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A B S T R A C T   

Cognitive reappraisal is an important emotion regulation skill for psychological health and well-being, however, 
some people cannot use this strategy effectively. We investigated EEG alpha asymmetry by calculating lateral 
index (LI) when twenty-six healthy participants were instructed to complete the emotion cognitive reappraisal 
task of viewing neutral pictures, watching negative pictures and reappraising negative pictures. According to 
self-reported valence and arousal, the participants were divided into effective and ineffective groups. Habitual 
use of rumination was also assessed using the Cognitive Emotion Regulation Questionnaire (CERQ). EEG alpha 
asymmetry results demonstrated that, ineffective group showed greater relative right temporal activity than 
effective group in the early stage of reappraisal, indicating higher subjective arousal. Both groups showed greater 
relative left frontal alpha activity in the late stages of reappraisal compared with watching negative images, 
indicating the recruitment of corresponding functions in prefrontal regulatory circuitry during the effort of 
reappraisal. CERQ analysis results showed that, ineffective group got significantly higher score than effective 
group in habitual use of rumination. Partial correlation revealed that, in male participants, temporal LI change 
(negative-reappraisal minus negative-watch) was negatively correlated with self-reported arousal and habitual 
use of rumination. In addition, by using K-means cluster analysis, temporal LI combined with CERQ-rumination 
score achieved a classification accuracy of 84.6 %. These findings suggested that, EEG alpha asymmetry as well 
as the habitual use of rumination accounted for the reappraisal effectiveness.   

1. Introduction 

Reappraisal is one of the emotion regulation strategies that used to 
change the emotional impact of a situation by altering the meaning or 
the self-relevance of that situation [1]. In view of positive implications 
for psychological health, social functioning and well-being [2,3], reap-
praisal has been widely used in both prevention and intervention of 
emotion problems. However, it is difficult for some people (especially 
with emotional disorders) to successfully implement cognitive reap-
praisal [4–6]. Although numerous studies have investigated the neural 
mechanisms of reappraisal [7,8], it is unclear why some individuals 
exhibit ineffective reappraisal. 

EEG alpha asymmetry has been extensively investigated in emotional 
neural science [9–12], showing promising potential in the analysis of 
emotion regulation. Most research found increased relative left frontal 

alpha activity not only in automatic emotion regulation [13,14], but also 
in cognitive reappraisal [8,15]. Parvaz et al. [15] indicated that frontal 
alpha activity over the left hemisphere was increased during cognitive 
reappraisal of unpleasant pictures compared with normal viewing. Choi 
et al. [8] found relative greater left frontal activity when participants 
were instructed to use reappraisal of negative images than when they 
normally viewing negative images. In addition, Papousek et al. [16] put 
forward a concept as “capacity for generating cognitive reappraisals”. 
Participants were instructed to generate as many different ways as 
possible to reappraise the negative vignettes in Reappraisal Inventive-
ness Test (RIT [17]), and the numbers and categories of generated ideas 
were used to index the capacity. Papousek et al. [16] correlated frontal 
EEG alpha asymmetry with the capacity in generating alternative ap-
praisals of anger-evoking events, finding that individuals with higher 
capacity had more left-lateralized alpha activity in lateral prefrontal 
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cortex. It is reasonable that the higher capacity represents the more 
possibility of effective cognitive reappraisal, we therefore want to 
address if effective reappraisal elicit greater relative left alpha activity 
than ineffective reappraisal. 

Previous studies indicated that the generation and alternation of 
emotion is an evolving time course. Gross [18] proposed a process model 
of emotion regulation in temporal sequence: (1) selection of the situa-
tion, (2) modification of the situation, (3)deployment of attention, (4) 
change of cognitions, and (5) modulation of experiential, behavioral, or 
physiological responses. Ochsner et al. [19] then proposed a four-step 
emotion generation model based on Gross’s model, including stimuli 
in context, attention, appraisal and response. The temporal dynamics of 
reappraisal was mainly characterized by the event-related potentials 
(ERP), in which the late positive potential (LPP) during reappraisal has 
been extensively investigated [20–23]. In our latest ERP research, more 
positive P200 to negative-watch stimuli relative to both 
negative-reappraisal and neutral stimuli was found in the failure group 
in the occipital region, but no such condition differences were observed 
in the success group. Reappraisal success group showed increased LPP 
amplitude in negative-reappraisal conditions relative to negative-watch 
conditions in 3100− 5000 ms [24]. Although ERPs have been used to 
track the neural characteristics of reappraisal success and failure, EEG 
oscillation and lateralization properties, which were also important for 
emotion and cognitive reappraisal, have not been well investigated. 

The classical EEG alpha asymmetry is usually calculated with the 
averaged alpha power of all epochs during task engagement [25,14], in 
which the time-related information within an epoch was lost. In order to 
examine the dynamic role in the information processing stream, recent 
studies investigated the time course of frontal alpha asymmetry by 
dividing EEG data into different time windows according to cognitive 
process [26,27], which has been widely used in EEG analysis in order to 
investigate temporal dynamics of brain activity. However, little studies 
reported the time course of EEG alpha asymmetry during the process of 
reappraisal. 

Additionally, habitual use of emotion regulation strategies 
(measured by the Cognitive Emotion Regulation Questionnaire, CERQ, 
[29,30]), has been reported to be related to emotional disorders [31,32] 
and frontal alpha asymmetry [8]. The increased use of maladaptive 
strategy coupled with decreased use of adaptive strategy has been 
proved to be associated with both clinical and subclinical levels of 
depression and anxiety symptoms [31,32]. In particular, the rumination 
strategy in CERQ, which refers to repetitively focusing on the negative 
thoughts and emotions associated with experiences, was found to have 
unique and significant relationships with depression symptoms [32–35] 
and cognitive reappraisal process. Ray et al. [36] examined the relation 
between trait rumination and the neural systems supporting cognitive 
reappraisal with functional magnetic resonance imaging (fMRI) data, 
finding that individual differences in rumination correlated with greater 
decreases in prefrontal regions implicated in self-focused thought when 
participants were decreasing negative affect. Taken together, rumina-
tion seemed to have great influence on emotional disorders and reap-
praisal neural mechanism. It is significant to explore if the effective 
reappraisal is also affected by the rumination. 

The present study focused on the relationship between EEG alpha 
asymmetry and the effectiveness of reappraisal, as well as the influence 
of habitual use of rumination on reappraisal effectiveness. We investi-
gate: (1) the time course of EEG alpha asymmetry during the cognitive 
control process of reappraisal; (2) whether EEG alpha asymmetry could 
distinguish effective reappraisal from ineffective reappraisal; (3) 
whether there is difference in habitual use of rumination between 
effective reappraisal and ineffective reappraisal; (4)At last, using EEG 
alpha asymmetry and CERQ-rumination score as features, if effective 
reappraisal could be distinguished from ineffective reappraisal by clus-
ter analysis. 

2. Materials and methods 

Data for this analysis came from our recently completed study that 
utilized ERP to examine characteristics of reappraisal success and fail-
ure. See Cao et al. [24] for details. 

2.1. Participants 

26 graduate students (15 men, 11 women; age range: 21–24 years; all 
right-handed) recruited from Shanghai University participated in the 
Experiment. All participants had normal or corrected-to-normal vision, 
no history of neurological or psychiatric illness, no history of substance 
or alcohol abuse, and were not taking any prescription medications. 
According to the self-rating Anxiety Scale (SAS) and self-rating 
Depression Scale (SDS), all subjects had no depression or anxiety syn-
drome. All participants signed the informed consent form before the 
experiment and were paid for participation. The experimental protocol 
was approved by Shanghai Ethics Committee for Clinical Research. The 
study was conducted in accordance with the Declaration of Helsinki. 

2.2. Stimuli and procedure 

Visual stimuli were 90 color images (60 negative, 30 neutral), 
selected from the International Affective Picture System (IAPS; [37]) 
according to valence and arousal ratings in the Self-Assessment Manikin 
(SAM) [38], a 1–9 point Likert scale. Neutral pictures (mean valence =
5.10, SD = 0.38; mean arousal = 3.14, SD = 0.47) contained scenes 
without positive or negative emotional effect, such as a cup or a book. 
Negative pictures (mean valence = 2.55, SD = 0.52; mean arousal =
5.75, SD = 0.81) included scenes that brought people unpleasant or 
discomfort feelings, such as fierce animals or serious disaster. Neutral 
pictures were used as stimuli for viewing task (neutral-view). Negative 
pictures were randomly divided into two equal sets, with equated 
valence and arousal (independent sample t-test, p-vales > 0.1), used as 
stimuli for watching task (negative-watch) and reappraisal task (neg-
ative-reappraisal) separately. 

The experiment was presented on a color monitor using E-prime 2.0 
stimulus presentation software (Psychology software tools, USA). Par-
ticipants were instructed to view visual stimuli presented on a 17-inch 
computer monitor placed approximately 70 cm in front of them. Each 
image occupied approximately 40◦ of visual angle horizontally and 
vertically. 

The emotion regulation experimental procedure was based on that of 
Thiruchselvam et al. [39]. The informed consent form was signed by 
each participant at first, and then a survey of SAS and SDS was 
completed. Further, the CERQ [29] was conducted to index the extent to 
which a range of adaptive and maladaptive cognitive strategies were 
employed to regulate emotion in response to negative stimuli. The 
experimenter explained the experimental details as follows: two types of 
images (neutral and negative) would be presented on the monitor, one of 
the instructions (neutral-view, negative-watch and 
negative-reappraisal) would be presented before the image. You should 
respond naturally when doing neutral-view and negative-watch task, 
and change the way thinking about the image when doing 
negative-reappraisal task in order to relieve the negative impact, but 
should not transfer your thoughts to other things that had no relation 
with the image. In order to ensure good understanding of the task and 
rules, participants were instructed to complete five practice trials per 
condition, in which the images were not used in the formal experiment. 
Participants were given the opportunity to ask questions clarifying the 
instructions, and were inquired about the details of how they employed 
the reappraisal strategy after practice. After that, EEG sensors were 
attached and participants were instructed to attend formal experiment. 

The experiment began with an initial period of 3 min rest, 180 s eyes 
open and 180 s eyes closed. It was designed for subjects’ adaptation to 
the experiment. The emotion regulation task consisted of 3 blocks, each 
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block contained 30 trials equally divided into three conditions: neutral- 
view, negative-watch and negative-reappraisal. The sequence of the 30 
trials within each block was randomized for each participant, and the 
order of the three blocks was counterbalanced. Participants took a break 
about 1 min during the interval of blocks. The experimental design for a 
single trial was illustrated in Fig. 1. Each trial began with a black fixation 
cross appeared in the center of a grey screen for 2 s, followed by an 
instruction for 2 s, and then by an image displayed for 5 s against grey 
background. After the offset of each image, participants rated their level 
of valence and arousal through button responses. The ratings for both 
affective dimensions were obtained on a 1–9 scale. For valence, 1 indi-
cated the most negative, and 9 indicated the most positive. For arousal, 1 
indicated the calmest, and 9 indicated the most aroused. After button 
responses, one trial was finished, and then the next. 

2.3. EEG measurement and preprocessing 

EEG was recorded using SynAmps amplifiers, and digitized with Scan 
4.3 software (Neuroscan, Inc.). EEG signals were obtained with standard 
Ag/AgCl electrodes from 32 sites on the scalp based on the 10–20 sys-
tem, referenced to the right mastoid and re-referenced offline to the 
average of the left and right mastoids. Thirty electrodes were selected 
from 32 electrodes, which cover the whole scalp: FP1, FP2, F3, F4, F7, 
F8, Fz, FC3, FC4, FCz, FT7, FT8, C3, C4, Cz, T3, T4, CP3, CP4, CPz, TP7, 
TP8, P3, P4, Pz, T5, T6, O1, O2, Oz. Electrooculography (EOG) elec-
trodes were positioned above and below the left eye as well as the outer 
canthi of each eye. EEG was continuously recorded at a sampling fre-
quency of 1000 Hz and band-pass filtered from 0.05 Hz to 100 Hz, and 
inter-electrode impedance was kept below 10 kΩ. 

EEG offline preprocessing was conducted with EEGLab (version 
12.0.2.6b). EEG data were filtered using a band-pass filter (low cutoff at 
0.5 Hz, high cutoff at 80 Hz) and a notch-filter of 50 Hz (low cutoff at 49 
Hz, high cutoff at 51 Hz). Artifact rejection was conducted visually on 
continuous waveforms, with the researcher held blind on condition and 
participant. Eye-blink and ocular corrections were performed using in-
dependent component analysis [40]. Single-trial EEG epochs were 
extracted for a period beginning 1000 ms prior to image onset and 
continuing for the entire duration of the image presentation (5000 ms), 
and each epoch was corrected against a 1000 ms baseline. EEG epochs 
with artifacts (> ± 100 μV) were excluded. 

2.4. Behavioral criteria for the effective and ineffective reappraisal groups 

Behavioral criteria for the effective and ineffective reappraisal 
groups was coincidence with that for the reappraisal success and failure 
in our previous ERP study [24]. Effective reappraisal is usually defined 
as the decrease in the ratings of emotional experience when reappraisal 
is applied to negative images relative to when the negative images are 
watched only [41,42]. We chose self-reported valence/arousal as the 
measure of emotional experience, because they are the two orthogonal 
dimensions of emotional information [43,44], and provide a direct 
correlate of emotional experience [41]. We defined effective reappraisal 
as the increase of valence (less negative) and decrease of arousal (less 
aroused) when applying a cognitive reappraisal strategy to negative 
images (negative-reappraisal trials) versus respond naturally to negative 
images (negative-watch trials). 

2.5. EEG alpha asymmetry analysis 

We conducted EEG asymmetry analysis on artefacts free trials. On 
average 25 (83.3 %) ± 2.78 (9.3 %) trials remained per condition for 
effective group, and 26 (86.7 %) ± 2.56 (8.5 %) trials remained per 
condition for ineffective group. 

2.5.1. The classical analysis of EEG alpha asymmetry 
The classical EEG alpha asymmetry was calculated in frontal area 

following the widespread method in previous studies [25,14,8,16]. 
Spectral power was obtained through a Fast Fourier transform (FFT) for 
1-second epochs (Hanning window, 50 % overlap) during image pre-
sentation (5 s), and averaged across all artifact-free epochs within each 
condition (neutral-view, negative-watch and negative-reappraisal). 
Laterality index (LI) was computed as  

LI = ln(P(right))-ln(P(left))                                                               (1) 

where P(right) denotes the mean power of epochs for a right hemisphere 
electrode, and P(left) denotes that for a homologous left hemisphere 
electrode [45,46]. In this part, the typically used F3-F4 electrodes were 
chosen for the calculation as majority of studies did [10,45,47]. 

2.5.2. Time course analysis of EEG alpha asymmetry 
According to the process of emotional processing [20] and our pre-

vious ERP study analyzing the same data [24], the analysis was carried 
out in five time windows after stimulus onset: window 1 (100− 200 ms), 
window 2 (200− 300 ms), window 3 (300− 1700 ms), window 4 

Fig. 1. The experimental design of emotion regulation task for a single trial.  
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(1700− 3100 ms), and window 5 (3100− 4800 ms). Alpha activities were 
subdivided into alpha 1 (8–10 Hz) and alpha 2 (11–13 Hz) due to 
experimental findings of differential validity [48–51]. Sub-band Powers 
were extracted using a Db5 wavelet transform in each of the time win-
dows for each condition, and averaged across trials. 

In this part, LI was computed as a regional average of LIs (calculated 
as Eq. (1)) on selected electrode pairs, that is: FP1-FP2, F7-F8, and F3-F4 
for frontal area, FC3-FC4 and C3-C4 for central area, FT7-FT8, T3-T4, 
and TP7-TP8 for temporal area, CP3-CP4 and P3-P4 for parietal area, as 
well as O1-O2 for occipital area. 

Because alpha power has an inhibitory influence on cortical network 
activity [12], greater EEG alpha asymmetry score, i.e. right alpha power 
is greater than the left, putatively indicates greater relative left brain 
activity [25]. As a relative measure, greater EEG alpha asymmetry score 
reflects either more left than right cortical activity or less right than left 
cortical activity [12]. As such, in the present study, greater LI score 
reflected greater relative left activity and vice versa. 

2.6. Statistical analysis 

2.6.1. Statistics on grouping 
For each participant, we conducted independent sample t-test of 

valence and arousal ratings between negative-watch trails and negative- 
reappraisal trials. If the valence ratings for negative-reappraisal trials 
were significantly higher (less negative) than that for negative-watch 
trials (p < 0.05), and the arousal ratings for negative-reappraisal trials 
were significantly lower (less aroused) than that for negative-watch 
trials (p < 0.05), reappraisal was considered a success and the partici-
pant was assigned to the effective group. Otherwise, the participant was 
assigned to the ineffective group. Based on the grouping results, we 
compared demographic characteristics (e.g. age and education), as well 
as the SAS and SDS scores between the two groups (independent sample 
t-tests). Besides, by conducting paired sample t-tests on the mean 
valence/arousal (across trials) between negative-watch and negative- 
reappraisal conditions, we further analyzed the valence/arousal 
change for each group when reappraisal strategy was applied. 

2.6.2. EEG alpha asymmetry 
For the classical analysis of EEG alpha asymmetry, we performed 

repeated-measures analysis of variance (ANOVA) on LI, with Group (2 
levels: effective group, ineffective group) as between-subjects factor and 
Condition (3 levels: neutral-view, negative-watch, and negative- 
reappraisal) as within-subject factor. 

For time course analysis of EEG alpha asymmetry, three-factor 
(condition*area*group) mixed model multivariate analyses of variance 
(MANOVA) with repeated measures were used to determine the effect of 
conditions on alpha 1 and alpha 2 LI between the two groups in each 
time window. Univariate follow-ups were performed following signifi-
cant multivariate effects. 

For all of the tests, degrees of freedom were corrected by 
Greenhouse-Geisser when appropriate. Further analysis was performed 
if any interaction between factors was found. All analyses were con-
ducted at the 0.05 level of significance. Multiple comparisons were 
corrected by Bonferroni correction. 

2.6.3. CERQ scores 
In order to investigate the score difference of cognitive emotion 

regulation strategies between effective and ineffective group and its 
possible influence on the effectiveness of cognitive reappraisal, the in-
dependent sample t-tests were performed between groups on the scores 
of nine conceptually distinct subscales: self-blame, other-blame, rumi-
nation, catastrophizing, putting into perspective, positive refocusing, 
positive reappraisal, acceptance, and planning. All analyses were con-
ducted at the 0.05 level of significance. Gender differences were also 
examined (independent sample t-test). 

2.6.4. Partial correlation 
When the group effect was found in EEG alpha asymmetry during 

reappraisal, we calculated LI difference between conditions (negative- 
reappraisal minus negative watch), and examined partial correlations 
(Group as control variable) between LI difference and self-reported 
response (valence and arousal respectively), as well as CERQ scores. 
Statistical significance was set at p < 0.05. 

2.7. K-means cluster analysis with LI and CERQ scores 

We intended to conduct k-means cluster analysis [52,53] to classify 
all subjects into two groups. Variables fed into the analysis comprised LI 
data and CERQ scores. LI data which showed significant group differ-
ence unique to negative-reappraisal condition in MANOVA with 
repeated measures, as well as subscale scores of CERQ which showed 
significant effect in independent sample t-test, were selected as clus-
tering variables and Z-transformed for further analysis. The independent 
variables were tested for significant correlations using partial correla-
tion (Group as control variable). Cluster analysis was firstly conducted 
with each variable separately, and then with their combination. In order 
to verify whether LI data and CERQ scores were promising indexes to 
distinguish ineffective group from effective group, classification sensi-
tivity (effective subjects classified as effective), specificity (ineffective 
subjects classified as ineffective) and accuracy (all subjects correctly 
classified) were computed. 

3. Results 

3.1. Grouping results 

Based on self-reported valence and arousal, 13 participants were 
included in the effective group (male/female = 7/6; mean age = 22.84 ±
0.80) and 13 participants were included in the ineffective group (male/ 
female = 7/6; mean age = 23.00 ± 0.71). The mean years of education 
for effective group is 16.69 ± 0.48, and that for ineffective group is 
16.77 ± 0.60, including primary education, junior secondary education, 
senior secondary education, university education and postgraduate ed-
ucation. No statistical difference (independent sample t-test, p > 0.05) 
was found in both groups in terms of demographic characteristics 
including age and education, and of the SAS and SDS scores. In effective 
group, the valence ratings for negative-reappraisal condition were 
significantly higher than that for negative-watch condition (paired 
sample t-test, p < 0.001), and the arousal ratings for negative- 
reappraisal condition were significantly lower than that for negative- 
watch condition (paired sample t-test, p < 0.001). In ineffective 
group, the valence ratings for negative-reappraisal condition were 
significantly higher than that for negative-watch condition (paired 
sample t-test, p = 0.007), while negative-reappraisal did not reduce the 
arousal relative to the negative-watch condition (paired sample t-test, p 
= 0.118). 

3.2. EEG alpha asymmetry results 

3.2.1. The classical analysis results 
We found a significant main effect of Condition (F(2, 48) = 4.513, p =

.016, η2 = .158), indicating that LI was significantly higher in neutral- 
view condition than in negative-watch condition (p = .031). Neither 
the main effect of group nor the interaction effect of Condition*Group was 
found. 

3.2.2. Time course analysis results 
Table 1 shows a summary of the statistical results on LI in the time 

course analysis of EEG alpha asymmetry. 

3.2.2.1. Window 1 (100− 200 ms). Multivariate tests revealed a 

W. Li et al.                                                                                                                                                                                                                                       



Behavioural Brain Research 400 (2021) 113042

5

significant interaction effect of Area*Group (Wilks’ Λ = .765, F(8, 190) 
= 3.412, p = .001). Follow-up univariate tests revealed the interaction 
effect of Area*Group (F(4, 96) = 4.569, p = .013, η2 = .160) for alpha 1 
LI. To follow up on the interaction, the ANOVA with a between factor of 
Group was conducted for each area. This analysis suggested significant 
Group effect in the frontal region (F(1, 24) = 6.379, p = .019, η2 = .210), 
indicating that the LI of effective group was smaller than that of inef-
fective group. 

3.2.2.2. Window 2 (200− 300 ms). Multivariate tests revealed a signif-
icant interaction effect of Condition*Area*Group (Wilks’ Λ = .697, F(16, 
382) = 4.726, p < .001). Follow-up univariate tests revealed the inter-
action effect of Condition*Area*Group (F(8, 192) = 7.161, p < .001, η2 =

.230) for alpha 1 LI. To follow up on the interaction, the ANOVA with a 
between factor of Group and a within factor of Condition was conducted 
for each area. We found the effect on Group in frontal area (F(1, 24) =
5.409, p = .029, η2 = .184), indicating that the LI of effective group was 
smaller than that of ineffective group. We also found an interaction ef-
fect of Condition*Group in temporal area (F(2, 48) = 9.887, p < .001, η2 

= .292). To follow up on the Condition*Group interaction, the indepen-
dent sample t-tests of between-group comparisons were performed for 
each condition. The LI of effective group was greater than that of inef-
fective group in negative-reappraisal task (independent sample t-test, t 
= 3.179, p = .004, Fig. 2), while no group effect was found in negative- 
watch and neutral-view task. 

3.2.2.3. Window 3 (300− 1700 ms). Multivariate tests revealed a sig-
nificant interaction effect of Area*Group (Wilks’ Λ = .816, F(8, 190) =
2.541, p = .012). Follow-up univariate tests revealed the interaction 
effect of Area*Group (F(4, 96) = 3.678, p = 0.037, η2 = .133) for alpha 2 
LI. To follow up on the interaction, the ANOVA with a between factor of 
Group was conducted for each area. This analysis suggested significant 
Group effect in the frontal region (F(1, 24) = 9.379, p = .005, η2 = .281), 
indicating that the LI of effective group was smaller than that of inef-
fective group. 

3.2.2.4. Window 4 (1700− 3100 ms). Multivariate tests revealed a 

significant interaction effect of Condition*Area*Group (Wilks’ Λ = .827, 
F(16, 382) = 2.381, p = .002). Follow-up univariate tests revealed the 
interaction effect of Condition*Area*Group (F(8, 192) = 2.994, p = .017, 
η2 = .111) for alpha 1 LI. To follow up on the interaction, the ANOVA 
with a between factor of Group and a within factor of Condition was 
conducted for each area. We found the effect on Condition (F(2, 48) =
3.831, p = .029, η2 = .138) in frontal area, indicating that the LI in 
negative-reappraisal task was higher than that in negative-watch task (p 
= .047). 

Multivariate tests also revealed a significant interaction effect of 
Area*Group (Wilks’ Λ = .687, F(8, 190) = 4.898, p < .001). Follow-up 
univariate tests revealed the interaction effect of Area*Group (F(4, 96) 
= 5.603, p = .008, η2 = .189) for alpha 2 LI. To follow up on the 
interaction, the ANOVA with a between factor of Group was conducted 
for each area. This analysis suggested significant Group effect in the 
frontal region (F(1, 24) = 8.882, p = .007, η2 = .270), indicating that the 
LI of effective group was smaller than ineffective group. 

3.2.2.5. Window 5 (3100− 4800 ms). Multivariate tests revealed a sig-
nificant interaction effect of Condition*Area*Group (Wilks’ Λ = .794, F 
(16, 382) = 2.911, p < .001). Follow-up univariate tests revealed the 
interaction effect of Condition*Area*Group (F(8, 192) = 2.496, p = .037, 
η2 = .094) for alpha 1 LI. To follow up on the interaction, the ANOVA 
with a between factor of Group and a within factor of Condition was 
conducted for each area. We found the effect on Condition (F(2, 48) =
5.378, p = .008, η2 = .183) in frontal area, indicating that the LI in 
negative-reappraisal task was greater than in negative-watch (p = .013) 
and neutral-view (p = .040) tasks. 

3.3. CERQ results 

The independent sample t-test results showed that, compared with 
effective group, ineffective group got significantly higher scores in the 
subscale rumination (12.38 ± 1.94 vs. 10.92 ± 1.66, p = .050, Fig. 3). No 
significant gender difference in CERQ score was found. 

Table 1 
MANOVA and univariate follow-up effects on LI in the time course analysis of EEG alpha asymmetry.   

Win 1 Win 2 Win 3 Win 4 Win 5  

alp1 alp2 alp1 alp2 alp1 alp2 alp1 alp2 alp1 alp2 

Frontal GE<GI  GE<GI   GE<GI Rea > Neg GE<GI Rea > Neg Rea > Neu  
Temporal   Rea: GE>GI        

Note. GE: Effective Group; GI: Ineffective Group; Neu: Neutral; Neg: Negative; Rea: Reappraisal alp1: alpha 1; alp2: alpha 2. 

Fig. 2. Comparisons of temporal lateral index (LI) between effective and 
ineffective group in window 2 (200-300 ms). The LI was averaged across three 
electrode pairs in temporal region, FT7/8, T3/4, and TP7/8. Error bars repre-
sent the 95 % confidence intervals. (**p = .004). 

Fig. 3. Comparisons of CERQ-rumination score between effective and ineffec-
tive group. Higher score indicates more habitual use of rumination strategy. 
Error bars represent the 95 % confidence intervals. (*p = .050). 
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3.4. Partial correlation results 

We found the Group effect of LI unique to negative-reappraisal con-
dition in temporal area following on the Condition*Area*Group 

interaction in 200− 300 ms (section 3.2.2), so the partial correlation was 
first conducted between temporal LI difference (negative-reappraisal 
minus negative watch) and self-reported response (valence and arousal 
respectively). Temporal LI difference did not significantly correlated 

Fig. 4. Partial correlations between temporal lateral index (LI) difference (negative-reappraisal minus negative-watch) and self-reported arousal (A, B, and C) as well 
as CERQ-rumination scores (D, E, and F). Left column (A, B, and C) shows the partial correlation between the temporal LI changes by reappraisal and self-reported 
arousal, while right column (D, E, and F) shows the partial correlation between the temporal LI changes by reappraisal and CERQ-rumination scores. Upper row (A 
and D) shows the partial correlation in all participants, middle row (B and E) shows the partial correlation in male participants, and lower row (C and F) shows the 
partial correlation in female participants. The Group (effective and ineffective) was chosen as the control variable for all the partial correlation. 
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with self-reported arousal (r = - 0.301, p = 0.144, Fig. 4A). The partial 
correlation was also tested in male and female participants respectively. 
The results revealed that temporal LI difference was negatively corre-
lated with self-reported arousal in male participants (r = - 0.570, p =
0.027, Fig. 4B), but not in female participants (r = 0.417, p = 0.264, 
Fig. 4C). There was no significant correlation between temporal LI dif-
ference and self-reported valence. 

We also found the group effect in the subscale rumination of CERQ 
(section 3.3), the partial correlation was then conducted between tem-
poral LI difference (negative-reappraisal minus negative watch) and 
CERQ-rumination score. Temporal LI difference did not significantly 
correlated with CERQ-rumination score (r = - 0.213, p = 0.306, Fig. 4D). 
The partial correlation was also tested in male and female participants 
respectively. The results revealed that temporal LI difference was 
negatively correlated with CERQ-rumination score in male participants 
(r = - 0.596, p = 0.019, Fig. 4E), but not in female participants (r =
0.294, p = 0.442, Fig. 4F). 

3.5. Cluster analysis results 

Temporal LI in window 2 showed significant group difference unique 
to negative-reappraisal condition. For habitual use of emotion regula-
tion strategy, CERQ-rumination score showed group difference. Conse-
quently, they were adopted as variables for cluster analysis. Partial 
correlation revealed no significant correlation between temporal LI and 
CERQ-rumination score. K-means cluster results were presented in 
Table 2. Temporal LI achieved the classification accuracy of 80.8 %, and 
rumination score achieved the classification accuracy of 69.2 %. The 
combination of temporal LI and rumination score correctly classified 12 
out of 13 subjects in effective group and 10 out of 13 subjects in inef-
fective group, resulting in 92.3 % sensitivity, 76.9 % specificity and 84.6 
% accuracy. The total accuracy was improved by using combined 
method than using temporal LI or rumination score alone. The scatter 
plot of cluster results with the combination of temporal LI and rumi-
nation score was presented in Fig. 5. 

4. Discussion 

EEG alpha asymmetry is examined either at rest as a trait measure 
[11,54–56], or during emotionally evocative tasks as a state measure [8, 
15,57]. The state measure of EEG alpha asymmetry is considered to 
explain more of the variability observed in relevant behavioral out-
comes during emotional challenge than trait measure [46,14]. The 
present study investigated EEG alpha asymmetry as a state measure 
when participants were instructed to reappraise negative pictures. The 
classical analysis showed the emotion condition effect without group 
difference, indicating limited information on whether EEG alpha 
asymmetry is a dynamic process or where in the cognitive processing 
stream it may have effects [26,27], and high lightening the demand for 
time course analysis. The further time course analysis revealed that 
ineffective group has greater difficulty than effective group in reap-
praisal, and both groups made great efforts to reappraise the negative 
stimuli. The cluster analysis showed that LI combined with rumination 
can be used to identify reappraisal effectiveness. 

4.1. No group effect of the classical state measure 

In the classical state measure analysis, only the main effect of con-
dition was found. Our results revealed that participants exhibited 
greater relative right hemisphere activity when being exposed to nega-
tive pictures compared with neutral pictures, indicating avoidance/ 
withdrawal motivation [58–60] and negative affective response [14]. 
No significant difference between neutral-view and negative-reappraisal 
condition was found, suggesting that the negative impact of the negative 
stimuli was relieved when reappraisal strategy being used. Counter to 
our expectations, we found neither the group effect between effective 
group and ineffective group, nor the condition effect between 
negative-watch and negative-reappraisal. We speculate that the classical 
analysis is not suitable to account for the reappraisal effectiveness due to 
its inability to index the time course of neural activity. 

4.2. Greater relative right temporal activity on ineffective group in the 
early stage of reappraisal 

Time course analysis revealed that, in the early stage of reappraisal 
(200− 300 ms after stimulus onset), the ineffective group showed greater 
relative right temporal activity compared with effective group, which 
was unique to negative-reappraisal condition. Previous studies 
confirmed that right parieto-temporal region played a critical role dur-
ing the perception of arousing affective stimuli [61,62], and has been 
linked to a brain network involving the detection of emotional and 
reward saliency [63,64]. In the present study, the region where the group 
effect was found partly overlapped with the right temporoparietal re-
gion. A recent study further validated that, the particular role of the 
right temporoparietal region for detecting affective stimulus signifi-
cance was confined to an early component (N2, about 212 ms) that 
preceded subcomponents of the late positive complex (P3, LPP) [62]. In 
our previous ERP study, it was also found that P200 (peak at 200− 300 
ms) was more positive for negative-watch stimuli compared with both 
negative-reappraisal and neutral stimuli in the ineffective group [24]. In 
this study, the group effect was found in the same time window 
(200− 300 ms), the early stage of reappraisal. 

We deduced that, the greater relative right temporal activity on 
ineffective group reflects higher subjective arousal to negative stimuli in 
the early stage of reappraisal. This deduction was further supported by 
the partial correlation results, showing that reduced relative right tem-
poral activity by reappraisal was negatively correlated with CERQ- 
rumination score and self-reported arousal in male participants. The 
results indicated that males who exhibit more habitual use of rumination 

Table 2 
K-means cluster results with temporal LI and rumination score as Features.  

Features Sensitivity (n =
13) 

Specificity (n =
13) 

Accuracy (n =
26) 

LI 76.9 %(10) 84.6 %(11) 80.8 %(21) 
Rumination score 69.2 %(9) 69.2 %(9) 69.2 %(18) 
LI + Rumination 

score 
92.3 %(12) 76.9 %(10) 84.6 %(22) 

Note. Numbers in parentheses represent the number of correctly classified 
participants. 

Fig. 5. K-means cluster analysis results with Z-transformed temporal LI and 
CERQ-rumination score as input variables. The dotted line linked one sample to 
the centroid indicates that this sample belongs to this cluster. 
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showed less reduced relative right temporal activity by reappraisal, and 
males who reduced less relative right temporal activity by reappraisal 
reported higher arousal, which indicated higher intensity of response 
[38]. This findings supported previous report that individual differences 
in rumination correlated with brain activity during reappraisal [36], and 
provided additional evidence that there were gender differences in the 
effect of reappraisal on arousal of negative affect [65,66]. 

Related research indicated that people prefer to choose distractions 
rather than reappraisal in high-intensity negative situations [67–69]. 
Even during the initial implementation of reappraisal, high intensity 
stimuli resulted in increased switching frequency to distraction [70]. 
Kuo et al. [71] indicated that it is self-reported negative emotional in-
tensity rather than stimulus intensity influences the choice. In our study, 
although the stimuli were the same for both groups, greater relative 
right temporal activity on ineffective group indicated higher arousal, 
and showed that they had more negative feelings to the stimuli in the 
negative-reappraisal task. We therefore inferred that, if the participants 
were instructed to use reappraisal strategy when confronting with high 
intensity stimuli, the effectiveness of the reappraisal would not be 
guaranteed. Although difficult for some people in high-intensity situa-
tions, reappraisal is preferred in low-intensity situations because the 
engagement with emotional information, which is most beneficial for 
long-term adaptation [72]. Our findings suggested the necessity of 
selecting appropriate intensity of stimulus materials for reappraisal 
training and disorder rehabilitating. 

4.3. Greater relative left frontal alpha activity in the late stages of 
reappraisal 

In the late stages (1700− 3100 ms and 3100− 4800 ms after stimulus 
onset), the results indicated greater relative left frontal activity in the 
negative-reappraisal task than in the negative-watch task, both for 
effective and ineffective group. Choi et al. [8] also reported relative 
greater left frontal activity when participants were instructed to use 
reappraisal of negative images than when they normally viewing, and 
suggested that greater relative left frontal activity was related to the 
decreased emotional response. However, in the present study, although 
ineffective group showed greater left frontal activity in 
negative-reappraisal task, the emotional response was not significantly 
reduced according to self-reported valence and arousal. Parvaz et al. 
[15] found increased left frontal activation (decreased alpha power) 
during reappraisal of negative pictures compared to normal viewing, 
and inferred an enhancement of the cognitive control of emotion. So we 
deduced that greater relative left frontal activity in the 
negative-reappraisal task than in the negative-watch task was a reflec-
tion of the recruitment of cognitive and control functions in prefrontal 
regulatory circuitry. In an fMRI study, Johnstone et al. [73] found 
left-lateralized activity in the prefrontal cortex during a cognitive 
reappraisal task in healthy individuals, but not depressed patients. It was 
assumed that, the left-lateralized activity indicated an appropriate or 
efficient engagement of prefrontal regulatory circuitry. According to this 
opinion, our results indicated that both effective and ineffective groups 
recruited the corresponding functions in prefrontal regulatory circuitry 
during the effort of reappraisal. Different from the study of Johnstone 
et al. [73] that compared healthy individuals with depressed patients, 
participants in the present study were all healthy students without 
depression or anxiety syndrome, so the interpretation of increased left 
frontal alpha activity in both groups may be appropriate. The finding of 
increased left frontal alpha activity during cognitive reappraisal vali-
dated the theories of EEG alpha asymmetry in emotion regulation. 

4.4. Identification of reappraisal effectiveness with cluster analysis 

The ineffective group got higher CERQ-rumination score compared 
with effective group. Rumination was a maladaptive emotion regulation 
strategy [74,75], showing unique and specific relations with depression 

symptoms [76]. The group difference we found herein suggested that 
ineffective group were more inclined to use rumination strategy when 
confronted with negative affect, indicating the lower emotion regulation 
capacity. The identification accuracy of cluster analysis with rumination 
score was good. Moreover, temporal LI revealed more significant group 
difference (lower p value) than rumination score, and the effect was 
unique to negative-reappraisal condition. The identification accuracy 
for cluster analysis with temporal LI was better than that with rumina-
tion score. When we combined temporal LI and rumination score, the 
accuracy was promoted to 84.6 %, suggesting that the combination of 
EEG alpha asymmetry and habitual use of emotion regulation strategies 
was promising in addressing the problem of reappraisal effectiveness. 

4.5. Clinical implications and applications 

Reduced capacity to cognitively regulate emotional responses is a 
prominent feature of a broad range of major neuropsychiatric disorders 
[77]. The enhancement of emotion regulation by neurofeedback 
training can target the essence of the patients’ problems [78]. Previous 
studies have indicated that EEG alpha asymmetry neurofeedback is 
useful in reducing the negative affect [79], and is an effective treatment 
for a variety of psychiatric disorders, such as depression and anxiety [80, 
81]. Our findings of greater relative left frontal alpha activity in 
1700− 4800 ms during reappraisal supported the aim of neurofeedback 
protocol in previous studies, which is to increase the frontal alpha 
asymmetry (computed by subtracting left from right) [79,81]. 

It has been demonstrated that emotional intensity influences pre- 
implementation and implementation of reappraisal [72], and reap-
praisal of high-intensity emotion requires greater cognitive resources 
[82]. However, few studies have paid close attention to the influence of 
participants’ subjective emotional intensity in neurofeedback training. 
The current study found greater relative right temporal alpha activity on 
ineffective group than on effective group in 200− 300 ms during reap-
praisal, indicating higher subjective arousal on ineffective group, which 
reflected higher intensity of motivational activation [83]. This finding 
suggested that temporal alpha asymmetry can be used as an individual 
indicator to select neurofeedback tasks of appropriate difficulty in the 
initial training, or to adjust the difficulty of the task as the treatment 
progressed. The difficulty of the task can be manipulated by the stimuli 
materials, such as the images from the IAPS system with varied valence 
and arousal [78,83]. 

Besides, the present study also reported higher rumination score on 
ineffective reappraisal group. It seemed that the habitual use of rumi-
nation strategy was associated with reduced capacity to cognitively 
regulate emotional responses, which is a common impairment across 
major neuropsychiatric disorders. Thus, our findings supported the role 
of rumination as a transdiagnostic mediator of vulnerability and 
outcome in psychopathology [84,85]. Interventions targeting rumina-
tion may enhance the prevention and treatment of emotional disorders. 

5. Conclusions and limitations 

This study investigated the time course of EEG alpha asymmetry 
during the cognitive control process of reappraisal, and accounted for 
the difference of reappraisal effectiveness. In the early stage of reap-
praisal, greater relative right temporal activity in ineffective group 
indicated more negative response, which increased the reappraisal dif-
ficulty and ultimately led to failure. In the late stages, greater relative 
left frontal alpha activity on reappraisal compared with negative-watch, 
indicated the recruitment of cognitive and control functions in pre-
frontal regulatory circuitry. There was significant difference in habitual 
use of rumination between effective and ineffective group, indicating 
more tendency to use rumination when experiencing negative events in 
ineffective group. 

There are some limitations in the present study and new direction 
can be studied in the future. First, future studies are needed to further 
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examine how neural characteristics vary as a function of stimulus in-
tensity. Second, we did not consider individual differences in reappraisal 
inventiveness concerning creativity. Reappraisal Inventiveness Test has 
been used in previous study to assess the reappraisal capability [16,17]. 
We can use this test in the future study in order to account for the 
reappraisal inventiveness difference. At last, future studies are required 
to examine the gender differences. 
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