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We investigated the reappraisal and the time course of negative emotion regulation by performing event-related potential (ERP)
recordings. We found that negative pictures elicited more positive P2 and late positivity potential (LPP) deflections than neutral
pictures. This effect occurred between 150-2000 ms post-stimulus. Compared to the emotion maintaining condition, the emotion
enhancing condition was associated with higher arousal ratings and displayed increased P2 and LPP amplitudes. The decrease
condition was also associated with reduced picture-induced arousal; however, it led to increased P2 and LPP amplitudes. Fur-
thermore, when compared with the maintain condition, both the enhancing and decrease conditions significantly enhanced LPP in
the early stage (350-750 ms). Compared to previous studies using western subjects, the negative emotion LPP effects of the pre-

sent study were shorter in duration and the decrease-emotion condition elicited larger LPPs.
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Emotion regulation refers to the effect of cognitive control
over emotional responses, where people modulate their
emotional states intentionally and consequently change their
emotion process or behavior [1-3]. Many studies have
shown that emotion regulation is of great significance in
promoting memory retrieval [4], decision making [5], social
adjustment [6] and mental health [7,8]. Cognitive
reappraisal, as described by Gross, is the most frequently
studied emotion regulation strategy that involves
modulating emotion through re-construction of emotional
settings or stimulus meaning [7,9—12]. Previous behavioral
studies showed that cognitive reappraisal, as an effective
means of regulation, can weaken feelings and expressions
of negative emotions without raising one’s physiological
arousal level [13]. The cognitive reappraisal method can be
sub-divided into three categories when using pictures for
experiment stimuli: (1) self-focus cognitive reappraisal, (2)
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situation-focus cognitive reappraisal, and (3) reality checking
[14,15]. Researchers have examined the effectiveness of
various strategies of emotion regulation and how emotion
regulation affects cognition, social behavior, and human
well-being [16—19]. In the last decade, many studies have
used functional magnetic resonance imaging (fMRI)
methods to explore the neuronal basis of emotion regulation
for negative emotion. Intriguingly, these studies have
revealed the meaningful impact of cognitive control on
emotion-related neural responses, such as a decreased
amygdala activation [20-25]. Traditionally, the most widely
used experimental paradigm in these fMRI studies has
involved asking subjects to regulate emotion voluntarily,
according to specific instructions [26,27]. In recent years,
some researchers have employed ERP methodology to
explore the time dynamics that occur in emotion regulation
studies [28-32]. For example, Moser and Hajcak examined
the temporal course of different cognitive reappraisal by
using ERP recordings [5]. They found that when subjects
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were instructed to regulate emotion by using a shifting
attention strategy, decrease-regulation (i.e. down-regulation)
decreased the LPP amplitude elicited by emotional pictures
to a level that was similar to LPP amplitudes when
passively viewing neutral pictures. This effect occurred
early, taking place only 250 ms after stimulus onset if the
modulation strategy was not limited. Nevertheless, the
precise time of the decrease effect varied across different
experimental designs. For instance, Moser et al. [3] found
that the cognitive reappraisal effect began 400 ms after
stimulus onset when a trial-by-trial study design was used.
In contrast, when a block design was used, this effect began
only 325 ms after stimulus onset [33]. Meanwhile, the
emotion decrease effect occurred at approximately 200 ms
post-stimulus if the subjects viewed the pictures after
cognitive reappraisal exertion [32]. Conversely, up-
regulation has been shown to increase LPP amplitude [3],
even though some studies have observed a ceiling effect
related to emotional arousal [5,33]. Moser et al. [3]
considered the increase-regulation (i.e., up-regulation)
effect to be mediated by a different mechanism than
decrease-regulation (i.e., suppression), describing it as
occurring only when longer picture presentation duration
and a trial by trial design are used.

Despite the recent growth of interest in this area, there is
still much to be elucidated. For example, although studies
have demonstrated that high-arousal stimuli evoke larger P2
deflections than low-arousal stimuli [33-35], few studies
have examined the effect of P2-related emotion regulation.
Furthermore, the effect of emotion regulation on LPP am-
plitude is inconsistent across studies [3,28,32,36]. One pos-
sible reason for this lack of stability is the differing baseline
conditions used in these studies. For example, some re-
searchers utilized a passive view condition, while others
employed an attending condition [3,28,36]. Under the pas-
sive view condition, subjects were likely to engage in atten-
tion distraction, and therefore, the baseline condition may
involve a lower workload relative to the up-regulation or
down-regulation condition. Moreover, previous studies have
not restricted the cognitive reappraisal strategy, nor have
they reported which strategies subjects use [28-30]. For
instance, an emotion regulation study simply provided sub-
jects an up arrow (“1”) or a down arrow (“ ) and di-
rected subjects to reduce or increase their negative/positive
emotions with their own strategy of choice [37]. Hence, it
remains to be demonstrated if the application and process of
any particular cognitive reappraisal strategy generates emo-
tion regulation and alters emotional responses.

As mentioned above, the central challenge of the present
study is assessing the effect of using a cognitive reappraisal
strategy on emotional response. We must train subjects to
use different regulation strategies and then require them to
only use the cognitive reappraisal strategy. Thus, the first
aim of the present study is examine the temporal character-
istics of brain ERPs to define at which stage each strategy
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influences the processing of a negative stimulus in a com-
mon emotional response task. Another unique aspect of our
experimental design was that we included a maintain emo-
tional response condition to enable us to more intuitively
compare the various regulation conditions: increase-regula-
tion, decrease-regulation, and maintain-regulation. Finally,
considering that numerous studies demonstrated gender
differences in emotional processing or emotion regulation
[27,38-42], only female subjects were included to avoid
such gender-related effects.

1 Materials and methods

1.1 Materials

The stimulus set comprised 70 unpleasant (mean valance =
2.82; mean arousal = 3.08) and 35 neutral, low arousing
color images (mean valence = 5.05; mean arousal = 0.77)
taken mainly from the International Affective Picture Sys-
tem (IAPS). We also took images from the Chinese Affec-
tive Picture System (CAPS) to obtain a sufficient amount of
material. Unpleasant and neutral images differed signifi-
cantly from each other on IAPS normative valence and
arousal ratings. There were 12 negative and 6 neutral pic-
tures used in the emotional regulation training phase, and 10
negative and 5 neutral pictures used in the practice phase.
For formal experiments, 48 negative (38 from IAPS and 10
from CAPS) and 24 neutral pictures (20 from IAPS and 4
from CAPS) were used. Similar to the IAPS, CAPS was
developed based on the dimensions of emotion; therefore,
our results cannot be attributed to the material differences
used in our regulation condition. The negative picture set
included three general categories of images: poor or injured
people, animals, and dirty or disaster-based scenes. The
neutral picture set included images of general landscapes,
people and daily necessities. All pictures were presented on
a 16-inch screen, and the viewing angle was 18.1x14.2°.

1.2 Sample collection

Twenty-one healthy, right-handed, female, Chinese students
(mean age: 21.2; age range: 19-25) took part in this study.
None of these subjects had a history of neurological or psy-
chiatric disorders. Two participants were excluded as a re-
sult of data collection malfunction. Study participation last-
ed approximately 1 h, and participants were paid 40 Yuan/h.

1.3 Experiment procedure

After participants received a general description of the ex-
periment, EEG/EOG sensor electrodes were attached. Par-
ticipants were then seated in front of a computer monitor
(16 inch) approximately 0.5 m away and given detailed task
instructions. Before the formal experiment, subjects com-
pleted training for emotion regulation that emphasized sub-
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jects should use the cognitive reappraisal strategy and NOT
any other working strategy. In each block, participants
first saw a cue word indicating their subsequent task during
the upcoming block. The cue word “MAINTAIN”,
“DECREASE” or “INCREASE” was presented in the cen-
ter of the screen in white font for 4 s, and participants were
instructed to view and respond naturally to the upcoming
picture, decrease their emotional response to the picture or

increase their emotional response to the picture, respectively.

On each trial, a fixation mark (+) was presented for 500 ms
at the beginning and followed by a blank black screen for
400-600 ms. Then, the regulated pictures appeared for 3000
ms, during which time the subject engaged in emotional
regulation. An emotion arousal rating screen was presented
after the offset of the picture for 3500 ms and then followed
by an evaluation response. The interval between the offset
of the evaluation and the following fixation cross was 3000
ms (Figure 1).

In the first block of the task, participants viewed 24 neg-
ative and 24 neutral pictures randomly and were instructed
to simply view the pictures and maintain a natural emotion-
al feeling (hereafter referred as the maintain condition).
This condition was designed to establish a baseline for the
effects of the regulation instructions. The second block was
the DECREASE block, which asked subjects to decrease
their emotional response to 48 negative pictures (hereafter
referred to as the decrease condition). The third block was a
maintain condition containing 24 negative and 24 neutral
pictures. The fourth block was an INCREASE block in
which subjects were asked to enhance their emotional re-

400-600 ms
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sponses to 48 negative pictures (hereafter referred to as the
increase condition). The order of the two emotion modula-
tion blocks (decrease and increase condition) was counter-
balanced across subjects. Instructions for the decrease and
increase conditions were precisely adapted from Moser et al.
[5]. However, instructions for the maintenance condition
asked subjects to focus their attention on the presented pic-
ture and hold onto their emotional response until the stimu-
lus disappeared. Subjects were given a post-experiment
questionnaire after the formal ER procedure to examine the
application and effectiveness of the various modulation
strategies.

1.4 Data collection and analysis

EEG recordings were acquired with the Scan 4.3 software
(NeuroScan. Inc., Herndon, Virginia, USA) and obtained
from 64 scalp locations, including all standard sites of the
International 10/20 system. The EEG was collected with a
sample rate of 500 Hz and a low-pass of 70 Hz. Impedances
for all electrodes were kept below 5 k€, and all activity was
referenced to the right mastoids during the recording. The
data were epoched into four categories (Neutral, Main-
tain-negative, Decrease-negative, Increase-negative) offline,
with a pre-stimulus window of —300 to 3000 ms and
band-pass filtered (Butterworth) between 0.5 and 30 Hz (24
dB/oct). For each ERP average, the average activity in the
—300-0 ms window prior to picture onset served as the
baseline. Trials in which the absolute amplitude of the sig-
nal exceeded 100 pV were excluded. The available trial

3000 ms

0-1-2-3-4-5
No Intolerable
emotion emotion

Figure 1 Sample stimuli and procedure for study and test phase. Subjects were presented with a fixation mark (+) was presented for 500 ms at the begin-
ning and followed by a blank black screen for 400—600 ms. Then, the regulated pictures appeared for 3000 ms, during which time the subject engaged in
emotional regulation. An emotion arousal rating screen was presented after the offset of the picture for 3500 ms and then followed by an evaluation response.
The interval between the offset of the evaluation and the following fixation cross was 3000 ms.
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numbers in these four conditions were not significantly dif-
ferent, F (3,54) = 0.370, P = 0.776. The mean trial numbers
of the four conditions were 46.11, 45.42, 45.37 and 45.74,
respectively.

In the present study, nine electrodes (F3, Fz, F4, C3, Cz,
C4, P3, Pz, P4) were selected to evaluate the ERP compo-
nents for the P2 and LPP. The P2 was quantified from the
eight sites of its baseline-peak amplitude value across the
time window of 150-250 ms. However, the LPP amplitude
was calculated using six different time windows (TWI:
350-750 ms; TW2: 750-1150 ms; TW3: 1150-1550 ms;
TW4: 1550-2000 ms; TWS5: 2000-2500 ms; TW6:
2500-3000 ms) between the baseline and the average activ-
ity in a 500—650 ms window that followed stimulus onset.
The data were statistically evaluated using SPSS (Version
13.0) software, and the Analysis of Variance (ANOVA)
results were corrected using the Greenhouse—Geisser pro-
cedure whenever the sphericity assumption was violated.

2 Results

Questionnaire results showed that probability of success for
19 subjects when using cognitive reappraisal during the
decrease regulation condition was 70% to 100% (M =
86.12%). For the increase regulation condition, the proba-
bility of success ranged from 70% to 98% (M = 86.76%).
Moreover, under the decrease condition, the most frequently
used strategy was “reality checking” (M = 0.45 £ 0.24), the
situation-focus reappraisal method was used less often (M =
0.32 + 0.23), and the self-focus reappraisal method was
used the least (M = 0.19 + 0.16). The usage preferences of
the three reappraisal strategies was significantly different,
F(2,54) = 6.82, P < 0.01. The Bonferroni post-test showed
the frequency of reality checking was significantly higher
than the self-focused reappraisal (MD = 0.26, P < 0.01).
However, in the increase condition, the most frequently
used strategy was the situation-focus reappraisal (M = 0.45 +
0.29), reality checking was next (M = 0.28 + 0.18), and
self-focus reappraisal was used the least (M = 0.23 + 0.21).
The strategy preferences of the three reappraisal methods
were also significantly different, F(2,54) = 4.90, P < 0.05.
Further analysis showed that usage of the situation-focus re-
appraisal was significantly higher than usage of the self-focus
reappraisal (MD = 0.22, P < 0.05). Because we placed strict
limitations on which strategies to use, the probability that sub-
jects used another strategy in addition to these three methods is
extremely low (decrease condition: M = 0.07 + 0.23; increase
condition: M = 0.04 + 0.10), implying we successfully manip-
ulated their usage of the cognitive reappraisal strategy.
Furthermore, the effectiveness ratings of the three reap-
praisal strategies revealed an almost significant main effect
for strategy type in the decrease condition, F' (2,45) = 3.19,
P =0.051. Reality checking was most effective (M = 4.84 +
0.38), while situation-focus reappraisal was the worst (M =
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4.26 + 0.81). Further tests revealed significant differences
between the two (MD = 0.58, P < 0.05). For increase emo-
tion regulation, there were no significant differences found
among the three types of cognitive reappraisal methods.

ANOVA analysis of self-reported emotion ratings re-
peated with four levels showed a significant emotional
arousal difference in four experimental conditions 3000 ms
after picture onset, F (3,16) = 129.49, P < 0.001. The arous-
al rating under these four condition (Neutral: 0.72 + 0.46,
Maintain-negative: 1.55 + 0.96), Negative-decrease (M =
3.06 £ 0.83), and Increase-negative (M = 3.93 + 0.64)] were
significantly different from each other, P < 0.01. More
specifically, the arousal evaluation of the Maintain-
negative condition was significantly higher than the arousal
of the Decrease-negative condition and lower than the In-
crease-negative condition. As shown above, the decreases
and increases in emotion regulation changed the subjective
emotional experience.

Figure 2 shows the grand averaged ERP waveforms at Fz,
Cz and Pz Grand average waveform showed the largest P2
was over the posterior sites (P3, Pz, P4. M =7.6 £ 1.1 pV)
with smallest amplitude over frontal sites (M = 2.8+1. 5 uV).
LPP appeared from 320 ms and lasted approximately 2000
ms after pictures onset, while the LPP lasted until the pic-
ture disappeared under the increase condition.

To explore the emotional effect in the maintain condition,
a 2 maintain (Maintain-negative, Neutral)x 9 electrode (F3,
Fz, F4, C3, Cz, C4, P3, Pz, P4) repeated measurement
ANOVA on the P2 amplitude revealed a significant main
effect for the emotion type, F (1,18) = 16.64, P < 0.001,
;1,,2=0.48, indicated by a P2 value for the Maintain-negative
condition (M = 4.7 uV) that is more positive than the Neu-
tral condition (M = 2.9 pnV). The emotional effect under the
maintain condition was also observed in LPP amplitude
values for TW1 (F (1,18) =9.34, P < 0.01, ;7,,2= 0.34), TW2
(F(1,18) = 98.13, P < 0.0001, npzz 0.85), TW3 (F(1,18) =
38.32, P < 0.0001, np2= 0.68), TW4: (F(1,18) = 18.66, P <
0.001, 171,2 = 0.51). These results reveal that Maintain-
negative condition elicited a significantly more positive
LPP than the Neutral condition did from 350-2000 ms.

As Figure 2 and Table 1 show, there is a consistent trend
under the three negative picture conditions for increase-
regulation to elicit the most positive LPP amplitude, where-
as the Maintain-negative condition evoked minimal LPP
amplitude.

A repeated measurement ANOVA of P2 for the 3 regula-
tion conditions (Maintain-negative; Decrease-negative; In-
crease-Negative) x 9 electrode (F3, Fz, F4, C3, Cz, C4, P3,
Pz, P4) showed the main effect of the regulation condition
(F (2,17) = 5.02, P < 0.05, 17,2, = 0.22), indicating the In-
crease-negative condition (M = 5.9 + 1.2 pV) evoked a
more positive P2 than the Maintain-negative condition (M =
4.7+ 1.3 V), P < 0.05. However, the difference between
the Maintain-negative condition and the Decrease-negative
condition did not reach statistical significance, P = 0.77. A
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Figure 2 Grand average ERPs elicited by 4 conditions. Data were depicted at 3 representative scalp electrodes: Fz, Cz, Pz. Amplitudes were displayed
in pV.

Table 1 Mean (SD) P2 and LPP magnitudes (in Microvolts) for 4 conditions

Neutral Maintain-negative Decrease-negative Increase-negative
P2 2.92(1.22) 4.71(1.25) 5.78(1.34) 5.92(1.22)
LPP(350—750 ms) 0.14(0.88) 5.86(1.10) 7.36(1.26) 7.47(1.00)
LPP(750—1150 ms) 1.47(0.94) 6.43(0.81) 7.71(1.18) 7.80(0.82)
LPP(1150—1550 ms) 1.30(0.99) 4.71(0.86) 5.88(1.20) 6.15(0.78)
LPP(1550—2000 ms) 0.10(0.95) 2.64(0.85) 4.32(1.33) 5.12(0.76)
LPP(2000—2500 ms) —0.98(0.92) 0.42(1.00) 2.10(1.45) 3.21(0.84)

LPP(2500—3000 ms) -1.98(0.99) —0.95(1.03) 0.20(1.55) 1.36(0.83)
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significant main effect of the electrode, F (8,11) = 14.02, P
< 0.001, 77,,2 = 0.44, showed that the P2 at F3, F4, Fz and C3
was smaller than the P2 for Cz, P3, P4 and Pz.

For LPP amplitude occurring at 350-3000 ms, the re-
peated measurement ANOVA for 3 regulation conditions
(Maintain-negative, Decrease-negative and Increase-nega-
tive) x 9 electrode (F3, Fz, F4, C3, Cz, C4, P3, Pz, P4) only
showed a significant effect of the regulation condition for
T™WI1, F(2,17) =591, P < 0.01, ;7,,2= 0.25. Further analysis
revealed that the Maintain-negative condition (M = 5.9 +
1.1 pV), elicited significantly smaller LPP amplitude than
the increase (M = 7.5 = 1.0 uV) and decrease conditions (M
= 7.4 = 1.3 pV). The significant interaction of condition X
electrode in some LPP time windows indicates that the in-
crease-regulation condition evoked more positive potentials
than maintain condition from P2 to LPP (TW1 to TW6) in
most electrodes, while the difference between the decrease
regulation condition and the maintain condition was signif-
icant only for the P2(C3, C4) and LPP in TW1 (F3, Fz, F4,
C3,Cz, C4).

3 Discussion

In this study, we examined the effects of instructing subjects
to intentionally modulate their emotional responses to elec-
trophysiological activity elicited by viewing nega-
tive-valence emotion pictures. Our behavioral results and
the regulation strategies used partially replicate the findings
of previous studies. One notable difference was most of our
subjects reported using reality checking in a nega-
tive-decrease task, while previous research using western
subjects showed the dominance of the self-focus strategy
[33]. Many studies show that culture shapes our
self-concept, and this difference may be partially attributed
to the self-structure differences between western and eastern
individuals [43—48]. As the literature highlights, the western
self is independent, while the eastern self is interdependent;
eastern individuals may focus on relationships with others
and have a higher sensitivity to context [49,50]. Therefore,
it is possible that eastern culture influences subjects’ reap-
praisal strategy preferences, leading these subjects to utilize
the self-focused strategy the least in both the increase and
decrease regulation conditions, in contrast to previous west-
ern subjects’ preference for a self-focus strategy.

We observed significant ERP differences between the
Maintain-Negative and Neutral conditions. Specifically, the
Maintain-Negative condition elicited a larger P2 and LPP
than the Neutral condition. In contrast to prior reports
showing that emotion effects continued until the stimuli
disappeared, we observed an emotion effect from 150 ms to
2000 ms after the pictures were presented [3]. The negative
stimulus did evoke a trend toward a more positive LPP
2000-3000 ms after stimulus onset, but the difference did
not reach statistical significance. To some extent, our results
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are consistent with a recent ERP study showing an emo-
tional modulation of the LPP and an emotion effect lasting
up to 6 s in Chinese subjects [51].

Consistent with previous studies [3,26,52], we found that
the Increase-Negative condition was associated with more
enhanced positive potential than the Maintain-negative con-
dition, and this difference started 150 ms (i.e., P2) after
stimulus onset. These ERP differences indicate a regulation
effect and can be interpreted as an increase in attention and
arousal processes due to more negative emotions [53,54].
Previous studies demonstrate that the attention effect related
to negativity bias was associated with P2 (or P200) [53,55],
and this could explain the enhanced P2 in the In-
crease-negative condition. Additionally, studies on emo-
tional picture processing have suggested that LPPs are
higher with high arousal affective pictures than with less
affectively intense pictures [56,57]. Intriguingly, we ob-
served two peaks at 350-750 ms and 2000-2500 ms
post-stimulus onset, which contrasts with prior research
suggesting the emotion regulation effect, is stable through-
out the LPPs. However, larger individual differences may
account for this unstable effect.

Our findings in the Decrease-negative trials differed from
previous research. Rather than observing a decrease in LPP
amplitude, we found a slight increase. Interestingly, we
found that the regulation effect of decrease instructions only
occurs 350-700 ms after stimulus onset (LPP), over the
frontal and central electrodes, with Decrease-negative trials
eliciting more positive LPPs than Maintain-negative trials.
This result may reflect a suppression effect on early LPP
(P300).

There are several possible reasons why the electrophysi-
ological response did not differ significantly between the
decreases and maintain trials beyond the 350-750 ms time
window in our study. First, it is possible that the unrestrict-
ed cognitive reappraisal strategy increased variance (indi-
vidual differences) in the context of the current study. In-
deed, the standard deviations of the LPP segments in the
decrease condition were larger than those in the other con-
ditions. Furthermore, the reappraisal strategy preference
difference between Chinese and western subjects may also
produce different LPP patterns. Most of our subjects re-
ported using a reality-checking strategy in the De-
crease-negative condition, while western subjects previous-
ly reported using a self-focused strategy. Additionally, em-
ploying the Maintain-negative as a baseline condition re-
quires subjects to intentionally sustain each emotional re-
sponse until stimulus offset, which is intended to make the
cognitive control component among the decrease, increase,
and maintain conditions similar. Moreover, motivation may
play an important role because the Decrease-negative con-
dition may be more difficult for Chinese individuals and
thereby require more attention resources and motivation,
which would correlate with increased LPP amplitude
[2,58].
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The variations in the increase-regulation effect over time
that we observed during the 3 s stimulus viewing period, as
well as the presence of the decrease-regulation effect on
LPP being limited to the 350-750 ms post-stimulus onset
period, suggests that there is an important task effect in the
350-750 ms time window. Given that studies have shown
that LPP amplitude increases under the additional task de-
mand of looking at pictures [36,59], we would expect the
addition of an emotional regulation task to increase LPP
amplitude regardless of the direction of the regulation.
Moreover, the baseline maintain condition may involve a
greater workload than a passive view condition, and this
should minimize the workload difference between the
maintain and regulation conditions. Furthermore, consider-
ing the induced emotion may affect the followed negative
emotion processing [60], the negative-maintain condition
may partly affected by the prior emotion regulation block.

Finally, it is worth note that the decrease-regulation and
increase-regulation conditions differed in both time course
and electrode distribution of effects. These differences may
promote our understanding of these two emotion regulation
mechanisms. Our observation of the decrease-regulation
effect predominantly at the frontal-central electrodes (espe-
cially 350-750 ms) is consistent with prefrontal cortex ac-
tivity inhibiting the limbic system responses [11]. Mean-
while, the presence of the increase regulation effect pre-
dominantly at the fronto-central and posterior electrodes is
consistent with the prefrontal lobe promoting limbic system
activity.
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