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The timing dynamics of regulating negative emotion with expressive suppression and cognitive reappraisal were investigated 

in a Chinese sample. Event-Related Potentials were recorded while subjects were required to view, suppress emotion expres-

sion to, or reappraise emotional pictures. The results showed a similar reduction in self-reported negative emotion during both 

strategies. Additionally, expressive suppression elicited larger amplitudes than reappraisal in central-frontal P3 component 

(340–480 ms). More importantly, the Late Positive Potential (LPP) amplitudes were decreased in each 200 ms of the 800–1600 

ms time intervals during suppression vs. viewing conditions. In contrast, LPP amplitudes were similar for reappraisal and 

viewing conditions in all the time windows, except for the decreased amplitudes during reappraisal in the 1400–1600 ms. The 

LPP (but not P3) amplitudes were positively related to negative mood ratings, whereas the amplitudes of P3, rather than LPP, 

predict self-reported expressive suppression. These results suggest that expressive suppression decreases emotion responding 

more rapidly than reappraisal, at the cost of greater cognitive resource involvements in Chinese individuals. 
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The ability to regulate unpleasant emotion is important for 

human life in the changing environments [13]. According 

to the time points in which a strategy has its primary impact 

in the emotion-generative process, Gross and coworkers 

distinguished between antecedent-focused and response- 

focused strategies [4,5]. The former refers to strategies such 

as cognitive reappraisal, which requires interpreting emo-

tion stimuli in a detached, emotion-irrelevant manner to 

modify emotion responses before they are fully blown. 

Conversely, the latter involves strategies that modulate 

emotional responses through modifying emotion-expressive 

behaviors, at the late stage of emotion activity. A typical 

example of response-focused strategy is expressive sup-

pression [5,6]. Many studies revealed that cognitive reap-

praisal is effective in decreasing self-reported unpleasant 

emotion states, emotion-expressive behaviors and in reduc-

ing neural activity in the limbic brain system including 

amygdala and nucleus accumbens [4,79]. In contrast, it 

was reported that expressive inhibition was ineffective in 

decreasing the subjective experience of negative emotions 

such as anxiety [2,4,1012], while significantly increased 

peripheral physiological responding and limbic system ac-

tivation [4,6,13]. 

In the early studies by Gross and colleagues, subjects 

who were presented with negative stimuli (e.g. films, pic-

tures) received reappraisal, suppression or attending instruc-

tions. The results showed that reappraisal resulted in less 

negative experience, less emotion-expressive behaviors and  
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decreased sympathetic physiological responding. In contrast, 

expressive suppression did not change subjective emotional 

experience, but increased emotion-related peripheral physi-

ological responding (e.g. skin conductance level and finger 

temperature) and impaired verbal memory, despite reduced 

expressive behaviors [4,10,14]. In addition, using emo-

tion-provoking film clips, Campbell-Sills and colleagues 

[23] investigated the association of emotion regulation 

styles and negative emotion levels in patients of anxiety and 

mood disorders. The results showed that higher levels of 

suppression were associated with increased negative emo-

tion levels during both film delivery and post-film recovery 

periods [23]. Furthermore, Hofmann and colleagues [12] 

directly compared the behavioral and physiological indexes 

of anxiety regulation using expressive suppression and cog-

nitive reappraisal during an impromptu speech task. The 

results showed that expressive suppression was associated 

with greater increases in both heart rate and subjective anx-

iety in comparison with cognitive reappraisal [12]. More 

recently, several studies with American subjects reported 

that suppressing the expression of negative emotions was 

associated with decreased wellbeing and increased depres-

sive symptoms [15,16].  

However, as a social species, the human lives in various 

interpersonal relations. It is common and adaptively im-

portant, in life settings, for people to regulate negative and 

other maladaptive emotions by inhibiting emotion-     

expressive behaviors, not only for keeping normal interrela-

tion with other people, but also for the avoidance of vio-

lence, impulsive behavior, and other socially undesirable 

conducts [17]. This feature is more noticeable in East Asian 

cultures, whose collectivistic cultural norms highlight the 

avoidance of hurting others, and the efforts to preserve and 

experience relational harmony [1821]. Though many stud-

ies showed evidences that expressive suppression was less 

effective in reducing negative emotion than reappraisal 

[24,1012], these evidences, to date, unanimously came 

from studies conducted in western cultural backgrounds.  

In fact, a growing number of recent studies indicated that 

the efficacy of expressive suppression in dampening nega-

tive emotions is culture-specific; such that expressive sup-

pression is associated with better social functioning in East 

Asian cultures [1821]. For instance, Butler and colleagues 

[18] investigated cultural influences on the efficacy of ex-

pressive suppression in dampening unpleasant emotion. The 

results showed that expressive suppression was associated 

with adverse psychological functioning for European 

Americans, but not for Chinese participants. In addition, it 

was reported that habitual suppression of emotion expres-

sion was associated with greater self-protections and higher 

negative emotions in European Americans [18]. However, 

the suppression was associated with decreased negative 

emotions in Asian Americans, corroborating enhanced effi-

cacy of expressive suppression in dampening negative emo- 

tions in eastern culture [18]. These findings were confirmed 

by a recent ERP study, showing that emotion suppression, 

compared to attending instruction, was linked with reduced 

late positive potentials to negative pictures in Asian but not 

in European Americans [22]. In line with these evidences, a 

functional MRI study revealed that, in contrast to the sig-

nificant negative mood induced by attending to negative 

pictures, the mood state did not change significantly after 

negative stimulation during expressive suppression in Japa-

nese subjects. Also, the effectiveness of expressive suppres-

sion in dampening negative emotions was verified by a re-

cent study in Hong Kong which showed less negative emo-

tions and higher sales productivity as a function of in-

creased suppression in insurance workers [23].  

All these evidences suggest that expressive suppression 

is effective in reducing negative experiences and improving 

social functioning in Asian cultures. Thus, the prior findings 

from western subjects that expressive suppression is less 

useful in regulating unpleasant emotion in comparison with 

reappraisal [4,6,10] may not apply to Chinese subjects. In-

stead, based on these abundant evidences, it is likely that 

expressive suppression is as effective as, or even more ef-

fective than, reappraisal in decreasing negative emotion in 

Chinese individuals.  

Furthermore, an important part of evidences that support 

less regulation efficacy with suppression versus reappraisal 

was that expressive suppression elicited enhanced peripher-

al physiological responding (e.g. enhanced Skin Conduct-

ance, Heart Rate) and greater limbic activations (insula, 

amygdala or orbitofrontal cortex) in comparison with reap-

praisal [4,6,11,13]. However, as indicated by quite a few 

studies, the increased peripheral physiological and limbic 

area activations were not necessarily a result of emotional 

arousal [13,24]. These activations may also result from in-

creased cognitive load during cognitive-demanding tasks 

such as working memory tasks [24,25], mental arithmetic 

task [26] or voluntary emotional suppression [13]. Thus, it 

is highly necessary to explore the efficacy of emotion regu-

lation by suppression and reappraisal with a high temporal 

resolution technique, which is able to isolate the index of 

cognitive load from that of emotion arousal.  

Apparently, Event-Related brain Potential (ERP) tech-

nique fits this purpose. On the one hand, expressive sup-

pression is a resource-costly strategy that requires effortful 

monitoring of prepotent emotion-expressive behaviors 

[4,10,13]. Previous studies reported that suppressing prepo-

tent behaviors was linked with a larger central-frontal P3 

peaking around 400 ms post stimulus (e.g. No-go P3; 

[27,28]), which was suggested to reflect enhanced cognitive 

resources engaged in inhibitory processing [2830]. This 

monitoring, however, was absent for the strategy of cogni-

tive reappraisal [4,10]. Therefore, it is likely that expressive 

suppression elicits enhanced central-frontal P3 amplitudes 

compared to reappraisal. Though there was an ERP study 

that compared emotion regulations using suppression and 
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reappraisal [31], the authors did not examine inhibito-

ry-relevant components (e.g. central-frontal P3), thus unable 

to isolate emotional arousal from inhibitory process in brain 

potentials. 

On the other hand, many studies have revealed that Late 

Positive Potential (LPP), a posterior-parietal positive slow 

ERP that reaches its largest amplitudes 500–700 ms 

post-stimulus and lasts for several hundred milleseconds, 

was more pronounced for emotionally salient than for neu-

tral stimuli [9,3236]. Moreover, LPP amplitude, which has 

been accepted an ideal index for the intensity of emotion 

experience: the LPP amplitudes decrease with the reduction 

of emotion experience during emotion regulation [9,3234]. 

Thus, the LPP in brain potentials is a proper index for stud-

ying the temporal dynamics of emotion arousal during ex-

pressive suppression and cognitive reappraisal.  

Based on the above analyses, we can see that it is possi-

ble to isolate the index of expressive inhibitory processing 

from that of late emotional reactivity by ERP measures. 

Specifically, expressive inhibitory processing might be as-

sociated with enhanced P3 amplitudes in central-frontal 

regions [2830]; while the timing features of emotional 

responding is probably reflected by the LPP amplitudes 

varying as a function of regulation strategy [9,33,34]. 

Therefore, we predict that subjective experience of negative 

emotion is positively correlated with LPP amplitudes, and 

the self-reported levels of suppression should be positively 

related to central-frontal P3 amplitudes during expressive 

suppression. More importantly, as expressive suppression 

engages greater cognitive resources relative to reappraisal 

[10] and that suppressing the display of negative emotions 

is valued by Chinese cultural norms [18,21]; we predict that 

expressive suppression decreases negative emotion more 

quickly than reappraisal in Chinese individuals. Specifically, 

because LPP amplitude is a valid index of emotion arousal 

levels, we predict that the LPP amplitude reduction might 

happen at an earlier time point during suppression compared 

to reappraisal in Chinese subjects.  

1  Materials and Methods  

1.1  Subjects  

As paid volunteers, 18 (1923 years; M=20.82 years, 9 

males) students from Southwest University in China partic-

ipated in the experiment. The subjects reported no history of 

affective disorder and were free of any psychiatric medica-

tion. The subjects were affectively healthy, indicated by the 

low scores in the Spielberger state-trait anxiety scale (STAS;  

total=80 for either scale) and Beck depression inventory 

(BDI; total=63). The averaged trait, state anxiety and de-

pression scores were 38.06 (S.E.=1.91), 34.62 (S.E.=1.76), 

and 13.38 (S.E.=2.07), respectively. The EEG data of two 

subjects (1 male) were rejected from offline ERP analysis 

due to insufficient artifact-free trials available for ERP av-

eraging. The subjects were right-handed, had normal or 

corrected to normal vision. The remaining sixteen subjects 

were similar in the habitual use of cognitive reappraisal 

(M=18.87) and expressive suppression (M=16.63; 

t(15)=1.50, P=0.16) in the Emotion Regulation Question-

naire (ERQ; [37])1). The study was approved by the local 

Review Board for Human Participant Research and each 

subject signed an informed consent form prior to the ex-

periment. 

1.2  Stimuli and procedures 

The present study used a block-design picture viewing task. 

The task consisted of 4 blocks, and each block included 40 

picture stimuli that were taken from International Affective 

Picture System (IAPS) and its Chinese adapted Version 

(Chinese Affective Picture System-CAPS; [38,39]). The 

picture stimuli were neutral, emotionally irrelevant in the 

first Block, as a non-emotional baseline for computing emo-

tion effect in later conditions (Neutral-View, NV). In the 

second Block, subjects were required to view 40 unpleasant 

pictures without using any emotion regulation strategies 

(Unpleasant-View, UV). Then, the last two blocks each 

required subjects to view 40 unpleasant pictures while reg-

ulating unpleasant emotion using expressive suppression 

(Unpleasant-Suppression, US), or cognitive reappraisal 

(Unpleasant-Reappraisal, UR) strategy, respectively. The 

order of the US and UR blocks was counterbalanced across 

subjects. The purpose of preceding regulation blocks with 

non-regulation blocks was to avoid any carry-over influence 

of regulation strategies on the subsequent non-regulation 

viewing condition, as recommended by Moser et al., [34]， 

Gross [10] and Ohira et al. [13]. Unpleasant pictures were 

composed of the scenes of frightening animals, human at-

tack and body mutilations while neutral pictures depicted 

the scenes of neutral animals and human activities2).  

In order to avoid emotional habituation or sensitization 

when a single set of pictures are presented repeatedly, the 

currents study randomly selected three different sets of un-

pleasant pictures for the UV, US and UR conditions. Also, 

there was evidence showing a cultural bias when IAPS was 

applied to Chinese subjects [40]. In order to control these 

influences and attribute differences in dependent variables 

                      

1) ERQ is a 10 item, 7-point questionnaire designed for measuring habitual use of expressive suppression and cognitive reappraisal. The ERQ had no re-

versed scoring items. Because the ERQ contained 6 items for reappraisal and 4 items for suppression, we multiplied the original reappraisal scores with 4/6, 

consequently to obtain reappraisal scores equivalent to the sum of 4 items. Therefore, the comparison was conducted between the original suppression scores 

and the converted reappraisal scores to exclude the influence of the number differences.  

2) The experimental materials used for this study are available by contact to the corresponding author. 
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solely to emotion regulation, firstly we need to conduct a 

separate procedure checking whether the three sets of pic-

tures were similar in emotional parameters for Chinese peo-

ple. For this purpose, four trained judges (two males) blind 

to research purposes were invited to rate the valence 

(9-point scale, from 1: extremely unpleasant to 9: extremely 

pleasant) and arousal (9-point scale, from 1: very calm to 9: 

very excited) of the pictures. The four judges were highly 

consistent in assessing the emotionality of the pictures. The 

inter-rater reliability (kendall’ s coefficient of concordance) 

was 0.83 (χ2
(3) =9.90; P<0.05) for both valence and arousal 

dimensions. Therefore, we averaged the rating data across 

the four judges for each picture, and then conducted a 

one-way ANOVA for the valence and arousal of pictures 

with experimental condition as a predictor. The condition 

effect for arousal was highly significant (F(3,156)=242.31, 

P<0.001). The pariwise comparisons showed significantly 

higher arousal values for UV (M=7.20), UR (7.13) and US 

(6.97) conditions than the NV condition (3.03; all P<0.001). 

In addition, the arousal values were not significantly differ-

ent during the UV, UR and US conditions (P=0.21 for 

UV-US; 0.71 for UV-UR; and 0.38 for US-UR comparisons; 

uncorrected; see Figure 1A). Similarly, the condition effect 

for valence was also significant (F(3,156)= 237.78, 

P<0.001). The pariwise comparisons showed significantly 

lower valence values for UV (1.73), UR (1.76) and US 

(1.83) conditions in comparison with the NV condition 

(4.71; all P<0.001). In addition, the valence values were not 

significantly different during the UV, UR and US condi-

tions (P=0.43 for UV-US; 0.82 for UV-UR; and 0.58 for 

US-UR comparisons, uncorrected; see Figure 1B). Thus, the 

pictures used for UV, US and UR conditions were valid in 

inducing unpleasant emotion, and the emotion attributes of 

the pictures were kept similar across the three unpleasant 

conditions. 

Subjects were seated in a quiet room at approximately 

150 cm from a computer screen with the horizontal and ver-

tical visual angles below 6°. Prior to each block, subjects 

were instructed of the task and were presented with 10 trials 

for practice. In block 1 and 2, each trial was initiated by a 

1000 ms presentation of a word “view”, reminding subjects 

of the task in the block. The offset of the word was followed 

by a small black fixation cross on the white computer screen 

for 300 ms. Then, a 300700 ms blank screen was presented 

and was followed by the onset of pictures for 2000 ms. 

Subjects were instructed to do nothing but to simply view 

and pay close attention to each picture stimulus. The inter-

val between the offset of the picture and the next word 

stimulus was 1000 ms. Between blocks; two mins of rest, 

which was the maximal time used by another 10 subjects to 

rest in a pilot study, were used for subjects to recover their 

mood to the baseline level.  

In block 3 and 4, the stimulus stream was the same as 

that of block 1 and 2, except that the word changed into 

“suppression” or “reappraisal”, for reminding subjects to 

use the corresponding strategy to regulate unpleasant emo-

tion in that block. Participants were trained of the suppres-

sion and the reappraisal strategies during practice trials. 

Reappraisal instructions trained subjects to think of pictures 

objectively; for example, to regard themselves as detached 

observers and that the event has no personal relevance to 

them [41]. Suppression instructions trained participants to 

intentionally suppress the expression of emotion responses 

to pictures, by keeping their facial expressions unchanged 

so that someone watching their face was unable to detect 

what was being experienced subjectively. At the end of each 

block, subjects were required to rate their mood state by a 

self-report 7-point scale (1: neutral, non-emotional to 7: 

extremely unpleasant). Also, they were asked to rate how 

successful they suppressed emotion-expressive behaviors 

/reappraised the meanings of the pictures, at the end of sup-

pression or reappraisal block by a 7-point scale (1: not suc-

cessful at all; 7: completely successful).  

1.3  ERP recording and analysis 

The EEG was recorded from 64 scalp sites using tin elec-

trodes mounted in an elastic cap (Brain Products), with the 

references on the left and right mastoids (average mastoid 

reference, [42]) and a ground electrode on the medial frontal 

aspect. The vertical electrooculograms (EOGs) were rec- 

orded supra- and infra-orbitally at the left eye. The horizon-

tal EOG was recorded from the left versus right orbital rim.  

 

 

Figure 1  The results of mood rating for each block (A), and the results of valence (B) and arousal (C) assessment for pictures in each block (right). Error 

bars: ±SD.  
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The EEG and EOG were amplified using a DC~100 Hz 

bandpass and continuously sampled at 500 Hz/channel. All 

inter-electrode impedance was maintained below 5 kΩ. Av-

eraging of ERPs was computed off-line. Eye movement 

artifacts (blinks and eye movements) were rejected offline 

and 24 Hz low pass filter was used. Trials with EOG arti-

facts (mean EOG voltage exceeding ±80 μV) and those 

contaminated with artifacts due to amplifier clipping, 

peak-to-peak deflection exceeding ±80 μV were excluded 

from averaging. Rejected trials were rare. There were on the 

average 38.0 trials for NV, 37.8 trials for UV, 38.4 trials for 

US and 37.6 trials for UR conditions obtained for ERP av-

eraging (F(3,45)=0.83, ns). 

The EEG in each block was averaged separately. The 

ERP waveforms were time-locked to the onset of stimuli 

and the averaged epoch for ERPs was 2200 ms including a 

200 ms pre-stimulus baseline. As shown by Figure 2, each 

block elicited a prominent P2 in the 140200 ms, and a 

prominent P3 component in the 340–480 ms interval across 

frontal and central scalp areas
3), consistent with prior studies 

involving prepotent behavioral inhibition [27,28]. Moreo- 

ver, prominent Late Positive Potential (LPP) activity, which 

started from 600 ms and lasted until the offset of picture 

presentation (i.e., 2000 ms), was observed at the posterior- 

parietal scalp region during each block (Figure 2), con-

sistent with the topographical distributions in many prior 

studies [3236]. Therefore, the amplitudes (baseline to peak) 

and peak latencies of P2 (140200 ms), and the averaged 

amplitudes of P3 (340480 ms) were measured and ana-

lyzed at the central and frontal areas (9 sites: Fz, F3, F4, 

FC3, FC4, FCz, Cz, C3, C4). We measured averaged am-

plitudes, instead of peak amplitudes, for P3 because the 

peak was not prominent in the NV condition. Moreover, the 

LPP amplitudes were measured in 6002000 ms time win-

dows at parietal region (9 sites: CP3, CPz, CP4, P3, Pz, P4, 

PO3, POz & PO4).  

A repeated-measure ANOVA was conducted on the la-

tencies (P2) and the amplitudes (P2, P3 and LPP) of these 

components with Block [4 levels: NV, UV, US & UR], sag-

gittal (three levels: F, FC and C for P2 and P3; CP,P & PO 

for LPP) and coronal (three levels: left, midline, right) as 

factors. In order to analyze the timing dynamics of LPPs 

during different instructions, LPP amplitudes in the 

6002000 ms were segmented into 7 consecutive time 

windows of 200 ms each), and timing (7 levels) was then 

submitted into the ANOVA as an independent variable. If a 

significant main effect of block or block by timing interac-

tion was detected, the post hoc analyses were planned to 

focus on 1), testing the significance of the emotion effect 

(UV vs. NV) and the regulation effect (UV vs. US; UV vs.  

UR); 2), testing how the timing of the emotion regulation 

effect in LPP amplitudes varied as a function of strategy. 

The degrees of freedom of the F-ratio were corrected ac-

cording to the Greenhouse-Geisser method for any viola-

tions of sphericity, and Bonferroni-Holm method was used 

to adjust the P-value during post hoc pairwise comparisons 

if significant main or interaction effects were detected [31].  

2  Result 

2.1  The mood assessment 

The analysis of mood rating data (based on a 7-point Likert 

scale) showed a significant main effect of block 

(F(3,45)=53.18, P<0.001; η2p=0.78). The unpleasant mood 

rating during UV condition (6.25) was significantly higher 

than during NV condition (1.63). In addition, both UR and 

US conditions showed decreased unpleasant rating than the 

UV condition (both P<0.001), while the mood rating during 

reappraisal (4.00) was not significantly different from that 

during suppression (4.19; P=0.66; see Figure 1A). 

2.2  Manipulation check 

The analysis of the instruction conformation data (i.e. re- 

sponses to the question “ how successful did you reappraise 

the stimulus /suppress the expression of emotion?” showed 

that the reappraisal strategy was successfully used during 

the UR block (6.31) and the suppression strategy was suc-

cessfully used during the US block (6.69). The scores were 

significantly higher than the midpoint of the rating scale 

(i.e.4) during both reappraisal (t(15)=9.12, P<0.001) and 

suppression (t(15)=22.46, P<0.001) blocks. The rating was 

not significantly different between suppression and reap-

praisal blocks (t(15)=1.57, P>0.10).  

2.3  The emotion effects in ERPs 

P2. The analysis of P2 amplitudes showed a significant 

main effect of block (F(3,45)=7.74; P=0.001). The ampli-

tudes were smaller during neutral (3.72 µV) compared to 

unpleasant blocks, irrespective of regulation strategies 

(ps<0.02). There were no significant differences across UV 

(5.39 µV), US (5.83 µV) and UR (5.42 µV) conditions 

(ps>0.90). The analysis of P2 latencies did not yield any 

significant main or interaction effects.  

P3. There were significant main effects of block 

(F(3,45)=9.82, P<0.001) and saggitality (F(2,30)=27.76, 

P<0.001). Central sites (1.80 µV) recorded larger ampli-

tudes than frontal sites (1.43 µV). The P3 amplitudes were  

 

                         

3) Figure 2 shows that P3 component was noticeable across both frontal, central and parietal sites. We conducted a preliminary analysis of emotion regu-

lation effect in P3 amplitudes at Fz, FCz, Cz, CPz and Pz sites, separately. The results showed that the regulation effect was significant in Cz and more ante-

rior sites (F(2,30) =3.71-4.39; pmax=0.044)regions but not in CPz and Pz (F max (2,30) =1.90, pmin=0.17). Thus, our analysis of P3 component just focused on 

central and more anterior regions.  
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Figure 2  Averaged ERPs elicited by NV, UV, US, UR conditions at Fz, FCz, CP3, CP4, P3, P4 and Pz. 

smaller for neutral (1.79) compared to negative pictures 

during UV (0.65 µV; P<0.001), US (1.71 µV; P<0.001) and 

of a smaller size, during UR (0.22 µV; P=0.045) condi-

tions. In addition, US block exhibited larger P3 amplitudes 

compared to UR block (F(1,15)=8.72, P=0.03) which, 

however, displayed similar amplitudes with the UV condi-

tion (F(1,15)=1.55, P=0.69). No other effects were detected 

in this component.  
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Late Positive Potential (LPP) 

The LPP amplitudes were more pronounced at centroparie-

tal (4.82 µV) compared to parietal (2.81 µV) or occipitopa-

rietal (0.30 µV) sites (F(2,30)=37.16, P<0.001). There was 

a significant main effect of block (F(3, 45)=11.60, P<0.001) 

and timing (F(6, 90)=14.15, P<0.001). Negative pictures 

elicited enhanced amplitudes than neutral (0.92 µV) pictures, 

regardless of regulation instructions (all P<0.01). Regarding 

emotion regulation effects, the post hoc analysis identified 

smaller amplitudes for US (2.43 µV; P=0.036), but not UR 

(3.15 µV; P>0.10), compared to UV (3.71 µV) blocks.  

Moreover, there was a significant timing by condition 

interaction (F(18, 270)=2.70, P=0.023). In order to break 

down this interaction, we tested the main effect of block in 

each of the seven time windows, respectively. If the condi-

tion effect was significant, the post hoc pairwise compari-

sons focused on the UV-US and the UV-UR differences, 

similar to the approach used by Paul and colleagues [31]. 

600800 ms: the main effect of block was significant 

(F(3,45)=11.89, P<0.001). Post hoc pairwise comparisons 

showed that this effect was due to the larger LPP amplitudes 

for negative versus neutral pictures, regardless of regulation 

instructions (all P<0.01). The LPP amplitudes were not sig-

nificantly different across UV (5.29µV), US (4.50 µV) and 

UR (4.82 µV) blocks (all P>0.50).     

8001000 ms: the main effect of block was significant 

(F(3,45)=15.25, P<0.001). Post hoc pairwise comparisons 

showed smaller LPP amplitudes for US condition (3.51 µV; 

P=0.036), but not UR condition (4.34 µV; P=0.27), in 

comparison with the UV condition (4.89 µV).  

10001200 ms: the main effect of block was significant 

(F(3,45)=13.10, P<0.001). Post hoc pairwise comparisons 

showed smaller LPP amplitudes for US condition (2.50 µV; 

P=0.024), but not UR condition (3.67 µV; P=0.13), in 

comparison with the UV condition (4.29 µV).  

12001400 ms: the main effect of block was significant 

(F(3,45)=8.18, P=0.002). Post hoc pairwise comparisons 

showed smaller LPP amplitudes for US condition (1.54 µV; 

P=0.026), but not UR condition (2.50 µV; P=0.09), in 

comparison with the UV condition (3.27 µV).  

14001600 ms: the main effect of block was significant 

(F(3,45)=6.93, P=0.002). Post hoc pairwise comparisons 

showed smaller LPP amplitudes for both US condition (0.93 

µV; P=0.005) and UR condition (1.73 µV; P=0.012) in 

comparison with the UV condition (2.94 µV). 

16001800 ms: the main effect of block was not signifi-

cant (F(3,45)=1.47, P=0.24). 

18002000 ms: the main effect of block was not signifi-

cant (F(3,45)=2.18, P=0.12). 

Thus, US condition elicited smaller LPP amplitudes 

compared to UV condition from 800 ms post picture onset, 

while UR condition did not produce the significant LPP 

reduction effect until 1400 ms post stimulus (Figure 3).  

2.4  Correlation analyses  

To test whether LPP amplitude is valid, as reported, in pre-

dicting the intensity of emotion experience, we computed 

spearman rank-order correlation between the LPP ampli-

tudes and the scores of unpleasant mood rating, in the UV 

versus NV conditions whose emotion effect is free of the 

impact of regulation. The LPP amplitudes for correlation 

analyses were extracted from the 6001600 ms, because 

this window showed a significant emotion effect. The re-

sults showed that the LPP amplitude effect was positively 

correlated with the intensity of unpleasant experience 

(r=0.571, P=0.010; Figure 4A). To clarify whether this cor-

relation was specific to LPP amplitudes, a similar correla-

tion was computed between the mood effect and the ampli-

tude effect in P3, another component that also involves late 

conscious processing [27]. This correlation, however, was 

non-significant (r=0.056, P=0.418; Figure 4B).  

Because the LPP amplitude reduction was specific to ex-

pressive suppression in the 8001400 ms interval, we also 

computed the spearman correlation between the emotion 

effect of LPPs in this interval and the negative mood levels 

during US compared to NV conditions. The result demon-

strated a similar positive correlation between the two varia-

bles (r=0.443, P=0.043; Figure 4C), which reinforced the 

validity of LPPs in reflecting subjective negative emotion.  

Lastly, to verify whether the pronounced P3 amplitudes 

during US condition reflects brain processing of suppress-

ing emotion-expressive behaviors, an additional spearman 

correlation was computed between the suppression rating 

and the US-NV amplitude differences in P3. The result 

showed a trend of larger P3 amplitude enhancement from 

NV to US conditions with increasing suppression ratings 

(r=0.407, P=0.059; Figure 4D). This trend was specific to 

the P3, as we failed to observe a similar correlation between 

the LPPs and suppression rating (r=0.094, P=0.365). 

Taken together, these results suggested that the pro-

nounced P3 during US condition was most likely an indica-

tor of expressive inhibitory processing, while the subse-

quent LPP amplitude, as indicated by prior studies, was a 

valid index of the subjective experience of unpleasant emo-

tion (Figure 4A–D).  

3  Discussion 

Using event-related potential technique, the present study 

investigated the timing dynamics of unpleasant emotion 

regulation by expressive suppression and cognitive reap-

praisal in a Chinese sample. The main findings demonstrat-

ed that 1), unpleasant pictures elicited greater unpleasant 

report, and greater positive amplitudes across P2, P3 and 

LPP components in comparison with neutral pictures, sug-

gesting that our manipulation of negative pictures were 

successful; 2), reappraisal and suppression decreased sub- 
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Figure 3  Top Panel: Unpleasant-neutral difference ERPs at Pz during viewing (black), expressive suppression (blue) and reappraisal (red) conditions. 

Bottom Panel: Topographical maps of the voltage amplitudes of unpleasant-neutral difference waves during viewing, suppression, and reappraisal conditions 

from 600 to 1600 ms. It can be observed that the unpleasant effect reflected by LPP decreased at earlier time points during suppression vs. reappraisal. 

jective negative emotion to a similar extent; 3), expressive 

suppression induced larger amplitudes compared to reap-

praisal in central-frontal P3, a component established to 

reflect response inhibitory processing during behavioral 

inhibition studies [2729]; 4), the reduction of LPP ampli-

tudes for negative pictures happened at earlier time points 

during suppression compared to reappraisal. These results 

suggest that expressive suppression dampens unpleasant 

emotion more quickly than cognitive reappraisal in Chinese 

individuals. 

3.1  Early components  

In the present study, the P2 component that peaked 

around 200ms post stimulus, showed similar amplitudes 

during UV, US, UR conditions which, however, all elicited 

larger positive amplitudes than the NV condition. This co-

incided with prior reports of larger P200 amplitudes for 

emotional than for neutral stimuli that reflects enhanced 

attention allocation to biologically important stimuli [43,44]. 

The application of regulation strategies did not significantly 

influence P2 amplitudes, probably because this component 

was located in an early time point where conscious cogni-

tion is inaccessible [45,46]. 

US condition elicited larger P3 amplitudes than UR con-

dition which, however, elicited similar P3 amplitudes as the 

UV condition across central and frontal sites. Previous 

studies have indicated that expressive suppression is a re-
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Figure 4  The scatterplot for the spearman rank-order correlation between the negative mood and the LPP effect (6001600 ms) during UV vs. NV condi-

tions (A); between the negative mood and the P3 effect during UV vs. NV conditions (B); between the negative mood and the LPP effect (8001400 ms) 

during US vs. NV conditions (C); between the suppression rating and the P3 effect during US vs.NV conditions (D). *, P<0.05. 

source-costly strategy that requires effortful monitoring of 

the prepotent emotion-expressive behaviors [4,10,13]. By 

contrast, it has been indicated that reappraisal is an eco-

nomical strategy that does not require subjects to conduct 

effortful monitoring [10]. As indicated, suppressing prepo-

tent behaviors was linked with a larger central-frontal P3 

component peaking around 400ms post stimulus (i.e. No-go 

P3; [27,28]), which reflects enhanced engagement of cogni-

tive resources during inhibitory processing [2830]. There-

fore, the effortful inhibitory processing recruited during 

suppression instead of reappraisal most likely accounted for 

larger p3 amplitudes during suppression compared to reap-

praisal strategies. This interpretation was supported by our 

finding that the P3 amplitude enhancement during US vs. 

NV conditions positively predicts self-reported expressive 

suppression. On the other hand, the P3 amplitudes were 

similar during UR and UV conditions. This confirms that 

reappraisal is an economical strategy that does not engage 

much self-monitoring process [4,6,10], as the P3 amplitudes 

were found to increase with greater resources mobilized for 

cognitive processing [29,47]. 

3.2  Emotion regulation effects in LPPs 

The present study observed prominent LPP activity starting 

from 600 ms and lasting until 2000 ms post stimulus. Con-

sistent with prior reports [35,36,48], LPP amplitudes were 

enlarged for unpleasant than for neutral stimuli in the 

6001600 ms during the viewing condition, and this ampli-

tude enhancement was positively related to the subjective 

experience of negative emotion. This confirms that the LPP 

amplitude elicited by emotional stimuli is a valid index of 

subjective emotion arousal [32,33].  

More importantly, we observed decreased LPP ampli-

tudes for US relative to UV conditions, and this amplitude 

reduction began from 800 ms and sustained until 1600 ms 

post stimulus. In contrast, the LPP amplitudes were similar 

in the 6001400 ms, and then decreased in the 14001600 

ms time interval during UR compared to UV conditions. 

This suggests that expressive suppression reduced negative 

emotional responding more quickly compared to cognitive 

reappraisal. LPP amplitude modulation has proved to be an 

ideal index of the effect of emotion regulation, with the am-

plitude reduction positively related to the decrease in 

self-reported emotion [9,3234]. Consistent with these re-
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ports, our results of correlation analysis reinforced the va-

lidity of LPP amplitude in reflecting the intensity of subjec-

tive emotion (Figure 4). Thus, our timing analysis of the 

LPP modulation effectively delineated the timing features 

of emotion downregulation, such as determining the time 

points for a strategy to take effect in reducing emotional 

reaction.  

3.3  Implications 

Taking P3 and LPP results together, the present study 

demonstrated that expressive suppression, which recruited 

more cognitive resources indexed by enlarged P3 activity, 

was faster in reducing the intensity of unpleasant emotion 

responding compared with cognitive reappraisal in Chinese 

individuals. This was in line with a number of recent studies, 

which indicated that Asian cultures more encourage the 

suppression of negative emotional expression in comparison 

with western cultures [1,1821]. This is because the expres-

sion of negative emotions may hurt someone else or are 

detrimental to social and relational harmony, which is val-

ued by interdependent and collectivistic cultural norms in 

Asia countries [1,20,21]. For example, Friesen [49] ob-

served that Japanese and European participants showed the 

same facial expressions when watching an emotional film 

alone, but Japanese showed less negative expressions in the 

presence of experimenter. In addition, many studies report-

ed greater emotion suppression in eastern cultures, such as 

the report of greater habitual suppression in Asian Ameri-

cans [37], the report that Asian values discourage assertive-

ness and encourage self-regulation when interacting with 

people of higher social status [50], and that suppressing 

emotion displays was considered as normative in collec-

tivistic nations [21,51]. Consistent with all these evidences, 

the current study observed that suppression is as effective as 

reappraisal in dampening experienced negative emotion. 

Furthermore, our findings extended these previous studies 

by showing that suppression down-regulated negative emo-

tional reaction more quickly than reappraisal in Chinese. 

Thus, expressive suppression is not necessarily less effec-

tive than cognitive reappraisal in down-regulating negative 

emotion. Instead, this strategy is faster than reappraisal in 

regulating emotional reaction, at least, in a culture that val-

ues suppressing negative expressions.  

However, expressive suppression was consistently re-

ported to enhance physiological responding compared to 

reappraisal in heart rate, skin conductance response as well 

as  activations in prefrontal and limbic cortices [4,6,13]. 

For instance, it was reported that disgust-expressive sup-

pression significantly increased neural activity in limbic 

regions (e.g. amygdala and insula; [6]); and that suppressing 

emotion expression to IAPS pictures elicited larger skin 

conductance responses and greater orbitofrontal cortex ac-

tivations [13]. Based on these findings, Researchers inferred 

that expressive suppression was a maladaptive strategy in 

terms of emotion regulation [4,6]. However, the increased 

peripheral-physiological and limbic activations were not 

necessarily a unique reflection of emotional impact [13,24]. 

These activations also resulted from increased cognitive 

load during resource-demanding tasks such as working 

memory task [24], or voluntary emotional suppression [13]. 

Despite this fact, no study to date has isolated the index of 

cognitive load from that of regulating emotion arousal dur-

ing emotion-expressive suppression.  

With high temporal resolution ERPs, the present study 

observed that central-frontal P3 amplitudes were larger 

during suppression compared to reappraisal conditions, and 

the P3 (but not LPP) amplitude showed a positive correla-

tion with self-reported suppression. In contrast, LPP (but 

not P3) amplitudes were positively related to experienced 

negative emotion. These results showed that central-frontal 

P3 amplitudes were most likely an index of cognitive load 

during expressive suppression while LPP amplitude modu-

lation, as consistently indicated [33,34], was a reflection of 

emotion arousal modulation during suppression. Therefore, 

it is likely that the enhanced physiological and limbic re-

sponding observed in prior studies reflects enhanced cogni-

tive cost during expressive suppression, rather than emo-

tional consequences that shared these patterns of activations. 

Considering that the speeded regulation during suppression 

was preceded by enhanced cognitive costs, future studies 

need to investigate emotion regulation by combing suppres-

sion and reappraisal, to explore the likelihood of enhancing 

regulating efficiency without much involvement of cogni-

tive cost. 

The present study preceded the regulation blocks with 

the viewing block to avoid potential confounds of practicing 

regulation strategies on the emotional arousal effects during 

the viewing condition. One may question that this design 

leads to emotional habituation from viewing to regulation 

blocks, which confounds the effects of emotion regulation. 

This possibility, however, may not be true based on the fol-

lowing two reasons. Firstly, the current study used three 

different sets of negative pictures for UV, UR and US con-

ditions. Each condition included 40 pictures; and each pic-

ture was presented just for once in the experiment, which is 

in disagreement with the notion of emotional habituation in 

prior studies that examined the impacts of repeated stimulus 

presentation on one’s reaction to emotional stimuli [5254].  

Secondly, there were a couple of evidences showing that 

the humans are resistant to emotional habituation during 

negative stimulation, whether the stimulus presentation was 

repeated [52) or unrepeated [55,56]. For instance, Carretie´ 

et al. [52] directly explored the emotional habituation ef-

fects using repeated stimulus presentation and ERP 

measures. The results showed that the N100 activity to pos-

itive and neutral stimuli was significantly reduced during 

the second compared to the first experimental phases. 

However, the N100 amplitudes were not significantly re-

duced in the second compared to the first phases during 
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negative stimulation. In addition, using affective priming 

and an emotional stroop task, Smith and colleagues [55] 

observed that the color naming for negative words was pro-

longed compared to that for positive words, and this effect 

was reliable, unaffected by whether the emotional words 

were preceded by negative primes, or by no-prime. This 

suggests that the antecedent perception of negative infor-

mation does not decrease the emotional effects for negative 

words. Recently, we investigated the impact of listening to 

positive and negative music on the brains’ responding to 

emotional pictures. By computing emotional-neutral differ-

ences in LPP amplitudes as an index of emotional arousal to 

pictures, we observed that the emotional arousal to negative 

pictures was not decreased, but instead increased by listen-

ing to negative music before picture onset [56]. Based on 

these evidences, the LPP and negative emotion reductions 

during regulation compared to viewing blocks in the current 

study was most likely a result of emotion regulation, rather 

than emotional habituation. 

4  Conclusions 

Expressive suppression is as effective as cognitive reap-

praisal in down-regulating the intensity of experienced neg-

ative emotion. Furthermore, suppression dampens negative 

emotional responding more quickly than reappraisal in 

Chinese individuals, at the cost of greater involvement of 

cognitive resources. LPP is a unique index of emotional 

reaction while central-frontal P3 is an index of suppressing 

emotion-expressive behaviors in brain potentials.   
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