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Abstract

There is increasing interest in identifying how posttraumatic growth (PTG) impacts

emotional processing following traumatic events (e.g., the COVID-19 pandemic).

Previous research suggests that high PTG levels may lead to enduring changes in

positive emotional processing. Despite this fact, little is known regarding brain

activation and responses to stressful emotional stimuli. The present study utilised

event-related potentials (ERPs) to investigate whether individual differences in

emotional responses toward neutral and negative emotional stimuli related to

COVID-19 are related to self-reported PTG levels. A total of 77 participants were

analysed: 21 in the high PTG group and 56 in the control group. The amplitude of

the N2 was smaller in the high PTG group compared to the control group under

both negative and neutral conditions. When viewing the negative emotion pictures

(vs. neutral pictures), the N2 amplitude significantly decreased for the high PTG

group in the right occipital and frontal-parietal areas, whereas no significant change
was observed among the control group. In the time window Late Positive Potential

(LPP) 600–1000 ms, emotional stimuli and the group interaction were significant.

Viewing negative pictures (vs. neutral pictures) decreased the LPP 600–1000 ms

amplitudes for the control group, mainly originating from the brain's frontal regions.

However, there were no such significant differences for the PTG group. Due to the

limited sample size and cultural differences, the applicability of these results to

other regions or countries needs to be verified. The presented findings suggest that

the impact of PTG during emotional response is reflected in both bottom-up (evi-

denced by the early ERP components) and top-down (evidenced by the later ERP

components) processes. Individuals with high PTG may use a meditation-related
emotional regulation strategy of acceptance at the basic stage and non-
judgement at a later stage.
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1 | INTRODUCTION

The experience of life crises such as pandemics or natural disasters

(e.g., the coronavirus disease 2019, short for the COVID-19
pandemic) may result in posttraumatic stress disorder or other

mental health problems. Nevertheless, traumatic events such as the

COVID-19 pandemic have also led to positive psychological reactions
labelled as posttraumatic growth (PTG; Lau et al., 2021). Given the

role of PTG in psychological functioning and well-being, abundant
studies have focused on the impact and outcomes of PTG, indicating

that it affects a series of psychosocial factors, including its enduring

and quantitative change of emotional regulation, interpersonal re-

lationships, and social functioning (Gil-González et al., 2022; Vloet

et al., 2017; Zhou et al., 2016). This study centred on the impact of

high PTG levels on individuals' emotional responses during the

COVID-19 pandemic by utilising event-related potentials (ERPs) as

indexed by N200 (N2) and Late Positive Potential (LPP) amplitude.

1.1 | The COVID-19 pandemic and posttraumatic
growth (PTG)

The COVID-19 pandemic was an unprecedented global public health
crisis that can be deemed to be a compounding traumatic event

(Kamranvand et al., 2022; Lau et al., 2021; Liu, Ng, et al., 2021).

Research on the adverse sequelae of COVID-19 pandemic trauma

has emerged rapidly during the past years (Lau et al., 2021; Miragall

et al., 2021), and rapid development in our understanding of adverse

outcomes of the COVID-19 pandemic has come from the study of

neural and other biological correlates of these phenomena (Dell’Ac-

qua et al., 2022; Kamranvand et al., 2022; Povero et al., 2022).

Although it is essential to investigate the negative impact of

COVID-19, it is also necessary to examine the protective factors and
positive changes that explain how people coped with the pandemic

and confinement. Moreover, it is useful to analyse whether positive

changes could prevent emotional and mental health problems and

promote growth and resilience in such circumstances (Miragall

et al., 2021). However, only in recent years have positive changes

following trauma been studied systematically, as well as positive

outcomes after the COVID-19 pandemic (Povero et al., 2022). These
positive changes have been labelled posttraumatic growth (PTG),

referring to positive psychological changes from significant traumatic

events (e.g., the COVID-19 pandemic, earthquakes, and car acci-

dents). Personal positive coping strategies, meaningful intimate re-

lationships, an increase in appreciation of life, changes in priorities,

and openness to new possibilities are typical PTG changes (Tedeschi

et al., 1998). When an individual's perceptions of themselves, others,

and the meaning of the crisis are positively reconstructed in the

aftermath of a crisis, successful PTG occurs. This positive growth is

associated with various positive outcomes, such as increased life

satisfaction, decreased distress over time, and better emotional re-

sponses evoked by traumatic events (Gil-González et al., 2022; Vloet
et al., 2017; Zhou et al., 2016).

A traumatic event is an event that causes actual or threatened

harm to oneself or others, challenging an individual's core belief

about themselves, others, and the world (Tedeschi & Calhoun, 2004).

Like a psychological earthquake, the impact of the COVID-19
pandemic could shake one's core beliefs and allow individuals to

rebuild their belief system and make sense of the traumatic event in a

way that fosters posttraumatic growth (PTG) and development. Prior

research has shown that individuals experiencing post-traumatic
growth (PTG) during the COVID-19 pandemic tend to place greater

emphasis on the well-being of significant others and their own

emotions, as well as to adopt healthier coping strategies for dealing

with negative emotions (Petrocchi et al., 2023). Furthermore, they

may better appreciate their daily lives and maintain a positive belief

system (Xie & Kim, 2022). The bulk of research on the COVID-19
pandemic experience and PTG has emphasised the importance of

understanding the mechanisms and antecedents of PTG, including

the association between resources, personality traits, coping strate-

gies, and the barriers to PTG (e.g., Cao et al., 2022; Dell’Acqua

et al., 2022; Kalaitzaki, 2021; Petrocchi et al., 2023; Povero

et al., 2022; Xie & Kim, 2022). For example, a study conducted among

181 adult participants (Mean age = 24 years, mainly Chinese and

Swedish) found that 50% of the participants reported PTG experi-

ences during the COVID-19 pandemic, and their coping strategies

(e.g., emotion-focused coping and social support coping) were posi-

tively correlated with PTG (Xie & Kim, 2022). In addition, a longitu-

dinal study conducted in Switzerland with 4934 adult participants

(Meanage = 57.81 years) found that a sense of control and self-
mastery may account for antecedents of PTG, and the balanced

emotions mediate the relationships between personality traits and

PTG (Petrocchi et al., 2023). However, there has been limited

research on the positive effects of PTG, particularly how it modulates

negative emotions, with a scarcity of studies employing cognitive

neuroscience methodologies, such as ERPs (ERP) and functional

magnetic resonance imaging (Miragall et al., 2021). More evidence is

needed to further clarify the possibilities of positive emotional

regulation and recovery brought by PTG during/after the traumatic

experience of the COVID-19 pandemic.

1.2 | PTG and emotional response

Hence, in order to fill the gap, this study placed a particular focus on

the relationship between COVID-19- related PTG and negative

emotional processing. Specifically, negative emotional processing is

defined as either increasing or decreasing responses that result from

either or both the internal emotional state and the external stimuli

(Rachman, 1980). It is a process by which individuals modify their

negative emotional experiences, expressions, and subsequent physi-

ological responses. Three commonly used emotional strategies are

reappraisal, distraction, and suppression (Gross, 2014; Kira

et al., 2019). Reappraisal is one of the positive strategies of negative

emotion processing that changes the interpretation of an emotionally

evocative stimulus (Gross, 2014). Reappraisal is recognized as a facet
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of coping that is central to trauma recovery and represents a sig-

nificant ability to manage, experience, and express intense negative

feelings associated with traumatic events and thereby cope with

trauma (Orejuela-Dávila et al., 2019).
Several empirical studies have found that PTG can benefit

negative emotional processing (Larsen & Berenbaum, 2015; Liu, Ng,

et al., 2021; Orejuela-Dávila et al., 2019). Researchers argue that

PTG can help traumatised individuals increase positive emotional

regulation, such as reappraisal, and create positive attention bias. For

instance, an experimental study conducted among 109 undergradu-

ate students in the United States who had experienced traumatic

events reported that when recording their emotional response to

negative pictures of varying intensity, an increase in reappraisal

strategies was associated with higher PTG (Orejuela-Dávila
et al., 2019). In addition, a study conducted among 107 adult women

who had experienced traumatic events within the past three years

found that PTG was positively associated with meaning-creating but
not expressive suppression during emotional processing (Larsen &

Berenbaum, 2015). Moreover, an experimental study among 202

injured patients in China indicated that higher PTG levels positively

correlated with attention bias toward positive stimuli but were not

significantly correlated with attention bias toward negative stimuli

(Liu, Ng, et al., 2021).

It is worth noting that several theoretical research proposed that

individuals with higher PTG levels may utilise a particular meditation-
oriented reappraisal strategy of emotional regulation (Haspolat &

Çırakoğlu, 2021; Tedeschi & Blevins, 2015), which could even lead to

enduring and quantitative change (Hanley et al., 2017; Jayawickreme

et al., 2021). In the immediate aftermath of a traumatic event,

intrusive ruminations enter unwittingly into an individual's mind,

causing possible experiences of stress, depression and anxiety. The

set-shifting feature of PTG mind-set may allow individuals to practice

direct engagement with their thoughts and feelings while observing

the higher order functions of awareness and consciousness from a

nonjudgmental perspective. Through positive mediation-oriented
regulation, individuals with high PTG levels learn to modulate reac-

tivity but control their involvement in self-referential processing.
Individuals with high levels of PTG could be more efficient in

implementing attentional resources and modifying automatic activity

in the presence of negative stimulation than distraction or suppres-

sion. In other words, people with high PTG levels seem to foster non-
avoidance of stimuli processing and acceptance without over-
engagement in its regulation. However, empirical evidence

regarding the relationship between high PTG level and emotional

response is scarce.

1.3 | Emotional processing: ERP evidence

Negative emotion processing occurs in different brain processing

stages. ERP has high time resolution and can record the underlying

neural mechanisms of emotional response (Langeslag & Van

Strien, 2010; Liu et al., 2012). The N2 and LPP are the typical ERP

indices of emotional processing that are related to modulations in the

early attentional process (e.g., the relationship between the N2 com-

ponents with selective attention) and the later regulatory processes

(e.g., the relationship between LPP to continuous attention and

emotional regulation; Deng et al., 2019; Liu et al., 2012).

N2 is an essential early component observed at the frontal-
parietal electrodes peaking between 200 and 300 ms after a stim-

ulus presentation, reflecting increased bottom-up selective attention
to emotional stimulus (Kaunhoven & Dorjee, 2020). It is suggested

that N2 indexes an early automatic component related to attention

to emotions and is associated with inhibitory control when perceiving

emotions (Huster et al., 2013). An individual's emotional regulation

level also influences N2 components, but previous empirical evidence

regarding the direction of these results is inconsistent. For example,

some ERP studies found that N2 was decreased in participants after

practicing 10 min of body-mind meditation compared with partici-

pants in control groups (Deng et al., 2019; Fan et al., 2015). However,

some studies reported increased amplitudes of N2 components

among participants with better emotional regulation strategies (e.g.,

meditation, chanters; Gao et al., 2017). In general, ERP N2 compo-

nents can be modulated by personal emotional status.

Late Positive Potential is a broad superior posterior positive

signal that reflects increased and continuous attention to emotional

stimuli. Researchers found that the late LPP time window (e.g., 600–

1000 ms) reflected the deeper processing related to the evaluation of

emotional meaning (Yuan et al., 2015). Therefore, during the late time

window of LPP, the change in potential amplitude changed from the

increase in intentional attention caused by emotion perception to the

intentional redistribution of attention caused by using emotional

regulation strategies (Yang et al., 2021). Regarding the relationship

between LPP and negative emotion regulation, previous studies

indicated increased LPP amplitudes under negative emotional

response conditions compared to neutral stimuli (Yang et al., 2021).

However, some researchers reported significantly decreased elec-

trophysiological activity of LPP when using suppression strategies

regarding negative emotional stimuli (Moser et al., 2006).

Furthermore, evidence from neuropsychological studies suggests

that several regions may be crucial for emotional processing. Spe-

cifically, previous studies on source localization reported that

emotional processing was linked to changes in N2 and LPP at frontal,

posterior-parietal, and occipital regions (Raz et al., 2014; Sobolewski
et al., 2011).

1.4 | The present study

During the past decades, research on PTG has mainly focused on the

correlation with self-report constructs, such as emotion regulation,

personality traits, and social support (Orejuela-Dávila et al., 2019;

Vloet et al., 2017; Zhou et al., 2016). As a result, some researchers

argue that some individuals may not develop positive coping

NG ET AL. - 3 of 10

 15322998, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

i.3488, W
iley O

nline L
ibrary on [29/10/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fsmi.3488&mode=


strategies and growth after trauma, and consider PTG to be an illu-

sory concept (Börner, 2016). Hence, evidence from cognitive

neuroscience-related studies can further alleviate such concerns

about PTG and its impact (Dell’Acqua et al., 2022; Kamranvand

et al., 2022). Despite theoretical argument on high PTG and quanti-

tative change of emotional processing being of great interest, this

topic has received far less attention and associated research is

scarce.

Therefore, the ERP method was used in this study to explore the

relationship between COVID-19 pandemic-related PTG and

emotional response toward negative pictures. Based on previous

research and related theory, we compared early (N2) and late (LPP)

ERP components in adult participants who reported a high level of

PTG with a control group of their counterparts. We hypothesised

that individuals with high PTG would have fewer suppressed re-

sponses and more neutralised or positive attitudes toward negative

pictures than the participants in the control group. Due to the

scarcity of previous evidence, we did not have a clear hypothesis

regarding the N2 and LPP amplitude changes and differences among

high PTG and control groups.

2 | MATERIALS AND METHODS

2.1 | Participants and measures

Participants were recruited through snowballing via social media

(e.g., Facebook, Telegram, WhatsApp) and email lists. Eligible partic-

ipants were Hong Kong Chinese adult residents aged 18 or above.

Participants unable to read traditional Chinese were excluded. Peo-

ple with neurological, psychiatric, or other mental disorders were

also excluded from the research. The consent form approved by the

Human Research Ethics Committee at the University of Hong Kong

was signed by each participant prior to the experiment, and they

were rewarded with $200 HKD (The exchange rate is approximately

1 USD = 7.8 HKD) for taking part in the study. Participants were

asked to complete questionnaires before the experiment to assess

their PTG during the COVID-19 pandemic and were instructed to

answer based on their experience during the pandemic. Specifically,

they were asked to complete the 21-item posttraumatic growth in-

ventory (Ho et al., 2004; Tedeschi & Calhoun, 1996). The response

format used in the scale was a 6-point Likert scale running from

0 (none) to 5 (very much). Responses to the 21 items were averaged

to form the total scores of PTG. The Cronbach alpha was 0.95,

indicating good reliability.

In total, 82 participants were recruited. Data from five partici-

pants were excluded due to either missing questionnaire data or

poor-quality EEG data. The mean PTG score was 53.34, with SD

20.45. We then grouped participants by their PTG scores. Those with

a PTG level above the 3rd quartile (PTG score ≥67) were assigned to
the PTG group, with the remainder assigned to the control group. As

a result, 21 participants were assigned to the high PTG group, and 56

participants were assigned to the control group.

2.2 | Experimental design

The study was conducted in a quiet room at an EEG laboratory.

Participants were seated in a comfortable chair and were instructed

to relax while the EEG cap was placed on their heads. They were then

presented with a series of visual stimuli related to COVID-19, and
their neural responses were recorded.

E-prime (Psychology Software Tools, Inc., USA) was utilised to

display images in the affective task. The COVID-related emotional

pictures, sourced from the Internet using Google search with the

terms “covid,” covid daily life,” ‘covid news,’ “Covid death,” and “Covid

hospital,” fell into two categories: negative and neutral emotional

stimulus. These images were obtained and classified by three senior

researchers through several times' discussions and then reviewed by

two other senior researchers to further validate their classification.

Negative emotional images depicted sad and miserable scenes,

inducing COVID-19 pandemic-related negative emotions, while

neutral emotional images displayed scenes during the COVID-19
pandemic, such as people walking on the street wearing masks, not

eliciting any specific emotion. Participants first viewed a fixation (þ)

that randomly lasted between 1000 and 2000 ms in steps of 200 ms,

followed by a COVID-related emotional picture displayed for

1500 ms. We randomly presented 120 trials of the same type of

image in each condition. The type of images was also chosen

randomly for presentation. The continuous EEG was recorded

throughout the whole experiment.

Next, we then asked participants to evaluate the valence or

arousal of each picture using a Likert scale from one to nine and an

arousal level from 1 to 9. Participants had 20 s to respond (the

average response time was about 7 seconds). They rated the valence

of negative pictures with an average score of 2.62 (SD = 1.43), while

neutral pictures received an average score of 4.87 (SD = 1.09).

Similarly, negative pictures had an average arousal score of 5.70

(SD = 2.32), compared to 2.63 (SD = 1.77) for neutral pictures. Each

participant experienced the evaluation conditions in a random order

(either arousal or valence evaluation), and the entire ERP experiment

lasted approximately 35 min. The overall duration of the experiment,

including the setup of the EEG cap and the administration of ques-

tionnaires, was approximately an hour and a half.

The procedure of each trial is shown in Figure 1, and the ex-

amples of emotional stimulus are shown in Figure 2.

2.3 | EEG data collection and pre-processing

EEG data were recorded using a 128-channel EEG cap and a Net-
station machine with a sampling rate of 1000 Hz. The default

reference was set at the Cz electrode. The recorded data were then

converted from Net-station raw format to EEGLAB readable data for

further processing.

EEG data preprocessing involved the following steps: (1) resam-

pling the data from 1000 to 250 Hz, (2) filtering the data using a 1–

30Hz band-pass filter, (3) manually cleaning noise by scrolling through
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each dataset, (4) interpolating bad channels identified visually with

neighbour channels, and (5) applying independent component analysis

to remove channel noise, muscle, and eye movement components.

2.4 | ERP data analysis

Event-related potential (ERP) data were obtained based on the stim-
ulus onset time using a timewindow of−500 to 1000ms. The ERP data
were then re-referenced based on the average of all channels. Statis-
tical analyses were performed using t-tests and ANOVA to compare

the ERP data between the high PTG and control groups.

The main goal of the ERP analysis was to examine the neural

correlates of psychological responses to the COVID-19 pandemic in

the two groups, the high PTG group and the control group.

The specific ERP components of interest and their corresponding

time windows were determined based on prior literature on emotion

regulation and cognitive processing. These components may include

early components such as N2, reflecting attentional processes, as

well as later components such as LPP600-1000 ms, reflecting

cognitive processing during emotion regulation.

3 | RESULTS

The EEG data revealed significant findings in specific channels and

time windows. At the frontal channel E16 (near the channel Fz of the

standard 10–20 system), within the ERP time window of 600–

1000 ms, a 2 x 2 ANOVA showed a significant group and emotional

stimuli interaction (p = 0.019) (as shown in Figure 3). For the control

group, the negative condition had a significantly lower amplitude

than the neutral condition, t (55) = −2.10, p = 0.040, with mean

amplitudes of 0.85 (0.80) uV for the negative condition and 1.12

(0.10) uV for the neutral condition (as shown in Figure 4). However,

no significant difference was found for the high PTG group (as shown

in Figure 5).

At the right occipital channel E84, within the time window of

200–300 ms, no significant interaction of group and stimuli was

found. Between-group comparisons revealed the control group (4.84
(2.79) uV) had higher amplitude than the high PTG group (3.52 (1.65)

uV) under the negative condition, t (60.66) = −2.54, p = 0.014. The

control group also had higher amplitude (4.97 (2.92) uV) than the

high PTG group (3.76 (1.71) uV) under the neutral condition, t

(61.21) = −2.25, p = 0.028. For the high PTG group, the negative

F I GUR E 1 The procedure of each trial.

F I GUR E 2 Examples of neutral/negative emotional stimulus.

NG ET AL. - 5 of 10
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condition had significantly lower amplitude than the neutral condi-

tion, t (20) = −2.28, p = 0.034, with mean amplitudes of 3.52 (1.65)

uV for the negative condition and 3.76 (1.71) uV for the neutral

condition. No significant difference was found when comparing the

negative condition with the neutral condition in the control group.

At channel E106 located by the frontal-parietal, within the time

window of 200–300 ms, no significant interaction of group and

stimuli was found. For the high PTG group, the negative condition has

significantly lower amplitude than the neutral condition, t (20) = 4.29,

p = 0.00036, with mean amplitudes of −1.62 (1.52) uV for the

negative condition and −1.95 (1.53) uV for the neutral condition. No

significant difference was found for the control group.

4 | DISCUSSION

As indicated earlier, N2 may be related to emotional attention. The

amplitude of N2 was smaller in the PTG group compared to the

control group under both negative and neutral conditions. Our re-

sults indicated that PTG might help participants reduce their primary

intentional attention when facing emotional stimuli, in comparison

with their counterparts in the control group, thereby reducing the

cognitive resources that need to be recruited and reducing cognitive

load at the basic perceptual phase. These results were in line with our

expectations and showed that PTG could effectively help individuals

control the perceptual load required when they face negative emo-

tions, thereby reducing the impact of negative emotions at the early

perceptual phase.

In addition, our ERP study found that relative to neutral emotional

stimuli, N2 amplitudes for negative emotional stimuli were smaller

among the high PTG group, whereas no such significant difference was

found in the control group. It is possible that PTG hampered the pro-

cessing of negative stimuli.Most of the negative stimuli concerned fear

and painful scenarios related to COVID-19, and it seemed that the

participants in the high PTG group appeared less reactive when wit-

nessing other people in stressful situations. Humans tend to use the

self as a reference point to perceive the world and gain information

about other people's emotions. This self-referential projection mech-
anismcan sometimes result in egocentrically biased judgements.When

a person has a positivemeaning-seeking tendency, such as people with
high PTG, their reactions to negative emotions would be moderated.

Accordingly, their less reactive response to negative emotions might

F I GUR E 3 Significant interaction of group and emotional stimuli (negative and neutral). Red dots: channels with significant difference or
interaction (p < 0.05).
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bias their primary perception of these emotions. Hence, people with

high levels of PTG tend to temper or downregulate their perceptions of

negative emotions in the early phase of emotional processing.

In addition, the present study demonstrated no significant

change of electro-cortical activation (as indicated by the LPP) in

response to negative emotional stimuli (compared with neutral

stimuli) among the high PTG group. These results suggest no extra

recruitment of executive processing and cortical resources during the

later stage of emotional processing among individuals with high PTG

levels. As stated in previous literature on LPP and emotional

F I GUR E 4 Negative versus neutral condition for the control group. E16 is a channel located near Fz of the standard 10–20 system.

F I GUR E 5 Negative versus neutral condition for the high PTG group. E16 is a channel located near Fz of the standard 10–20 system.

NG ET AL. - 7 of 10
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response (Yang et al., 2021; Yuan et al., 2015), high PTG may facili-

tate emotional regulation by decreasing initial reactivity to

emotionally complicated stimuli. Therefore, the insignificant change

in response to negative versus neutral stimuli in the high PTG group

indicates their neutralised attitude and peaceful status. This coun-

terbalancing effect on the response to negative stimuli among the

high PTG group was quite prominent. Our findings suggest that the

neutralised attitude towards negative stimuli following a traumatic

event may be a key sign of developing PTG. People with PTG attempt

to process their emotions in a neutral and nonjudgmental way,

allowing them to engage with trauma-related emotions with less

activation (Haspolat & Çırakoğlu, 2021; Tedeschi & Blevins, 2015). In

addition, since the main sources seem to involve frontal cortical re-

gions, it is reasonable to assume that individuals with high PTG can

hamper afferent emotional arousal triggered by negative picture

stimuli.

The present findings indicate that the participants' PTG levels

were crucial in processing negative emotions and acted in different

roles in the early bottom-up and later top-down phases. Combining

the findings of N2 and LPP, we found that PTG can control early

affective arousal to negative emotions (N2 200–300 ms time win-

dows) and maintain a non-judgemental and less-active attitude dur-
ing the latter cognitive evaluation process (LPP 600–1000 ms time

window). This is similar to meditation—acceptance but nonjudge-

ment––a particular strategy of emotional processing (Gao

et al., 2017; Lin et al., 2022; Taylor et al., 2011). Those who have

practiced meditation for a while have learnt to develop the capability

to accept and experience aroused emotion at the fundamental stage

without being overly engaged with it, such as by non-association or

no self-referential thought interference (Lin et al., 2022). Based on

our findings, it is possible that individuals with high PTG use the

meditation-related strategy to regulate their response when viewing
negative stimuli. These interpretations are particularly interesting

because they show some similarities between meditators and in-

dividuals with high levels of PTG. Further studies evaluating the

relationship between meditation, PTG, and emotion processing are

clearly necessary.

Interestingly, in the LPP early time window, the amplitude of

negative emotions among the control group was smaller than that

under the condition of neutral stimuli, indicating that people might

use an effective cognitive regulation strategy in that time window to

save neurological and cognitive resources when facing negative

emotional challenges. The lack of increment of LPP amplitude may be

a function of emotional strategies, such as distraction, suppression, or

avoidance (Kelley et al., 2019). As an emotional processing strategy,

although distraction can decrease people's responses toward

emotional stimuli in the short term, it can be costly in the long term

as it may promote belief disruption and habitual avoidance (Orejuela-
Dávila et al., 2019). Our findings align with previous research in that

the amplitudes of LPP were significantly lower under suppression

regulation strategies than those in no-regulation conditions (Moser

et al., 2006; Yuan et al., 2015). Thus, together with the previous

findings, our results indicate that decreasing emotional response to

negative stimuli in the LPP time window decreases an individual's

cognitive activity of peripheral and central systems.

5 | LIMITATIONS AND FUTURE DIRECTION

Although the current findings add to an understanding of PTG's

impact on emotional response, there are several limitations. First,

East Asian cultures stress social harmony and group connection,

whereas Western cultures emphasise self-fulfilment, personal rights,
and liberty (Markus & Kitayama, 2010). There could be cross-cultural
differences regarding their neural response towards emotional

stimulus within social contexts. For example, some researchers argue

that Chinese participants showed higher neural activity when

viewing social-related emotions than Caucasians (Deng et al., 2022).

Also, in the current study, the high PTG group only consists of 21

participants, which precludes us from drawing robust conclusions due

to the relatively small sample size. Hence, due to the limited sample

size and cultural differences argument, the applicability of current

findings to other regions or countries needs to be further verified.

Second, as noted above, although current research provided several

interpretations of regulation strategies during emotional processing,

more detailed neural evidence of the relationship between PTG and

emotional regulation strategies remains an avenue for future

research and an important topic to explore. Third, the findings were

based on a basic picture-viewing experiment design. Such a short

induction may lead to only temporary state changes. Since PTG

represents a progressive change that involves changes in percep-

tions, feelings, thoughts, and even decision-making, future research

should explore the impact of PTG with a longer duration and

experiment design with a more profound cognitive process (e.g.,

decision-making). Fourth, since the LPP is affected by other factors,

such as positive priming or personal characteristics, a better-
designed experiment is needed to delineate neural evidence-based
pictures of PTG. Fifth, since our findings are based on correlational

data analysis, which fails to draw a causal relation between PTG and

neural emotional response, and thus limits the strength of the

rigorous conclusion. We recommend that future studies utilise

advanced analytic methods to reach causal results (e.g., time-locked
analysis, spatial distribution analysis, and condition comparison).

6 | CONCLUSIONS

The current study illustrates the effects of PTG on emotional response

when viewing different types of emotional picture stimuli. The results

showed that participants with high levels of PTG were less active

during the basic perceptual procedure and showed more neutral atti-

tudes toward negative emotional stimuli during later emotional pro-

cessing. Specifically, in comparison with participants in the control

group, viewing negative stimuli (vs. neutral emotional stimulus)

induced smaller N2 amplitudes. Additionally, when viewing negative

stimuli (vs. neutral emotional stimulus), LPP amplitudes induced non-
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significant change among high PTG groups, whereas LPP amplitudes

were significantly smaller among the control group.Our study enriches

our understanding of PTG and its impact on emotional response and

provides support to the notion that PTG might impact emotional pro-

cessing by using a meditation-related strategy. When confronting

negative emotions, PTG benefits an individual's emotional processing

by controlling perceptions in the early phase and being less active and

more neutralised in the later cognitive regulation phase. A possible

alternative explanation is that individuals with high PTG may use a

meditation-related emotional regulation strategy of acceptance at the
basic stage and non-judgement at a later stage. We call for further

research to validate our findingswith a larger sample size frommultiple

cultural backgrounds by using more rigorous analytic methods and

longitudinal datasets.
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