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Emotion regulation is essential for healthy living. Previous studies have 

found that mental training such as compassion meditation could help 

with emotion regulation. However, the underlying neural mechanism 

and possible intervention strategies of group-based Mahayana Buddhist 

intervention involved in emotion regulation are still unclear. This event-

related potential (ERP) study investigated how compassion and wisdom 

meditations, two key components of the Awareness Training Program (ATP), 

may regulate emotion during different mental processing stages, namely 

attention deployment, cognitive change, and response modification. Eighty-

five middle-aged working adults with moderate stress were voluntarily 

recruited for this study, using a 128-channel electroencephalogram 

system. After 7 weeks of training, participants (ATP attendance, n  = 42; 

waitlist control, n  = 43) were instructed to view negative pictures while 

practicing compassion or wisdom meditation, with corresponding priming 

words. Another normal priming condition and a neutral picture condition 

were set as control conditions. ERP results in the ATP group showed that 

negative pictures induced greater prefrontal activity (N400 component) in 

both compassion and wisdom meditation conditions compared with the 

normal condition, while the control group showed little difference between 

the conditions. Significantly higher heart rate variability was found in the 

compassion but not wisdom meditation when compared with the neutral 

priming condition. Correspondent changes in behavioural data were also 

found. Converging evidence showed that compassion meditation training 

could modulate negative emotion processing in stages of attention 

deployment, cognitive change, and behavioural responses. The prefrontal 

lobe could play an important role in the process of emotion regulation 

by compassion meditation, possibly due to the emphasis of the ATP on 

contemplative practices.

KEYWORDS

emotion regulation, event-related potential, Awareness Training Program, 
compassion and wisdom meditation, stress, heart rate variability

TYPE Original Research
PUBLISHED 22 July 2022
DOI 10.3389/fpsyg.2022.891656

OPEN ACCESS

EDITED BY

Zhen Yuan,  
University of Macau,  
China

REVIEWED BY

Pasin Israsena,  
National Electronics and Computer 
Technology Center, Thailand
Philippe R. Goldin,  
University of California,  
Davis, United States

*CORRESPONDENCE

Bonnie Wai Yan Wu  
bonniewu@hku.hk;  
Hin Hung Sik  
hinhung@hku.hk

SPECIALTY SECTION

This article was submitted to  
Health Psychology,  
a section of the journal  
Frontiers in Psychology

RECEIVED 08 March 2022
ACCEPTED 05 July 2022
PUBLISHED 22 July 2022

CITATION

Gao J, Leung HK, Fan J, Wu BWY and 
Sik HH (2022) The neurophysiology of the 
intervention strategies of Awareness 
Training Program on emotion regulation.
Front. Psychol. 13:891656.
doi: 10.3389/fpsyg.2022.891656

COPYRIGHT

© 2022 Gao, Leung, Fan, Wu and Sik. This is 
an open-access article distributed under 
the terms of the Creative Commons 
Attribution License (CC BY). The use, 
distribution or reproduction in other 
forums is permitted, provided the original 
author(s) and the copyright owner(s) are 
credited and that the original publication in 
this journal is cited, in accordance with 
accepted academic practice. No use, 
distribution or reproduction is permitted 
which does not comply with these terms.

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fpsyg.2022.891656﻿&domain=pdf&date_stamp=2022-07-22
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.891656/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.891656/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.891656/full
https://www.frontiersin.org/articles/10.3389/fpsyg.2022.891656/full
https://www.frontiersin.org/journals/psychology#editorial-board
https://www.frontiersin.org/journals/psychology#editorial-board
https://doi.org/10.3389/fpsyg.2022.891656
mailto:bonniewu@hku.hk
mailto:hinhung@hku.hk
https://doi.org/10.3389/fpsyg.2022.891656
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


Gao et al. 10.3389/fpsyg.2022.891656

Frontiers in Psychology 02 frontiersin.org

Introduction

Emotion regulation is an adaptive function essential for a 
healthy working and living. For evolutionary purposes, the human 
brain is more responsive to negative events than to neutral or 
pleasant events. However, this tendency could lead to negative 
bias, delusive rumination, and even affective disorders (Rozin and 
Royzman, 2001; Hilgard et  al., 2014). Given the stressful 
environment associated with contemporary life, it is necessary to 
explore practical methods of emotion regulation and, more 
importantly, to understand the working mechanism and how 
these methods modulate emotion in different stages of affective 
information processing.

Affective information is sequentially processed by different 
brain regions. Correspondingly, emotion can be regulated in one 
or more stages to modulate/intercept affective information 
processing flow, resulting in various intervention strategies. 
According to the Gross process model, one can modulate emotion 
at different stages. Externally, the process of situation selection and 
modification can be employed. Internally, after having engaged 
with the situation, the individual can regulate their emotions via 
attention deployment, cognitive change, and modulation of 
response expression (Gross, 2002; Goldenberg et al., 2016).

Mindfulness training has become popular and has broad 
applications. Numerous studies have demonstrated that 
mindfulness meditation helps with emotion regulation in various 
populations, including patients with post-traumatic stress 
disorder, attention deficit hyperactivity disorder (ADHD), 
depression, or psychopathy (Freudenthaler et al., 2017; Mitchell 
et al., 2017; Tang, 2018; Reffi et al., 2019). A mindfulness-based 
stress reduction (MBSR) programme emphasizes being 
non-judgmental and stopping to pay attention to the ongoing 
emotional information (Catak and Ogel, 2010; Murakami et al., 
2015). Thus, it may regulate the emotion in the stage of attention 
deployment, according to Gross’s process model of emotion 
regulation (Gross, 2002; Goldenberg et al., 2016). Nevertheless, 
other intervention strategies can also be quite effective in emotion 
regulation. For example, cognitive reappraisal can be used in the 
cognitive change stage (Zilverstand et  al., 2017; Dryman and 
Heimberg, 2018). Previous research has shown that cognitive 
change may be more effective for emotion regulation than other 
strategies like distraction and suppression (Thiruchselvam et al., 
2011; Grezellschak et al., 2015). In addition, research has revealed 
that promoting awareness, understanding, and acceptance are 
adaptive strategies of emotion regulation, while avoidance and 
control of emotion are maladaptive strategies (Aldao, 2013; Tull 
et al., 2020).

Mindfulness meditation is currently the most popular means 
of mental training. Nevertheless, other mental training exists in 
meditation traditions and may also be effective in terms of helping 
people to regulate and cope with emotional disturbance and stress 
(Lopez and Pellegrini, 2011; Desbordes et al., 2015; Gao et al., 
2017; Bayot et  al., 2020). From a Buddhist point of view, 
meditation generally can promote concentration, mental clarity 

and awareness and, subsequently, tranquilize emotional 
turbulence. The practice of meditation has two parts: tranquillity 
(śamatha) and observation (vipaśyanā). When practiced in-depth 
concurrently, these two can lead to the attainment of ultimate 
enlightenment (John, 2000).

We thus designed the Awareness Training Program (ATP)  
to enhance negative emotion regulation by incorporating 
compassion and wisdom training. It is assumed that the 
development of compassion and wisdom of non-attachment as 
taught by Mahayana Buddhism could induce positive cognitive 
changes through better understanding and reappraisal of negative 
events. The ATP incorporated three pedagogical steps: learning, 
contemplation, and practice of developing wisdom as taught in the 
Sandhinirmochana Sūtra, the classic and most important text on 
meditation methods in the Yogācāra school of Mahayana 
Buddhism (John, 2000). The ATP is a group-based intervention 
that could efficiently enhance participants’ emotion regulation and 
stress management. More details on the theoretical foundation, 
the experimental design, and the practice of the ATP can be found 
in a previous behavioural study (Wu et al., 2019).

In the current study, we examined the neural mechanism of 
emotion regulation induced by the ATP, especially its two key 
components: compassion and wisdom training. Usually, the 
affective process involves a responsive process induced by external 
or internal stimuli in a bottom-up manner (Anderson et al., 2003). 
In contrast, the ATP intervention may modulate emotional 
information processing in a top-down manner (Challis and 
Berton, 2015). Bottom-up generation of emotion is more related 
to amygdala and adjacent limbic structures, while top-down 
regulations come more from dorsolateral PFC and anterior 
cingulate cortex (ACC). The brain regions for bottom-up and 
top-down processing are dissociable (Stenson et al., 2021), while 
the connectivity between these neocortical and limbic areas 
increases during emotion regulation. Additionally, ventral medial 
PFC can release 5-HT in the forebrain and enhance dorsal raphe 
nucleus to release 5-HT and subsequently restore emotion balance 
(Veerakumar et  al., 2014; Challis and Berton, 2015). The 
compassion and wisdom meditations taught in the ATP required 
cognitive contemplation to enhance emotion regulation, therefore 
we assumed that the prefrontal cortex (PFC) may play an essential 
role in the mental contemplation during the ATP practices.

A majority of neuroimaging studies have investigated the 
neural mechanism of mindfulness in stress reduction. A 
functional magnetic resonance imaging (fMRI) study has 
reported that when participants anticipated depressing pictures, 
a mindfulness intervention could increase prefrontal activity 
and downregulate the activity of the amygdala, which is 
involved in emotional processing (Lutz et al., 2014). Another 
event-related potential (ERP) study has indicated that 
dispositional mindfulness can attenuate the neural response to 
both highly unpleasant and erotic images (Brown et al., 2013). 
Other studies have also suggested that mindfulness helps to 
modulate emotion-related brain networks (Allen et al., 2012). 
A previous electroencephalographic (EEG) study on 

https://doi.org/10.3389/fpsyg.2022.891656
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org


Gao et al. 10.3389/fpsyg.2022.891656

Frontiers in Psychology 03 frontiersin.org

mindfulness training has revealed that this approach is effective 
in decreasing the irregularity of electrical brain activity, as 
indicated by entropy, possibly because of the sense of calm and 
peacefulness that is produced during mindfulness breathing 
(Gao et al., 2016).

Few studies, however, have explored the neural mechanism 
of compassion meditation training and its mechanism on 
emotion regulation (Kim et al., 2009; Engstrom and Soderfeldt, 
2010). Compassion meditation engages specific patterns of 
neural activation, including the anterior cingulate cortex, 
insula, and PFC (Lutz et al., 2008, 2009). The results of an fMRI 
meta-analysis of compassion did not demonstrate consistent 
results, probably due to a small number of studies on 
compassion, empathy or loving-kindness meditation (Kim 
et  al., 2020). There is also a lack of understanding on the 
strategies used for emotion regulation. The literature review 
likewise did not yield any neuroscientific research on the 
wisdom of non-attachment meditation. Given the excellent 
temporal resolution of ERPs, it could be  used to investigate 
emotion regulation in different stages and the related temporal 
dynamics (Thiruchselvam et al., 2011; Koval et al., 2015). A 
previous ERP study on emotion regulation has found that 
manipulation of attention deployment takes place earlier than 
manipulation of cognitive change (Thiruchselvam et al., 2011). 
The location of the ERP component can also provide spatial 
information regarding the brain areas involved in various stages 
of emotion regulation. Furthermore, through the application of 
head models and the conversion of surface signals, ERP source 
analysis can further localize the related electrical activity in the 
brain (Heidlmayr et al., 2015; Gao et al., 2017). In a previous 
ERP study on religious chanting, brain responses to frightening 
images, in terms of late-positive potential, largely disappeared 
while chanting the name of Amitabha Buddha, a prevalent 
spiritual practice in East Asia (Gao et al., 2017). However, the 
change only happened in the late stage but not in the early stage 
of negative emotion information processing.

We hypothesized that the ATP intervention could improve 
an individual’s emotion regulation ability, and the PFC would 
be  involved in these modulations of affective information 
processing (Ochsner et al., 2004), probably during the cognitive 
change stage of emotion regulation. As a result of these 
modulations, we  also hypothesized that as compared to the 
control group, the ATP group would show an improved 
resilience to stress and corresponding physiological and 
behavioural changes.

Materials and methods

Design of the intervention and data 
collection

In the current ERP study, 85 participants (ATP, n = 42; 
waitlist control, n = 43) were recruited from the previous 

randomized clinical trial (RCT) on the ATP; that is,  
these participants took part in the previous RCT study on the 
ATP and the current ERP study on the ATP (Wu et al., 2019). 
The mean age was 45.00 ± 8.00 and 46.67 ± 7.80 years old  
for the ATP and control groups, respectively. The two groups 
had no difference in mean age, gender, education level,  
marital status, and religious beliefs (see Supplementary  
Table S2). The experiment flow can be found in Supplementary  
Figure S1.

EEG data were collected from the ATP group after they 
completed the 7-week ATP course, and the data from the waitlist 
control group were obtained at a similar point in time. The 
experiment was conducted in a quiet room at an EEG laboratory. 
The EEG data were recorded using a 128-channel EGI™ 
machine (Electrical Geodesics, Inc. United  States), with the 
impedance set below 30 kΩ. A LabChart™ system (PowerLab, 
ADInstrument Inc., Australia) was used to record other 
physiological data, including the ECG, pulse, and galvanic skin 
response (GSR), following the standard procedure.1 The ECG 
electrodes were placed using a limb lead. Pulse was measured at 
the left thumb, and GSR was measured on the left middle and 
index fingers.

The ERP experiment was designed to examine the effect of 
compassion/wisdom meditation on negative emotion regulation, 
respectively. It had four conditions: (1) a compassion condition 
(COMP, watching negative pictures with priming of a compassion 
cue); (2) a wisdom condition (WISD, watching negative pictures 
with priming of a wisdom cue); (3) a neutral condition (NEUT, 
watching negative pictures with priming of a neutral cue); and (4) 
a normal control condition (NORM, watching neutral pictures 
with priming of a neutral cue). This design followed the design of 
a previous emotion regulation study (Thiruchselvam et al., 2011), 
which had three regulating conditions for negative pictures and 
one additional normal condition as a baseline. Because emotions 
usually arise and last for a relatively long time (Hilgard et al., 
2014), a block design was used. Each condition had one block and 
lasted for approximately 4 min. The sequence of the four 
conditions was randomized for different participants to avoid 
sequential effects.

E-prime (Psychology Software Tools, Inc., United States) 
was used to display the pictures in the affective regulation task. 
The pictures were partly selected from the International 
Affective Picture System (IAPS), with additional valence-
matched pictures from the Internet included. The negative 
pictures showed sad and miserable scenes of people, so as to 
easily induce negative emotion. At the beginning of the process 
for each condition, a brief passage regarding compassion, 
wisdom, or neutral instruction was presented for participants 
to contemplate. Thereafter, the participants were first shown a 
fixation (+), followed by a miserable picture that was displayed 
for 2,000 ms, followed by a phrase related to the earlier teaching 

1 www.adinstruments.com/support/manuals
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to serve as a priming reminder. The inter-stimulus interval 
(3,400 ms) was chosen based on a previous paper on emotion 
regulation (Gao et al., 2017). Sixty trials of the same type of 
pictures were displayed consecutively in each condition, 
followed by three questions on how the participants felt (see 
details below). These questions needed to be answered within 
20 s (the average answer time was about 7 s). Each participant 
went through all four conditions in random order (see 
Figure  1). The entire ERP experiment lasted approximately  
30 min.

The behavioural, EEG, and physiological data were analysed 
offline with SPSS, MATLAB, EEGLAB, heart rate variability 
(HRV) analysis software (HRVAS), and statistical parametric 
mapping (SPM). The data from the three types of measurements 
were analysed separately.

ERP data analysis

The ERP data were analysed by using EEGLAB, a toolbox 
based on MATLAB. The data were first pre-processed before 
final statistical comparisons were made to test our hypothesis. 
For pre-processing, EEG data were first resampled from 1,000 
to 250 Hz; then, they were filtered by using a 30-Hz low-pass 
filter. EEG artefacts were removed by visually inspecting and 
deleting the EEG segment and channel data affected by 
apparently poor scalp-surface contact or excessive noise. Bad 

channels were reconstructed by using spherical interpolation. 
The independent component analysis method first generated 
the component data (IC), and around 10 to 20 ICs of eye 
blinks, bad channel, and muscle artefacts were discarded. 
Then, the event-related epochs were extracted and visually 
checked again for data quality. Finally, ERP data were 
generated by averaging the same types of epochs. The ERP map 
was re-referenced to a virtual reference with averaging of the 
potentials recorded at the left and right mastoids before 
statistical analysis.

The ERPs of the pictures were processed for each condition. 
The effect of compassion meditation and wisdom meditation was 
obtained by deducting the ERP of the neutral condition from the 
ERP of the compassion condition and wisdom meditation 
condition, respectively. These ERP data were then entered in the 
second-level analysis on group difference. ERP components 
within specific time windows were chosen for different stages of 
emotion regulation. P1/N170 and P2 components were assumed 
as early information processing in the attention deployment stage 
(Meaux et al., 2014), and N400 was identified as the later cognitive 
stage of emotion regulation, together with other time windows 
and components according to the ERP response and the literature 
(Herzmann et al., 2010; Kutas and Federmeier, 2011; Onitsuka 
et al., 2013; Nie and Yu, 2021). Independent t-tests were carried 
out to compare the differences between the groups in the 
compassion meditation condition and then in wisdom meditation 
condition, respectively.

FIGURE 1

Design and timeline in the wisdom-compassion event-related potential experiment.
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ERP source analysis

Source analysis was implemented with a toolbox named 
SPM12,2 based on the MATLAB platform (MathWorks Inc., 
United States). The procedures were as follows: (1) EEGLAB 
data were converted to the SPM12-readable format; (2) the 
EEG sensor positions were linked to the coordinate system of 
MRI (MNI coordinates), which is a process known as 
co-registration; (3) using the Greedy search-based algorithm, 
an inverse reconstruction of the scalp electrode signals  
into the three-dimensional (3D) brain source signals was 
carried out; and (4) a factorial design was used to investigate 
the main effects and the group × condition interaction.  
Please refer to our previous work for more details (Gao 
et al., 2017).

Physiological data analysis

Data analysis of ECG, breath intervals, and GSR was 
performed for each participant and each condition using 
LABchart and MATLAB. Raw ECG data were cleaned via a 
Butterworth bandpass filter. The inter-beat interval was 
extracted following the replacement of outliers – three 
standard deviations away from the mean – via spline 
interpolation. Using the HRVAS toolbox,3 we detrended the 
inter-beat interval data and computed the time domain 
features of the HRV. The derived HRV metrics, specifically the 
root mean square of the successive differences (RMSSD), were 
subjected to statistical testing using SPSS 24.0. Finally, mixed 
ANOVA and post hoc tests were utilized to assess differences 
between groups, conditions, and their interaction. The alpha 
level of significance was set at 0.05.

Behavioural data analysis

Demographic features (age, gender) of the participants and 
subjective behavioural responses after the picture viewing at 
the end of each block were analysed via analysis of variance 
(ANOVA) with SPSS. The subjective behavioural responses 
measured how the participants felt after viewing the pictures 
from the current block via three consecutive questions: (1) 
How stressed do you  feel? (2) How miserable or sad do 
you think the people in the pictures feel? (3) To what degree 
do you feel you want to help the persons in the pictures? The 
responses were based on a 7-point Likert scale and recorded 
by E-prime software.

2 http://www.fil.ion.ucl.ac.uk/spm/software/spm12/

3 https://sourceforge.net/projects/hrvas

Results

Results of ERP picture viewing

The ERP results illustrated the temporal processing of 
negative pictures during different intervenal conditions, and 
further second-level analysis was performed between groups. 
Among the specified ERP components, the early P1/N170 
components are involved in information processing in the 
perceptual stage, while N170 and P2 are correlated with an 
individual’s emotional skills (Meaux et al., 2014). Therefore, the 
early components could be regarded as the attention deployment 
stage. The later stage contains more cognitive and affective 
processing of information in N400–600, and the component 
beyond 600 ms could be regarded as the cognitive change stage of 
emotion regulation. As the cognitive contemplation training of 
the ATP could influence frontal activity, we selected one channel 
in the frontal lobe (Fz) to observe and analyse the effects of the 
conditions in two groups when viewing the negative pictures (see 
Figure 2).

To further illustrate the effect of compassion and wisdom 
meditations, brain activity in these two meditation conditions 
was compared with that for the neutral priming condition. The 
effect of compassion meditation on a participant’s responses to 
miserable pictures was calculated by subtracting the neutral 
instruction condition from the compassion meditation 
condition (compassion – neutral); second-level comparisons 
between groups are shown in the bottom row of Figure 3. The 
outcome demonstrated that compassion meditation elicited 
higher brain activity at the earlier stage of negative picture 
processing, and this activity lasted for a longer time in the ATP 
group than in the control group. When they viewed miserable 
pictures with compassion priming (COMP), the ATP group had 
higher brain activity in the frontal and occipital lobes (see 
Supplementary Figures S2a,b), whereas the control group only 
had higher occipital activity (see Supplementary Figures S3a,b). 
To further compare the overall effect of COMP, region of 
interest (ROI) analysis was performed for the N400 component 
of channels in the left frontal regions (Control: M = −0.082 μV, 
SD = 1.606 μV; ATP: M = −0.822 μV, SD = 1.739 μV; t = 2.039, 
p = 0.045; ROI of the left frontal region, see Supplementary  
Figure S4).

To further localize the brain region related to the compassion 
meditation (compassion-neutral condition) on miserable pictures, 
a source analysis was applied to illustrate the difference between 
the ATP and control groups. Source analysis suggested that the 
brain region involved in the compassion meditation condition is 
located in the medial prefrontal region (Figure 4).

Wisdom meditation had a similar effect as compassion 
meditation on the frontal lobe, although the significance was less 
marked. In addition, this frontal activity occurred slightly earlier 
than in the compassion condition (see Supplementary  
Figures S5a,b). At the same time, the control had only more 
occipital activity when compared to the neutral condition (see 

https://doi.org/10.3389/fpsyg.2022.891656
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
http://www.fil.ion.ucl.ac.uk/spm/software/spm12/
https://sourceforge.net/projects/hrvas


Gao et al. 10.3389/fpsyg.2022.891656

Frontiers in Psychology 06 frontiersin.org

Supplementary Figures S6a,b). The pattern in Figure 5 illustrates 
that, with the wisdom meditation priming, the ATP group had 
more frontal activity than the control group during negative 
picture viewing.

Physiological results

The ECG results indicated that when viewing negative 
pictures, the ATP group had a higher HRV in terms of the RMSSD, 
t(40) = −2.05, p = 0.047 (see Figure 6), in the COMP condition 
(M = 30.38) than in the NEUT condition (M = 28.97). Nonetheless, 
no significant difference in the heart rate interval during picture 
viewing between groups or conditions, and no significant effects 
were found for the GSR and breathe data (see Supplementary  
Table S1).

Behavioural results

There was no difference in age or gender between the two 
groups (age of ATP group = 45.0 ± 8.0 years old; age of control 
group = 46.7 ± 7.8 years old). There was an apparent difference 
between the negative pictures (for the COMP, WISD, and 
NEUT conditions) and neutral pictures (NORM condition) 
when both groups answered the three subjective questions 
(p < 0.001). The significance of these results validated  

the separation between neutral and negative categories 
of pictures.

Further comparisons of subjective responses to the negative 
pictures indicated that the participants in the ATP group perceived 
the negative pictures as more miserable than the control group. 
However, the difference was significant only in the COMP 
condition (p = 0.042) and not in the WISD (p = 0.754) and NEUT 
(p = 0.947) conditions. The ATP group was less stressed than the 
control group, although the results were not statistically significant.

The participants perceived negative pictures as significantly 
more miserable in the COMP condition than in the WISD (p < 0.001) 
and NEUT (p = 0.003) conditions, but only in the ATP group. In 
addition, the results demonstrated that the ATP group was more 
willing to help, but only in the COMP condition, compared with the 
WISD condition (p = 0.009). Similarly, the ATP group tended to 
be less stressed in the WISD condition than in the COMP condition 
(p = 0.094). In contrast, these differences between conditions were 
not significant in the control group, as shown in Figure 7.

Discussion

Several behavioural studies, including ours, have shown the 
effectiveness of compassion or loving-kindness meditation on 
emotion regulation under challenging situations (Blevins, 2016; 
Newham, 2017; Inwood and Ferrari, 2018; Wu et  al., 2019). 
However, these studies lack clarity with regard to the emotion 

FIGURE 2

The event-related potentials of different priming conditions for negative pictures (Fz channel). The solid lines represent the ATP group and the 
dashed line is for the control group. ATP, Awareness Training Program; COMP, compassion meditation instruction; NEUT, neutral instruction; 
WISD, wisdom meditation instruction. A-, ATP group; B-, control group.
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regulation strategies used and the underlying neural mechanism. 
The current ERP study demonstrated the neural correlates of 
emotion regulation by using different priming after the 7-week 
practice of awareness training. Based on the neurophysiological 
results, we  discuss how the ATP intervention, especially 
compassion meditation, affects the three aspects of negative 
emotion processing: attention deployment, cognitive change, and 
response expression.

Effect of compassion/wisdom meditation 
on attention deployment

Attention deployment involves the early processing of 
perceptual information in the occipital lobe and the subsequent 
attentional neural activity in the frontal and parietal lobes (P1/
N170 components). Compared with the NEUT condition, the 
ATP group showed greater P1/N170 component activity when 
viewing miserable pictures in both the COMP and WISD 
conditions. The control group did not show these early-stage 
neural activities in the COMP or WISD condition. Nevertheless, 
for these compassion-specific neural activities, the difference 
between the ATP group and the control group was not significant.

With primes of compassion/wisdom meditation, significantly 
more occipital activity was found in both the COMP and WISD 
conditions compared with the NEUT condition. This happened in 
the control and ATP groups. This finding indicates that participants 
in both groups tried to pay more attention when asked to show 
compassion or wisdom while viewing the negative and miserable 
pictures. Although participants of the control group were not 
explicitly taught how to meditate with compassion or wisdom, they 
did make efforts to contemplate following the primes of compassion 

FIGURE 3

Group comparison of components in the compassion condition when viewing negative pictures. The patterns demonstrate that the Awareness 
Training Program (ATP) group had higher amplitudes (N400) in the left frontocentral region than the control group. Dots illustrate channels with 
significant differences (p    < 0.05), and darker dots indicate smaller p-values.

FIGURE 4

Source analysis on the comparison of compassion meditation 
effect between the Awareness Training Program (ATP) group and 
control group. Source analysis using statistical parametric 
mapping (SPM) indicated that the brain regions specifically 
activated by compassion meditation are located in the medial 
prefrontal region.
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or wisdom meditation. Thus, the control group also demonstrated 
more occipital activity in the COMP and WISD conditions. The 
ATP group showed slightly greater occipital activity than the control 
group, but the difference between the groups was not significant. 

This results is in line with previous findings that visual areas such as 
occipital lobe is mainly stimulus driven as shown in retinotopy, 
while parietal and frontal areas are driven primarily by attention. 
Nonetheless, the attentional modulation does affect both early 

FIGURE 5

Group differences in the wisdom condition when viewing negative pictures. The Awareness Training Program (ATP) group had more neural activity 
(around N200–600 ms) in the frontal region than the control group. The dots illustrate channels with significant differences (p < 0.05), and darker 
dots indicate smaller p-values.

FIGURE 6

Group comparison of heartrate variability (HRV) under different conditions. The HRV is higher in the compassion condition than in the neutral 
condition in the Awareness Training Program (ATP) group. The error bar shows the standard error.
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visual areas and attentional control areas in parietal and frontal 
cortex (Saygin and Sereno, 2008).

The ATP course teaches participants to cultivate awareness and 
attention. Furthermore, compassion training is obligatory in the 
ATP, as the mind of enlightenment (bodhicitta) has compassion as 
its foundation. This may help to explain that after the compassion 
training, participants tended to be more prepared and to display an 
earlier and stronger willingness to respond in the COMP condition. 
That said, the insignificant results revealed that there was a trend 
that the awareness of the ATP participants might enhance after the 
training on compassion and wisdom meditation. However, the 
difference between groups was not evident at the early stage of 
attention deployment. The effect of compassion mediation/wisdom 
meditation may be well beyond the attention deployment stage.

Effect of compassion/wisdom meditation 
on cognitive change

The cognitive change stage involved a period of later 
information processing at N400, and it could go beyond 600 ms to 
1,000 ms, mainly in the frontal lobe. The most prominent finding 
in the ATP group was a significant amount of frontal activity after 
the priming of compassion meditation or wisdom meditation. In 
contrast, no such frontal activity was found in the control group. 
This outcome revealed that cognitive contemplation and the 
corresponding cognitive change were cultivated after practices of 
compassion and wisdom, and it played an important role in 
enhancing the ATP participants’ ability of affective modulation.

The frontal negativity of the ATP group peaked at 400–600 ms, 
a period generally referred to as an N400 component. The period 
of this cognitive process could last from 200 to 1,000 ms in some 
situations (Curran et al., 1993; Kutas and Federmeier, 2011; Joyal 
et al., 2020; Junge et al., 2021). The N400 component is highly 
relevant to language and semantic processing. Nonetheless, a 
review paper has suggested that N400 indicates fundamental 
processing of meaningful/non-meaningful dimension more than 
the linguistic/non-linguistic dimension (Kutas and Federmeier, 
2011). The change in N400 amplitude in the COMP and WISD 
conditions demonstrates that both the compassion and wisdom 
practices could help individuals to reconceptualize the meaning 
of events but in different ways.

During compassion meditation or loving-kindness 
meditation, practitioners need to send blessings to themselves, 
and to others, especially those in trouble (Salzberg, 1995; Ho and 
Mak, 2016; Condon and Makransky, 2020; Mantzios et al., 2021). 
This contemplation during the compassion training could prompt 
more linguistic processing and help the participants to 
reconceptualize the experience and meaning of the miserable 
pictures. The result demonstrated that the ATP group had a higher 
N400 amplitude in the COMP condition than the control group. 
With primes of compassion meditation, this greater activation of 
the left frontal lobe in the COMP condition might imply a 
motivation to help and possibly an approach tendency (Davidson 

et al., 2004; Harmon-Jones et al., 2006), as the left frontal activity 
is related to an approach tendency (Kelley et al., 2017). The results 
are consistent with a previous ERP study on compassion, which 
revealed the role of frontal lobe in compassion-focussed 
reappraisal (Baker et al., 2017).

Further source analysis revealed that in the COMP condition, 
the ATP group demonstrated high neural activity in the medial 
PFC. There is evidence that the PFC can modify emotion 
according to socially acceptable norms by top-down processes 
(Morawetz et  al., 2016). Damage to the frontal lobe or the 
pathways connecting the frontal lobe with the limbic system can 
disrupt the subject’s emotion, volition, and personality (Riva et al., 
2012). Our results are concordant with previous studies 
demonstrating that compassion meditation might induce activity 
in the medial PFC and anterior cingulate cortex in response to 
empathy and happy feelings (Engstrom and Soderfeldt, 2010). A 
meta-analysis of fMRI studies on compassion also revealed 
compassion related areas at frontal lobe including the anterior 
cingulate, the inferior frontal gyrus, anterior insular, as well as 

FIGURE 7

Behavioural measurements and comparison of how the 
participants felt when viewing the negative pictures. Note that all 
the scores are significantly different between negative and 
neutral pictures (p  < 0.001). ATP, Awareness Training Program. 
significant difference (*p  < 0.05).
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other brain regions of periaqueductal grey, left putamen, left 
thalamus (Kim et al., 2020). Interestingly, this study found more 
regions were induced by compassion in the left hemisphere than 
the right hemisphere. The practice of compassion meditation 
cultivates the feeling of compassion and generosity, and 
practitioners need to cultivate their relationships with others 
despite whether or not they originally liked it. This cognitive 
reappraisal process may engage the middle and ventral areas of the 
PFC (Gusnard et al., 2001).

A similar frontal N400 component was found in the WISD 
condition, although it peaked earlier (200–400 ms) and lasted 
from 200 to 600 ms. In contrast, frontal negativity peaked at 
400–600 ms and lasted from 200 to 1,000 ms in the COMP 
condition. These ERP results revealed that the frontal activity 
induced by miserable pictures in the WISD condition emerged 
earlier but lasted for less time compared with that in the COMP 
condition. This may reflect different contemplation between the 
COMP and WISD conditions in the stage of cognitive change. 
Cognitive contemplation was applied in both the WISD and 
COMP conditions, but their contemplative focus and content may 
differ. The wisdom meditation taught in the ATP aims to cultivate 
non-attachment, a Buddhist concept based on the empty nature 
of the ‘self ’ or ‘other’ (Shiah, 2016). This insight may help 
individuals to let go of mental fixation or attachment to specific 
concepts. Thus, the participants could avoid excessive emotional 
responses and demonstrate an earlier peak and a shorter duration 
of the frontal activity in the WISD condition. It is suggested that 
wisdom practice cultivates a detach tendency instead of an avoid 
tendency. While in the COMP condition, the ATP participants 
may learn to cultivate an approach tendency. They tended to 
be cognitively more considerate, as implied by their prolonged 
prefrontal activity in the COMP condition.

Effect of compassion/wisdom meditation 
on the ERP during the response 
modulation stage

The response modulation stage of participants could 
be  observed in their behavioural response and physiological 
response of cardiac activity. The behavioural response showed that 
the ATP group displayed more empathy and willingness to help 
those in miserable situations than did the control group. However, 
this willingness to help seems only apparent in the COMP 
condition but not in other conditions. It is interesting to find that 
only in the ATP group, participants became more empathic to 
those in miserable situations in the COMP condition compared 
with the other two conditions, also they were more willing to help 
in the COMP condition than in the WISD condition. This finding 
shows that the priming cue could help the participants to retrieve 
their learning experience from the ATP training and enabled them 
to specifically reconceptualize the emotional pictures.

The ATP group had a higher HRV (in terms of the RMSSD) 
in the COMP condition than in the NEUT condition. As cardiac 

activity is modulated by the autonomic nervous system, which 
controls one’s physiological response to stress, HRV reflects the 
balance between the sympathetic nervous system and the 
parasympathetic nervous system (Singh et al., 2018). For example, 
HRV has a significant correlation with highly negative emotions 
induced by the IAPS pictures (Choi et al., 2017). A higher HRV in 
the compassion condition implies a higher degree of emotional 
involvement when viewing the miserable pictures. Changes in the 
physiological data suggest the cultivation of empathy in the 
compassion meditation condition.

A previous study showed that cognitive reappraisal could 
induce cardiac-vagal flexibility and cultivate positive emotion. 
Nonetheless, this effect only appeared after habitual use – that is, 
a relatively long-term training. Otherwise, the effect on HRV 
would be  less prominent, similarly to the effect of expressive 
suppression (Jentsch and Wolf, 2020). The physiological change 
may be accompanied by a possible change in neuroendocrine 
activity, as self-reported compassion towards sad faces induces 
greater activation in subcortical areas secreting dopamine, 
including the ventral tegmental area and substantia nigra, 
generating an intrinsic reward (Kim et al., 2009). Previous studies 
have demonstrated that the PFC could influence neuroendocrine 
activity when regulating extreme emotions via the cognitive 
reappraisal strategy (Sullivan, 2004; Zhan et  al., 2017). This 
empathetic understanding of other’s pain and the willingness to 
help may be related to the increased activation of the medial PFC 
(Immordino-Yang et al., 2009), as illustrated in our source analysis.

It is worth noting that to exercise fully the effectiveness of the 
cognitive reappraisal strategy of the ATP, both compassion and 
wisdom should be  equally emphasized. Compassion training 
alone may entail an issue of compassion fatigue or secondary 
traumatic stress (van Mol et al., 2015). The simultaneous practice 
with the wisdom of nonattachement would allow the individual 
to step outside of their usual immediate response to an event and 
disentangle the habitual response of emotion from behaviour 
(Ayduk and Kross, 2010). In Buddhist teachings, compassion and 
wisdom meditations are inseparable, similarly to two wings of a 
bird. The current ERP study implies that compassion practice 
might endow a miserable event with more meaning and 
importance of life, thus cultivating an approach tendency. At the 
same time, wisdom practice might enable the participants to 
become acentric from a secular event and thus cultivate a detach 
tendency in the stage of cognitive reappraisal.

In sum, the current ERP study has demonstrated that both 
compassion meditation and wisdom meditation help affective 
modulation in middle-aged working adults with moderate stress. 
The behavioural results, physiological results, and ERP, especially 
the distinct frontal activity, provide converging evidence that the 
ATP could effectively regulate individuals’ emotional responses to 
miserable events. These results align with previous studies that 
cognitive reappraisal is an especially promising strategy of emotion 
regulation. That said, it has been suggested that the combination of 
compassion and wisdom may maximise the efficacy of ATP 
intervention in emotion regulation, and the combination could 
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help sustain cognitive transformation towards compassion together 
with the wisdom of non-attachment (Salzberg, 2011).

Several limitations are worth noting in the current study. 
Traditional awareness training usually takes much longer than 
7 weeks. Longer programme duration may result in a more 
effective outcome, especially for wisdom meditation, which is 
more difficult to learn and practice. Second, subcortical regions 
such as the amygdala play a vital role in emotion generation, and 
subsequent regulation, and neuroimaging tools such as fMRI 
could clarify this processing better than EEG source localisation 
in terms of spatial resolution. A third limitation is that we did not 
collect the ERP data before the ATP course, a two-arm longitudinal 
randomized clinical trial would be more convincing. The present 
study has demonstrated the role of frontal activity in compassion 
meditation. Future fMRI studies could reveal the subcortical 
regions involved in the bottom-up process of emotion regulation.
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