs, no significant effect was

found (p = .38).

ERP results
The effects of emotional contexts

Mean amplitude of 100 ms before the target onset

For mean amplitudes of 100 ms before the target onset

(Table 1), analysis revealed that the main effects of both

context and electrode (region) were significant:

F(2, 40) = 22.52, p < .001, η2p = :53 and F(3, 60) = 40.55,

p < .001, η2p = :67, respectively. The mean amplitude was

more negative for the neutral context (−4.07 � .55 μV)
than for the negative context (−2.12 � .49 μV) or the posi-
tive context (−2.67 � .51 μV), t(20) = −5.92, p < .001,

d = 1.32 and t(20) = −5.73, p < .001, d = 1.28, respec-

tively. Overall, the mean amplitude was more positive in

the occipital region (1.77 � .72 μV) than in the frontal

(−5.42 � .74 μV), central (−5.15 � .62 μV), and parietal

(−3.00 � .57 μV) regions, t(20) = 6.21, p < .001,

Figure 4. (A) Mean accuracy of target micro-expressions in the congruent condition and the incongruent condition. (B) Response time of target micro-
expressions in the congruent condition and the incongruent condition. *p < .05.
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d = 1.39; t(20) = 7.65, p < .001, d = 1.71; and

t(20) = 6.88, p < .001, d = 1.54, respectively. The interac-

tion of context and region was significant, F(6, 120) = 3.54,

p < .01, η2p = :15. Further analyses revealed that the mean

amplitudes were more positive for negative contexts than

for neutral contexts in the frontal, central, parietal, and

occipital regions (Figure 5), t(19) = 5.02, p < .001,

d = 1.15; t(19) = 6.29, p < .001, d = 1.44; t(19) = 5.61,

p < .001, d = 1.29; and t(19) = 2.68, p < .05, d = 0.61,

respectively. Mean amplitudes were more positive for

positive contexts than those for neutral contexts in the

frontal, central, and parietal regions, t(19) = 4.48, p < .01,

d = 1.03; t(19) = 4.63, p < .001, d = 1.06; and

t(19) = 6.28, p < .001, d = 1.44, respectively. The results

showed that the preceding negative and positive contexts

provided more positively trending baselines for the proces-

sing of subsequent target micro-expressions.

P1 component

The three-way ANOVA of P1 peak amplitudes revealed

that the main effect of the context was significant,

F(2, 40) = 4.80, p < .05, η2p = :19. Overall, P1 peak

amplitudes of target micro-expressions following positive

contexts (5.24 � 1.00 μV) were larger than those following

neutral contexts (4.04 � 1.02 μV), t(20) = 3.42, p < .01,

d = 0.77. Importantly, the interaction between the context

and the target was significant, F(4, 80) = 3.30, p < .05,

η2p = :14. Further analyses revealed that P1 peak amplitudes

for target neutral expressions following negative contexts

(5.87 � 1.08 μV) and positive contexts (5.86 � .99 μV)
were larger than those following neutral contexts

(2.96 � 1.11 μV), t(19) = 3.66, p < .01, d = 0.84 and

t(19) = 3.63, p < .01, d = 0.83, respectively (see Figure 6).

No other effects were significant (all ps > .13). There were

also no significant effects for the latencies of P1

(all ps > .22).

N170 component

The three-way ANOVA of N170 peak amplitudes revealed

that the main effects of context, target, and electrode

were significant: F(2, 40) = 8.21, p < .01, η2p = :30;

F(2, 40) = 5.39, p < .01, η2p = :21; and F(1, 20) = 21.86,

p < .001, η2p = :52, respectively. Overall, the N170 peak

amplitude following the neutral context (−7.21 � .91 μV)
was larger than that following the negative context

(−5.67 � .83 μV) or the positive context

(−6.00 � .89 μV), t(20) = −3.53, p < .01, d = 0.79 and

t(20) = −3.94, p < .01, d = 0.88, respectively. Overall, the

N170 peak amplitude for a neutral target (−6.79 � .83 μV)
was larger than that for a happiness target (−5.60 � .85

μV), t(20) = −3.36, p < .01, d = 0.75. The N170 peak

amplitudes over the left hemisphere (−7.42 � .92 μV in

P3) were also larger than those over the right hemisphere

(−5.17 � .83 μV in P4), t(20) = −4.68, p < .001, d = 1.05.

The interaction between the context and electrode was sig-

nificant, F(2, 40) = 3.39, p < .05, η2p = :15. Further analyses
showed that the N170 peak amplitude was larger for a neu-

tral context (−8.48 � .97 μV) than for a negative context

(−6.96 � .95 μV) or a positive context (−6.81 � .95 μV)
at P3, t(19) = −3.32, p < .05, d = 0.76 and t(19) = −5.15,

p < .001, d = 1.18, respectively. Furthermore, the N170

amplitude for a neutral context (−5.94 � .92 μV) was

larger than that for a negative context (−4.38 � .80 μV) at
P4, t(19) = −3.07, p < .05, d = 0.70 (see Figure 7). No

other effects were significant (all ps > .25).

A three-way ANOVA of the N170 latencies revealed that

the main effects of the electrodes were marginally signifi-

cant, F(1, 20) = 4.17, p = .055, η2p = :17. The N170

Table 1
Mean Amplitudes 100 ms Before the Target was Presented

Mean amplitude (SD)

Frontal Central Parietal Occipital

Negative −4.67 (0.77) −4.01 (0.67) −1.95 (0.58) 2.17 (0.78)
Neutral −6.54 (0.77) −6.53 (0.66) −4.35 (0.65) 1.15 (0.78)
Positive −5.04 (0.75) −4.91 (0.66) −2.71 (0.60) 1.99 (0.69)

Figure 5. Mean amplitudes of the contexts 100 ms before the target
onset.
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latencies over the right hemisphere (1231.52 � 2.09 ms in

P4) were earlier than those over the left hemisphere

(1234.94 � 2.26 ms in P3), t(20) = −2.04, p = .055,

d = 0.46. No other effects were significant (all ps > .30).

P3 component

For the mean amplitudes of P3 (Table 2), the analysis

revealed that the main effects of the target and electrode

(region) were significant: F(2, 40) = 4.05, p < .05, η2p = :17

and F(2, 40) = 28.40, p < .001, η2p = :59, respectively. The
mean amplitude for the happiness target (1.00 � .66 μV)
was more positive than that for the neutral target

(−.05 � .61 μV), t(20) = 3.16, p < .05, d = 0.71. Overall,

the mean amplitude in the parietal region (2.88 � .63 μV)
was more positive than that in the central region

(−.08 � .76 μV), the mean amplitude in the frontal region

(−1.45 � .70 μV) was more negative than that in the cen-

tral region (−.08 � .76 μV), and the mean amplitude in the

parietal region (2.88 � .63 μV) was more positive than that

in the frontal region (−1.45 � .70 μV), t(20) = 5.64,

p < .001, d = 1.26; t(20) = −3.04, p < .05, d = 0.68; and

t(20) = 5.81, p < .001, d = 1.30, respectively (see

Figure 8). No other effects were significant (all ps > .09).

The effects of congruence

P1 component

The two-way ANOVA of P1 peak amplitudes revealed

that the main effect of congruence was significant,

F(1, 20) = 13.70, p < .01, η2p = :41. Overall, P1 peak

amplitudes were larger in the incongruent condition

(5.18 � .99 μV) compared to those in the congruent condi-

tion (4.15 � 1.04 μV), t(20) = 3.70, p < .01, d = 0.83 (see

Figure 9). No other effects were significant (all ps > .54).

For the latencies of P1, no significant effect was found

(all ps > .13).

N170 component

The two-way ANOVA of N170 peak amplitudes revealed

that the main effect of the electrode was significant,

F(1, 20) = 19.26, p < .001, η2p = :49. Overall, N170 peak

amplitudes were more negative over the left hemisphere

(−7.34 � .96 μV in P3) than those over the right hemi-

sphere (−5.16 � .86 μV in P4), t(20) = −4.39, p < .001,

d = 0.98. No other effects were significant (all ps > .26).

For the latencies of N170, no significant effect was found

(all ps > .11).1

Discussion

In this study, we found that emotional contexts influenced

the recognition of target micro-expressions. Target micro-

expressions following neutral contexts were recognized

better and faster than those following negative or positive

contexts. Meanwhile, target micro-expressions were recog-

nized better when the emotional context and the target

micro-expression expressed congruent emotions compared

to when they expressed incongruent emotions. Our ERP

results revealed that negative and positive contexts provided

more positive-trending bases before the target micro-

Figure 6. P1 effects for the neutral target following different emotional contexts.
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expression displayed compared to the neutral contexts.

Moreover, the P1 of target neutral micro-expressions follow-

ing negative contexts and positive contexts was larger than

that following neutral contexts, whereas the N170 following

a negative context and positive context was more positive

than that following a neutral context. In addition, there was a

larger P1 of the target when the context and the target

expressed incongruent emotions than when they expressed

congruent emotions. These findings provided new evidence

that emotional context influences the processing of micro-

expressions as reflected in the early ERPs.

The effects of emotional contexts
Previous research has shown that emotional stimuli can

modulate attentional allocation (Vuilleumier, Armony,

Driver, & Dolan, 2001; Wieser & Brosch, 2012). For

instance, the negative and positive context appearing before

the facial expression might capture more attention (Alpers,

2008). In our study, the target micro-expressions following

negative contexts and positive contexts were less likely to be

accurately recognized than those following neutral contexts,

and the reaction times of the target following negative con-

texts and positive contexts were longer than those following

neutral contexts. Recognition of micro-expressions follow-

ing negative and positive contexts was not as good as that

following neutral contexts, which may be due to the negative

and positive contexts capturing more attention (Wentura,

Rothermund, & Bak, 2000), leading to insufficient attention

allocated to the subsequent micro-expression (Flaisch,

Stockburger, & Schupp, 2008). The fact that the recognition

of micro-expressions following negative and positive con-

texts required more time also suggested that the negative and

positive contexts act as affective stimuli that appear as for-

ward masks influencing the target processing.

We found that mean amplitudes of negative and positive

contexts in the last 100 ms before target onset followed a

more positive trend. Our results are consistent with those

of previous findings showing that emotional stimuli can

modulate ERP outcomes. Indeed, positive and negative

images produced overall more positive ERPs than neutral

control images (Schupp et al., 2004). Due to the different

processing outcomes of the preceding emotional stimuli,

the negative and positive contexts compared to the neutral

contexts provided more positive baselines for subsequent

target micro-expressions.

Interestingly, we found that the P1 of target expressions

following the three different emotional contexts differed in

peak amplitudes. P1 peak amplitudes for neutral micro-

Figure 7. N170 effects for the neutral target following different emotional contexts.

Table 2
Mean Amplitudes of P3

Mean amplitude (SD)

Negative Neutral Positive

Frontal Anger −1.59 (0.76) −2.56 (0.84) −0.86 (0.80)
Happiness 0.02 (0.85) −0.63 (0.99) −1.65 (0.87)
Neutral −1.92 (0.78) −2.13 (0.89) −1.70 (0.94)

Central Anger −0.25 (0.77) −0.91 (0.91) 0.60 (1.00)
Happiness 1.33 (0.81) 0.44 (0.96) −0.40 (0.83)
Neutral 0.24 (0.73) −1.06 (0.98) −0.71 (1.10)

Parietal Anger 3.15 (0.78) 2.39 (0.80) 3.64 (0.87)
Happiness 4.29 (0.65) 2.89 (0.88) 2.73 (0.65)
Neutral 2.91 (0.51) 1.67 (0.86) 2.26 (0.94)
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expressions following negative and positive contexts were

larger than those following neutral contexts. Peak ampli-

tudes of P1 elicited by the same target were predicted to be

similar; however, they differed significantly according to

the various emotional contexts. The discrepancy indicated

that preceding emotional context plays a role in the proces-

sing of subsequent target micro-expressions. P1 is sensitive

to automatic attention capture in response to emotional

visual stimuli (Carretié, Hinojosa, Martín-Loeches, Mer-

cado, & Tapia, 2004). Moreover, positive and negative

stimuli produced overall more positive components than

did neutral control stimuli (Schupp et al., 2004; Wronka &

Walentowska, 2011). This suggested that negative and pos-

itive contexts might capture more attention and further

influence the subsequent target micro-expressions. Peak

amplitude discrepancies between emotional contexts for the

same target provided evidence that the integration of

affective information takes place at the early stages of

micro-expression processing.

N170 of the target micro-expressions was also modulated

by emotional contexts. Target micro-expressions elicited

larger N170 values following neutral context than following

negative or positive contexts in both hemispheres. The dif-

ferent information provided by the context would be com-

bined with the target processing (Righart & de Gelder,

2006, 2008a). Additionally, the preceding negative and pos-

itive stimuli still occupied attention resources during the

presentation of target stimuli, such that the available atten-

tional resources for target faces were reduced (Flaisch,

et al., 2008) and resulted in weaker N170 peak amplitudes.

Unlike P1 components and N170 in which the different

information provided by the context was combined with

the target processing (Righart & de Gelder, 2006, 2008a),

it seemed that the effect of emotional context on the targets

Figure 8. Mean amplitudes of P3.

Figure 9. P1 effects for happiness in the congruent condition and the incongruent condition.
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gradually disappeared, reflected in P3 components. Preced-

ing negative and positive stimuli no longer occupied atten-

tion resources, and the process of targets dominated in

further processing. With further processing, the backward

expression would be the main object to be processed.

The effects of congruence
In the present study, we found that there was a congruence

effect for the recognition of micro-expression following

emotional contexts. Target micro-expressions were recog-

nized more poorly when the context and the target

expressed incongruent emotions. Incongruent stimuli might

receive more attention than congruent stimuli (Meeren,

et al., 2005). The conflict between context and target

expressions may attract more attention than emotion-

congruent stimuli; thus lower accuracies for targets in

incongruent conditions were observed.

We also found a congruence effect for the occipital P1

amplitudes. P1 amplitudes for the targets were larger when

the context and the target expressed incongruent emotions

compared to when they expressed congruent emotions. This

was consistent with previous studies that found that conflict

between context and target expressions attracted more atten-

tion and prompted more elaborate analysis in early visual

occipital areas (Foxe & Simpson, 2002; Vanni et al., 2004).

Interestingly, significant differences in N170 components

elicited by the target in congruent and incongruent condi-

tions were not found, indicating that the N170 component

was not sensitive to the conflicting emotions of the context

and the target in our study. This suggests that the influence

coming from the emotional contexts occurred at the earliest

stage but was reduced in the further processing of targets.

Taken together, more positive P1 and N170 elicited by

target micro-expression followed negative and positive con-

texts rather than neutral contexts, indicating that modula-

tion of emotional contexts takes place at the early stages of

facial-expression processing. Our study extended previous

behavioral studies, and provided new evidence that

emotional context modulates the processing of micro-

expressions at the early stage of facial-expression proces-

sing as reflected in the ERPs.

Note

1We also analyzed the data based on the baseline between

−200 ms and 0 ms prior to the target onset. The new results

were consistent in principle with the present ones. Please

see the File S1 for more details.
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