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SUMMARY:
The present event-related potential (ERP) study provides a unique protocol for investigating how religious chanting can modulate negative emotions. The results demonstrate that the late positive potential (LPP) is a robust neurophysiological response to negative emotional stimuli and can be effectively modulated by repetitive religious chanting.

ABSTRACT:
In neuropsychological experiments, the late positive potential (LPP) is an event-related potential (ERP) component that reflects the level of one's emotional arousal. This study investigates whether repetitive religious chanting modulates the emotional response to fear- and stress-provoking stimuli, thus leading to a less responsive LPP. Twenty-one participants with at least one year of experience in the repetitive religious chanting of "Amitabha Buddha" were recruited. A 128-channel electroencephalography (EEG) system was used to collect EEG data. The participants were instructed to view negative or neutral pictures selected from the International Affective Picture System (IAPS) under three conditions: repetitive religious chanting, repetitive nonreligious chanting, and no chanting. The results demonstrated that viewing the negative fear- and stress-provoking pictures induced larger LPPs in the participants than viewing neutral pictures under the no-chanting and nonreligious chanting conditions. However, this increased LPP largely disappeared under repetitive religious chanting conditions. The findings indicate that repetitive religious chanting may effectively alleviate the neurophysiological response to fearful or stressful situations for practitioners.

INTRODUCTION:
The late positive potential (LPP) has long been accompanied by emotional arousal, and it has been reliably used in emotion-related research1,2. Religious practice is widespread in both Eastern and Western countries. It is asserted that it can alleviate the practitioner's anxiety and stress when facing adverse events, especially during times of difficulty3. Nonetheless, this has seldom been demonstrated under rigorous experimental settings.

Numerous studies have confirmed that emotion regulation can be learned with different strategies and frameworks4–6. A few studies have shown that mindfulness and meditation can modulate the neural response to affective events7,8. Recently, it was found that meditation practitioners may employ emotion modulation strategies other than cognitive appraisal, suppression, and distraction8,9. Stimuli from the International Affective Picture System (IAPS) can be used to elicit positive or negative emotions reliably, and there are standard criteria for finding designed pictures with specified valence and arousal levels in affective research10.

Emotional stimuli can cause early- and later- responses in the brain3,11. Similarly, Buddhism tradition made analogical analysis on the mind thoughts by initial and secondary mental processes3,12. The Sallatha Sutta (The Arrow Sutta), an early Buddhist text, mentions that cognitive training can tame emotion. The Arrow Sutta states that both a well-trained Buddhist practitioner and an untrained person experience an initial and negative perception of pain when facing a harmful event13. This unavoidable initial pain is similar to a person being hit by an arrow, as described in the Sallatha Sutta. Early perceptual pain is identical to the stage of early processing when a person views a highly negative picture. Early neural processing usually elicits an N1 component. Untrained persons may develop excessive emotions, such as worry, anxiety, and stress, after experiencing the initial, unavoidable painful feelings. According to the Sallatha Sutta, this late-developing negative emotion or psychological pain is like being hit by a second arrow. An event-related potential (ERP) experiment may capture the current design's early and later psychological processes, assuming that N1 and LPP could correspond to the two arrows mentioned above.

In this protocol, the repetitive chanting of the name "Amitabha Buddha" was chosen to test the potential effect of religious chanting when an individual is in a fearful or stressful situation. This religious chanting is one of the most popular practices of individuals with religious orientations among Chinese Buddhists, and it is a core practice of East Asian Pure Land Buddhism14. It was hypothesized that repetitive religious chanting would reduce the brain response to provoking stimuli, namely, the LPP induced by fearful or stressful pictures. Both EEG and electrocardiogram (ECG) data were collected to assess participants' neurophysiological responses under different conditions.

PROTOCOL:
This ERP study was approved by The University of Hong Kong Institutional Review Board. Before participating in this study, all participants signed a written informed consent form.
[bookmark: _Hlk83751106]
1. Experimental design

1.1. Recruit participants

1.1.1. Recruit participants with at least 1 year (~ 200–3,000 h) of experience in chanting the name of "Amitabha Buddha" for this study.

NOTE: In the present study, 21 human participants ranging from 40–52 years old were selected; 11 were males.

1.2. Religious chanting vs. nonreligious chanting

1.2.1. Chant the name of "Amitabha Buddha" for 40 s. First 20 s with the image of Amitabha and the next 20 s with IAPS images.

1.2.1.1.	Chant only four characters of the name of "Amitabha Buddha" and imagine the Amitabha following the script in Pureland school14.

1.2.2. Chant the name of Santa Claus (non-religious chanting condition) for 40 s. First 20 s with the image of Amitabha and the next 20 s with IAPS images.

1.2.1.2.	Chant only four characters of the name of Santa Claus and imagine the Santa Claus.

1.2.3. Keep silent for 40 s. First 20 s with imagining on a blank image for control purpose and the next 20 s with IAPS images.

NOTE: No chanting.

1.3. EEG recording system

1.3.1. Record EEG data using a 128-channel EEG system that consists of an amplifier, headbox, EEG cap, and two desktop computers (see Table of Materials).

1.4. Stimuli presenting system

1.4.1. Use stimulus presentation software (see Table of Materials) to show neutral and negative pictures from the international affective picture system (IAPS) on a desktop computer.

1.5. ECG recording system

1.5.1. Use a physiological data recording system to record ECG data (see Table of Materials).

2. Affective modulation experiment

NOTE: The experiment had two factors with a 2 x 3 design: The first factor was the picture type: neutral and negative. The second factor was the chanting type: chanting "Amitabha Buddha", chanting "Santa Claus" and no chanting (silent view).

2.1. Use a block design, as it may more effectively elicit emotion-related components15.

NOTE: There were six conditions, and the sequences were randomized and counterbalanced between the participants (Figure 1). The six conditions were as follows: religious chanting while viewing fearful pictures (RC-Fear); religious chanting while viewing neutral pictures (RC-Neut); no chanting while viewing scary pictures (NoC-Fear); no chanting while viewing neutral pictures (NoC-Neut); nonreligious chanting while viewing fearful pictures (NRC-Fear); and nonreligious chanting while viewing neutral pictures (NRC-Neut).

[Place Figure 1 here]

2.2. Show each picture for ~1.8–2.2 s, with an interstimulus interval (ISI) of 0.4–0.6 s.

NOTE: There were 10 pictures of the same type (neutral or negative) in each session.

2.3. Allow a rest period of 20 s after each session to counter the potential residual effects of chanting or picture viewing on the next session.

2.4. Present the pictures on a CRT monitor at a distance of 75 cm from the participants' eyes, with visual angles of 15° (vertical) and 21° (horizontal).

2.5. Ask the participants to observe the pictures carefully.

2.6. Provide a brief practice run to the participants to allow them to familiarize themselves with each condition. Use a video monitor to ensure that the participants do not fall asleep.

2.7. Give the participants a 10 min rest in the middle of the 40 min experiment.

3. EEG and ECG data collection

NOTE: Before coming to the experiment, ask each participant to wash their hair and scalp thoroughly without using a conditioner or anything else that may increase the system's impedance. Collect the EEG and ECG data simultaneously by two separate systems.

3.1. Inform each participant of the experimental procedures, that is, that effective pictures were viewed under different chanting conditions.

3.2. Set the sampling rate to 1,000 Hz, and maintain the impedance of each electrode below 30 kΩ whenever possible or according to the system's requirements.

3.3. Collect physiological data, including ECG data using a physiological data recording system (see Table of Materials).

4. EEG data analysis

4.1. Process and analyze the EEG data with EEGLAB (see Table of Materials), Supplementary File 1–2), an open-source software16 following the steps below.

4.2. Use the EEGLAB function "pop_resample" to resample the data from 1,000 Hz to 250 Hz to maintain a reasonable data file size. Click on Tools > Change sampling rate.

4.3. Use the EEGLAB function "pop_eegfiltnew" to filter the data with a finite impulse response (FIR) filter with 0.1–100 Hz passband. Click on Tools > Filter the data > Basic FIR filter (new, default).

4.4. Filter the data again with a nonlinear infinite impulse response (IIR) filter with a 47–53 Hz stopband to reduce the noise from the alternating current. Click on Tools > Filter the data > select Notch filter the data instead of pass band.

4.5. Visually inspect the data to remove strong artifacts generated by eye and muscle movements. Click on Plot > Channel data (scroll).

4.6. Visually inspect the data again for any consistent noise generated by any channel, and the bad channels were noted.

4.7. Reconstruct the bad channels using spherical interpolation. Click on Tools > Interpolate electrodes > Select from the data channels.

4.8. Run independent component analysis (ICA) with the open-source algorithm "runica"16. Click on Tools > Run ICA.

4.9. Remove the independent components (ICs) corresponding to eye movements, blinks, muscle movement, and line noise. Click on Tools > Reject data using ICA > Reject components by map.

4.10. Reconstruct the data using the remaining ICs. Click on Tools > Remove components.

4.11. Filter the data with a 30 Hz low-pass filter. Click on Tools > Filter the data > Basic FIR filter (new, default).

4.12. Obtain ERP data by extracting and averaging time-locked epochs for each condition with a time window of -200 to 0 ms as the baseline and 0 to 800 ms as the ERP. Click on Tools > Extract epochs.

4.13. Re-reference the ERP data with the average of the left and right mastoid channels. Click on Tools > Re-reference.

4.14. Repeat the above steps for the datasets from all participants and compare the differences between conditions using the t-test or repeated-measures ANOVA in a statistical analysis software (see Table of Materials).

4.15. Define time windows for N1 and LPP based on established theories8,17 and the current data3.

NOTE: In this work, N1 was defined as 100–150 ms, while LPP as 300–600 ms from stimulus onset; LPP is most prominent in the central-parietal region (Figure 2).

4.16. Find the neutral vs. negative picture difference at the N1 component using paired t-test among three conditions (Figure 3).

4.17. Find the neutral vs. negative picture difference at the LPP component using paired t-test among three conditions (Figure 4).

4.18. Perform region of interest (ROI) analysis on N1 and LPP components by averaging relevant channels to represent a region.

NOTE: To select ROI, the epochs of all three conditions were averaged to calculate those channels where the neutral and negative pictures had a difference that was significant in the specific time window (e.g., for N1 or LPP).

4.19. Compare the difference at N1 and LPP separately, using repeated measures ANOVA and post hoc statistics in statistical analysis software.

NOTE: Use Post hoc analysis (Bonferroni correction) and determine significant differences between the two conditions separately if the model was significant. The significance threshold was set at p < 0.05.

5. ERP source analysis

5.1. Perform the ERP source analysis18 with the SPM19 open-source software (see Table of Materials) following the steps below.

5.2. Link the EEG cap sensor coordinate system to the coordinate system of a standard structural MRI image (Montreal Neurological Institute (MNI) coordinates) by landmark-based co-registration. In SPM, click on Batch > SPM > M/EEG > Source reconstruction > Head model specification.

5.3. Perform forward computation to calculate the effect of each dipole on the cortical mesh imposed on the EEG sensors. Under the same Batch Editor, click on SPM > M/EEG > Source reconstruction > Source inversion.

NOTE: These results were placed in a G matrix (n x m), where n is the number of sensors (EEG space dimension) and m is the number of mesh vertices (source space dimension). The source model was X = GS, where X is an n x k matrix denoting the ERP data of each condition, k is the number of time points, and S is an m x k matrix indicating the ERP source.

5.4. Use the greedy search-based multiple sparse priors algorithm (since S is unknown) in the third step (among the many algorithms available) to perform the inverse reconstruction because it is more reliable than other methods20. Choose MSP (GS) for the Inversion type in the Source Inversion window.

5.5. Determine the difference between conditions using general linear modeling in SPM. Set the significance level to p < 0.05. Under Batch Editor, click on SPM > Stats > Factorial design specification.

6. ECG data and behavioral assessment analysis

6.1. Use physiological and data processing software to process and analyze the ECG data (see Table of Materials). Calculate the mean scores for each condition. In EEGLAB, click on Tools > FMRIB Tools > Detect QRS events21.

NOTE: Similar to the ERP amplitude analysis, statistical software was used to further analyze the data with repeated ANOVA. Post hoc analysis was performed to determine the significant differences between the two conditions separately if the model was significant. The significance level was set to p < 0.05.

6.2. Ask the participants to rate their belief in the efficacy of chanting the subject's name (Amitabha Buddha, Santa Claus, etc.) on a 1–9 scale, where 1 is considered weakest and 9 the strongest.

REPRESENTATIVE RESULTS:

Behavioral results
The results for participants' belief of chanting revealed an average score of 8.16 ± 0.96 for "Amitabha Buddha", 3.26 ± 2.56 for "Santa Claus", and 1.95 ± 2.09 for the blank control condition (Supplementary Table 1).

ERP results
The representative channel of Pz (parietal lobe) demonstrated that the chanting conditions had different effects on the early (N1) and late (LPP) processing of neutral and negative pictures. It showed the time window of N1 and LPP, respectively (Figure 2).

Early perceptual stage
The ERP results showed an increased N1 while viewing the fearful pictures in three chanting conditions (Figure 3). It showed that negative images induced stronger central brain activities than neutral images, and the increases are comparable in three conditions.

Late emotional/cognitive stage
The ERP demonstrated an increased LPP in the nonreligious chanting and no-chanting conditions. However, the LPP induced by fearful pictures is barely visible when the participant chants Amitabha Buddha's name (Figure 4).

Region of interest (ROI) analysis
The three conditions were combined to estimate the regions that were generally activated at N1 and LPP components. Repeated ANOVA was performed with statistical software to calculate the difference in the N1 and LPP components between the chanting conditions (Figure 5).

The left three columns show the difference in the N1 component for the three chanting conditions: the silent viewing condition, the nonreligious chanting condition, and the religious chanting condition. The differences in the N1 component were similar across the three conditions. The right three columns show the difference in the LPP component for the three chanting conditions. This demonstrates that the difference in the LPP component is much smaller in the religious chanting condition than in the nonreligious chanting condition and the silent viewing condition.

Source analysis
Source analysis was applied to extract the potential brain mapping based on the LPP results (Figure 6). The results show that when compared with neutral pictures, negative pictures induce more parietal activation in the nonreligious chanting condition and no chanting condition. In contrast, this negative picture-induced activation largely disappears in the religious chanting condition.

Physiological results: heart rate
There was a significant change in the heart rate (HR) between the fearful and neutral pictures in the nonreligious chanting condition. A similar trend was found in the no-chanting condition. However, no such HR difference was found in the religious chanting condition (Figure 7).

FIGURE AND TABLE LEGENDS:

Figure 1: The experimental procedure. There were six pseudorandomized conditions, and each participant received a pseudorandomized sequence. Each condition was repeated six times in two separate sessions. This figure has been adapted from Reference3.

Figure 2: A representative channel (Pz) showed different ERPs in six chanting conditions. The six conditions are (1) religious chanting while viewing fearful pictures (RC-Fear); (2) religious chanting while viewing neutral pictures (RC-Neut); (3) no chanting while viewing scary pictures (NoC-Fear); (4) no chanting while viewing neutral pictures (NoC-Neut); (5) nonreligious chanting while viewing fearful pictures (NRC-Fear); and (6) nonreligious chanting while viewing neutral pictures (NRC-Neut). The channel Pz located in the mid-parietal area of the scalp.

Figure 3: The ERP results for demonstrating the N1 component in the three chanting conditions. Two-dimensional maps of the N1 component for the three conditions for each picture type. In the last column, channels with significant differences (p < 0.05) are shown with dots; dots that are in darker color indicate greater significance (i.e., smaller p-values).

Figure 4: The ERP results for demonstrating the LPP component in the three chanting conditions. Two-dimensional maps of the late positive potential (LPP) component for the three conditions for each picture type. In the last column, channels with significant differences (p < 0.05) are shown with dots; dots that are in darker color indicate greater significance (i.e., smaller p-values).

Figure 5: Region of interest (ROI) analysis. The Region of interest (ROI) analysis on the difference between negative vs. neutral picture-induced brain responses for the early component, N1, and the late component, the late positive potential (LPP).

Figure 6: Source analysis of the late positive potential (LPP) component under the three conditions.

Figure 7: The heart beat intervals under the three chanting conditions. The electrocardiogram's inter-beat intervals (RRs) under each picture type/chanting combination and the corresponding p values. Ami: Amitabha Buddha chanting condition, San: Santa Claus chanting condition, Pas: passive viewing condition, Neu: neutral picture, Neg: negative picture.

Supplementary Table 1: Rating the belief in the efficacy of the chanting subject (Amitabha Buddha, Santa Claus). It uses a 1–9 scale, where 1 indicates the least belief and 9 the strongest belief.

Supplementary File 1: Code for EEG data batch preprocessing. It removes bad channels, resamples the data to 250 Hz, and then filters the data.

Supplementary File 2: Code for ERP data repairing. It repairs bad epochs with noisy spikes.

DISCUSSION:
The uniqueness of this study is the application of a neuroscientific method to probe the neural mechanisms underlying a widespread religious practice, i.e., repetitive religious chanting. Given its prominent effect, this method could enable new interventions for therapists or clinicians to treat clients dealing with emotional problems and suffering from anxiety and stress. Together with previous studies, broader emotion regulation research should be considered in future studies7–9,22.

There are few ERP studies on chanting, given the difficulty of constructing experiments that combine chanting and other cognitive events. This study demonstrates a feasible protocol for investigating the affective effect of chanting/praying, which is rather popular in the real world. Previous functional MRI (fMRI) studies found that praying recruits areas of social cognition23. One resting-state fMRI study revealed that chanting "OM" reduced outputs from the anterior cingulate, insula, and orbitofrontal cortices24. Another EEG study found that "OM" meditation increased delta waves, inducing the experience of relaxation and deep sleep25. However, these methods could not precisely investigate the specific event-related changes after religious chanting.

Researchers should control the confounding factors of language processing and familiarity to successfully investigate the potential effect of repetitive religious chanting successfully. As the participants practiced extensively and daily chanting the name "Amitabha Buddha" (Chinese characters: 阿彌陀佛; Cantonese pronunciation: o1-nei4-to4-fat6), we used the name "Santa Claus" (Chinese characters: 聖誕老人; Cantonese pronunciation: sing3-daan3-lou5-jan4) as the control condition because the local is familiar with Santa Claus. In Chinese, both names contain four characters, thus controlling for language similarity. Regarding familiarity, Santa Claus is also quite popular in Hong Kong because it is a partially Westernized city. In addition, Santa Claus is also a somewhat positive figure in Hong Kong, where there is official Christmas Holidays. Nevertheless, this control of familiarity is partial, as it is difficult to entirely match the understanding of Amitabha's name for the practitioners.

One critical step in the current study was the preparation of the fear- or stress-provoking pictures. As religious chanting may work better when threatening events occur, selecting proper stimuli from the IAPS image pool26 was crucial. It is recommended that potential participants be interviewed and that suitable pictures be chosen to avoid too much fear or disgust. Highly negative pictures could prevent the participants from willfully averting their attention; at the same time, the fear-provoking stimuli should enable the participants to experience a sufficient threat. Another critical issue is the block design of the study. The EEG/ERP signal is sufficiently sensitive and dynamic to follow every event. However, it would be more appropriate to implement a block design with a 20–30 s viewing period because the pattern of cardiac function or emotion may not change on the order of seconds27. On the other hand, a 60 s block might be too long, and the neural response could become habituated in the ERP studies.

The EEG data processing stage needs to make a backup during each step, as each step alters the data and records the changes made during those steps. This can be used to track changes and make it easier to find errors during batch processing. Improving the data quality is also essential, so experience in raw data cleaning and identifying bad independent components (ICs) is needed. In the statistical analysis, comparisons were made on grand averages, and ANOVA was applied. We caution that this statistic with the fixed-effect model is susceptible to random effects28. Mixed-effects models can be adapted to control extraneous factors29, and the assumption of linearity can potentially affect inferences drawn from the ERP data30.

Several limitations are worth noting. One limitation is that the current study enrolled only one group of participants who practiced Pureland Buddhism. Enrolling a control group without any experience in religious chanting for comparison could help determine whether the effect of religious chanting is mediated by belief or familiarity. Usually, a randomized controlled trial would be more convincing to examine the impact of emotion modulation on religious chanting31. However, it is difficult to guarantee that any participant would repetitively chant "Amitabha Buddha" with complete willingness. Additionally, the LPP is affected by other factors, such as emotional sound or positive priming32,33. Thus, better-controlled experiments are needed to delineate more clearly the fundamental neuro-mechanism underlying the effect of religious chanting.

In sum, previous studies have demonstrated that the human brain is subjective to neural plasticity and swift alteration of states34,35; with sufficient practice and intention, the brain can reshape itself and respond differently to normally fearful stimuli. This study provides insights into the development of effective coping strategies for handling emotional distress in contemporary contexts. Following this protocol, researchers should examine the effect of religious chanting or other traditional practices to identify feasible ways to help people ameliorate their emotional sufferings.
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