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Abstract: Focused attention meditation (FAM) is a category of meditation based on an EEG pattern,
which helps the wandering mind to focus on a particular object. It seems that prayer may, in certain
respects, be similar to FAM. It is believed that emotional experience correlates mainly with theta,
but also with selective alpha, with internalized attention correlating mainly with the synchronous
activity of theta and alpha. The vast majority of studies indicate a possible impact of transcendence
in meditation on the alpha wave in EEG. No such reports are available for prayer. Seventeen women
and nineteen men aged 27–64 years with at least five years of intensive meditation/prayer experience
were recruited to participate in the study. We identified the two largest groups which remained in the
meditation trend originating from the Buddhist system (14 people) (Buddhist meditators) and in the
Christian-based faith (15 people) (Christian meditators). EEG signal was recorded with open eyes,
closed eyes, during meditation/prayer, and relaxation. After the EEG recording, an examination was
conducted using the Scale of Spiritual Transcendence. Buddhist meditators exhibited a statistically
significantly higher theta amplitude at Cz during meditation compared to relaxation. Meanwhile,
spiritual openness favored a higher theta amplitude at Pz during relaxation. Our study did not reveal
statistically significant differences in frontal areas with regard to alpha and theta, which was often
indicated in previous studies. It seems necessary to analyze more closely the midline activity in terms
of dispersed neural activity integration.
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1. Introduction

Spirituality plays an important role in maintaining health understood as full well-being. As recently
as a dozen or so years ago in Poland, it was almost solely identified with Catholic religiousness.
However, there have been major changes in this respect. Religion is an extremely difficult subject
to research, not least because it belongs to a very sensitive and intimate sphere of individuals’ and
communities’ lives—religion, faith, and religiousness. Many aspects of religiosity are not subject to
statistical research, while some of them escape any empirical studies at all, e.g., the phenomenon of
“non-institutional religiousness”. It seemed interesting to us whether these various forms of spirituality
have a different impact on the electrophysiological activity of the brain. We wondered whether the
possible effect would be more pronounced in people with a higher level of spiritual transcendence.

Meditation is a practice of self-regulation that improves mental and emotional control [1].
We already have some knowledge about whether meditation can change the electrophysiological
activity of the brain [2]. Meditation practices may be divided into three main categories: open
monitoring meditation (OMM), focused attention meditation (FAM), and transcendental meditation
(TM) [3].
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FAM is usually a starting point for each novice meditator. During FAM, practitioners are expected
to turn their attention to a selected object or event such as breathing, mantra recital, or visualization.
In order to maintain that focus, the practicing person needs to constantly monitor their concentration
on a selected event in order to prevent the mind from wandering [4,5]. FAM is mostly identified by
inducing gamma power during meditation. The frequency of the gamma band is used most often
to study the process of learning, as well as cognitive processing—including attention and working
memory [2].

Initial research on meditation focused mainly on alpha activity, while significant changes occur
also in theta activity, which made some researchers suggest that theta is the main brain activity specific
to the state of meditation. Aftanas and Golocheikine believe that emotional experience correlates
mainly with theta, but also with selective alpha, with internalized attention correlating mainly with
the synchronous activity of theta and alpha [6].

Takahashi et al. observed that during meditation there is an increase in theta high-frequency
power and the low alpha frequency in the anterior cerebral regions, as well as a decrease in the
activity of the sympathetic system and an increase in the activity of the parasympathetic system.
The author stresses that theta and alpha are independently involved in thought processes during
meditation. The researcher also suggests that effective meditation leads to slowed down synchronous
alpha activity in the frontal areas combined with a decrease in the activity of the sympathetic system
which, in turn, may lead to the occurrence of theta in the frontal areas and the increase of activity of the
parasympathetic system [7].

So far, Christian prayer has very rarely been the subject of EEG examination. Christian
prayer covers a wide range of cognitive processes, including attention, memory, decision making,
and planning [8]. It seems that prayer may, in certain respects, be similar to FAM [3,9].

Faber also suggests that, despite clear differences in the religious technique and orientation of
Buddhist meditators and those undertaking prayer, it seems there are significant similarities in the
neural correlates of spiritual love (love generated during a loving kindness meditation performed by
Buddhist meditators, and love generated during prayer) [10]. Neurophysiological fundamentals and
the results of previous studies indicate higher brain activity in the beta2 and gamma frequencies during
prayer [3,11]. However, these ranges are relatively difficult to monitor in the EEG due to the ease of
overlap between muscle artifacts in these bands [12]. Furthermore, it seems that people who pray on a
regular basis may be more skillful in absorbing incoming information and in avoiding task-irrelevant
thoughts [13].

Lagopoulos et al. monitored changes in the alpha and theta bands, comparing non-directive
meditation (open monitoring) with complete relaxation. The team observed a significant increase in
the theta power for the state of meditation, especially in the frontal and temporal-central regions [14].
We decided to monitor the alpha and theta bands during prayer/meditation, as well as compare them
with the electrophysiological activity during a cognitively engaging task. This seems to be reasonable
since different neural networks operate in parallel when processing information [15]. Low-frequency
rhythms (theta and alpha) reflect top-down information processing involving attention and reduced
working memory activity [16].

Currently, four methods may be commonly used to collect data regarding cerebral activity: EEG,
NIRS, fMRI, and PET [17]. Of the four, EEG seems to be the best compromise between high temporal
resolution, availability, and cost of the study. Magnetoencephalography (MEG) is also worth noting,
as it delivers more precise data than EEG. However, this method is limited by high costs and the
difficulty to obtain high-temperature superconductivity. As for invasive methods such as EcoG,
these were not taken into account due to the nature of the study.

A balance in EEG alpha and theta activity along the anterior-posterior axis is implicated in
the construct of transient prefrontal cortex deregulation. Relative to a resting wakefulness baseline,
the frontal lobe becomes less active (hence, more alpha activity), and is balanced by a greater degree of
parietal activation. If the frontal lobe becomes less active, then cognitive functions such as planning
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and decision making (the executive functions) become impaired. A similar impairment would occur
to reflective awareness, as the individual’s capacity to engage in reflective thinking is reduced [18].
Brain oscillations at alpha and theta frequency bands have been shown to play a key role in a wide
variety of cognitive tasks involving memory and executive control. While alpha oscillations have been
associated with the storage and retrieval of information, theta oscillations have been associated with
the manipulation of information [19].

1.1. Alpha

A power increase in the alpha band (8–12 Hz) has been considered a sign of cortical idling [20].
The alpha band has been used as a sign of relaxation during meditation and other types of rest.

The number of alpha waves increase when the brain relaxes from intentional, goal-oriented tasks.
This is a sign of deep relaxation, but it does not mean that the mind is void [14].

1.2. Theta

The activity of the theta band (4–8 Hz) in the medial frontal and anterior cingulate cortex is
a neuronal indicator for monitoring internal processes and cognitive control [21]. For this reason,
we expect theta to increase in this area during meditation, which involves monitoring the ongoing
experience without a high level of control or manipulation of the experience content. We may have
similar expectations with regard to prayer.

1.3. Transcendence

The transcendent state is described as one of relaxed wakefulness in a phenomenologically
different space–time. In different cultures, transcendent states achieved through meditation practices
have been recorded. Transcendent states are experienced as a continuity of awareness despite the
absence of sensory or cognitive perception. Practices of reaching a state of transcendence vary from
meditation through yoga to contemplative prayer. People who experience transcendence describe a
similar unifying, ineffable state of consciousness [22].

A change in reflective awareness characterizes the transition from trance to transcendence.
There seems to be an accompanying shift in the electrophysiological state centered on the predominance
of frontal-midline theta activity, as well as a change in posterior alpha asymmetry. While the study of
mind and behavior can progress without taking into consideration the ongoing cortical activity, it is an
appreciation of the changing dynamics along the anterior-posterior axis, with its electrophysiological
signature of alpha-theta power [18].

The authors understand spiritual transcendence as “the capacity of individuals to stand outside of
their immediate sense of time and place and to view life from a larger, more objective perspective” [23].

2. Materials and Method

2.1. Characteristics of the Test Group

Seventeen women and nineteen men aged 27–64 years with at least five years of intensive
meditation/prayer experience were recruited to participate in the study. Study volunteers were
recruited from meditation/prayer groups. Each of them declared at least 2 years of intensive experience
with regard to prayer/meditation.

Prior to the commencement of the study, the entire procedure had been thoroughly explained
to the participants. They were also informed that the purpose of the study was to record their EEG
activity in different situations. All participants offered their written, voluntary consent to participate in
the study. Subjects reported no neurological or psychological diseases and did not take drugs affecting
the central nervous system.

We then asked about the employed prayer/meditation techniques and the trend from which they
originated. This allowed us to identify the two largest groups which remained in the meditation trend
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originating from the Buddhist system (14 people) (Buddhist meditators) and in the Christian prayer
trend (15 people) (Christian meditators).

This study was approved by The Committee for Ethics in Scientific Research of The Institute of
Psychology, Polish Academy of Science (IP.403.31.2020).

2.2. Test Procedure

The tests were conducted at the Electrophysiological Research Laboratory of the Academy of
Physical Education in Katowice. The lab room is well isolated from external disturbing conditions
(sound insulation, dimmed lighting) and electromagnetically shielded. The tests were conducted in
the evening. Participants were asked to refrain from caffeine consumption and smoking for a day,
as well as take care of the quality of their sleep in order to exclude the impact of those factors on the
recording [24].

After the initial interview, the participants would sit in a comfortable chair. An EEG cap with 19
electrodes (24-channel Deymed TruScan apparatus, sampling frequency 1024/second) was applied
to their heads. The electrodes were placed at points selected as per the 10–20 system. Electrode
impedance was kept below 5 kOhm. A 50 Hz line filter, as well as a high-pass and low-pass analog
filter (1 and 40 Hz, respectively), were used. The reference electrode was placed on an earlobe.

Manual analysis was performed of the recording and it was divided into 3-s fragments. Those with
artifacts were removed and it was ensured that each stage contained at least 20 artifact-free parts.
The mean result from those left was subjected to fast Fourier transform using TruScan Explorer
(Deymed Diagnostic).

For the alpha band, we investigated occipital electrodes at sites where the alpha activity is usually
more pronounced. The crossings between the eyes open and eyes closed spectra provide the frequency
boundaries: Lower Transition Frequency and Higher Transition Frequency. The band between them
was determined as alpha. The range below 4 Hz was determined as theta.

The analysis was performed by an experienced electroencephalography specialist with an EEG
license from the Polish Society of Clinical Neurophysiology.

Detailed analysis of the electrical activity of the brain was performed in the frontal lobe at sites
Fp1 (left prefrontal area), Fp2 (right prefrontal area), and Fz (medial frontal area), in the central part of
the head at site Cz (central area above the central sulcus), in the parietal lobe at site Pz (medial area)
and in the occipital lobe at sites O1 (left area) and O2 (right area). These areas were selected as a central
point of clusters suggested by Aftanas [6]. The remaining points were observed in terms of possible
epileptiform discharges.

Experiment procedure

1. Collecting a detailed interview and explaining the course of the experiment.
2. Three minutes of EEG signal recording with open eyes. The patient was instructed to think about

the “here and now”.
3. Three minutes of EEG signal recording with eyes closed. The patient was instructed to think

positively about what will matter-of-factly happen in their lives in the near future, what they
are waiting for, and what they want to happen. After these stages, one of the participants was
excluded due to an epileptiform discharge

4. Meditation/prayer stage with closed eyes. Patients declared how much time they needed. This was
usually around 20–25 min. During this sequence, individuals were left alone, because the person
administering the test would leave the room after the start of the recording and would return
after an agreed amount of time. Both groups of participants indicated the start and finish of their
practices by pressing a button to enable precise data extraction. The recording of this sequence
was checked for artifacts, and the results in which the artifacts significantly distorted the EEG
image were eliminated from the analysis. Six recordings were rejected at this stage.
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5. Relaxation stage, which each time took place under similar conditions, preceded by
meditation/prayer (position, closing of eyes). This part lasted 5 min and started when the
subject expressed their readiness (on average about 3 min after the end of the meditation/prayer).
During this phase, the test facilitator also left the room and signaled its completion after 5 min by
quietly knocking on the door three times. Before leaving the room, the subject was instructed to
think pleasant thoughts about the nice things that they experienced during their lives. A suggestion
was made to recall pleasant events from one’s past. This method of inducing relaxation was
specially selected for the study cohort due to the fact that performing any relaxation techniques
associated with auto suggestion and autogenic or breathing-related techniques, as declared by the
participants, could result in them re-entering a state of meditation/relaxation, in which working
with breathing is mostly the basis and starting point for meditation/prayer. Moreover, the choice
of this form of relaxation was also dictated by the assumption that it should have an active rather
than resting form and it should contain an element of attentiveness and concentration [25].

After analyzing all the data, the records of 10 Subjects belonging to the Buddhist group and 12
Christian meditators could be subjected to further analysis.

6. After the EEG recording, an examination was conducted using the Scale of Spiritual
Transcendence [26]. This tool consists of two subscales: transcendence proper (α = 0.89)
and spiritual openness (α = 0.80).

According to Piedmont, spiritual transcendence is a feature shared by people around the world.
He indicates that spiritual transcendence is the sixth factor of personality.
It includes prayer fulfillment (feeling of joy from contact with transcendent reality), universality

(belief in the unitive nature of life), and connectedness (belief that one is part of a larger human reality,
necessary for maintaining harmony).

Spiritual transcendence is strictly related to religiousness.
Religiousness and spirituality have a strong positive correlation, although they are not

identical [23].
Both sub-scales consist of 11 questions with a possible score of 1 to 4 points each. Thus,

the minimum and maximum possible score in the subscales is 11 and 44 points, respectively (22 and 88
points respectively for the entire scale). Full procedure on flowchart (Figure 1).

Figure 1. Stages of the experiment.
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2.3. Statistical Analysis

The normality distribution was assessed using the Kolmogorov–Smirnov test (for all variables
controlled in the study). The homogeneity of variance was verified using Levene’s test. The equality
of covariance matrices was assessed using Box’s test. The obtained results allowed for applying
parametric tests. Student’s t-test and the analysis of covariance (ANCOVA) were used to determine
the significance of differences. Due to (only) two levels of independent variable measurement within
each effect, no sphericity test was used in the covariance analysis. The significance level was set at
p < 0.05. The effect size was assessed based on the partial η2 or Cohen’s d-factor. Data analysis was
conducted in IBM SPSS Statistics 26 (IBM, Armonk, NY, USA).

3. Results

The mean, standard deviations, as well as the significance of differences (meditation/prayer
vs. relaxation) with regard to the electrophysiological activity of the brain in individuals (EEG),
transcendence, and spiritual openness (Buddhist meditators vs. Christian meditators) are presented
in Table 1. Buddhist meditators demonstrated a statistically significantly higher theta amplitude at
the Cz site during meditation compared to relaxation (d = 0.57). Other comparisons proved to be
statistically insignificant.

In order to test the hypotheses, a 2 (group: Buddhists meditators vs. Christian-based faith) × 2
(measurement level: meditation/prayer vs. relaxation) covariate mixed ANCOVA was conducted.
The covariates included: transcendence and spiritual openness. As a result of the analyses,
no statistically significant main effects were obtained for the group and measurement level factor with
regard to theta and alpha amplitudes in all of the controlled sites. As a result of the analyses, a statistically
significant interaction effect was obtained for the group (Buddhists vs. Christians) ×measurement
level (meditation/prayer vs. relaxation) × spiritual openness factors in the theta amplitude range at Pz,
F (2.17) = 6.61, p = 0.008, η2 = 0.44. Analysis of simple effects showed that spiritual openness favored a
higher theta amplitude at Pz during relaxation in Buddhists (B = 0.46, SE = 0.14, t = 3.36, p = 0.004).
The significant interaction effect is presented in Figure 2 (the severity of the alpha amplitude was also
presented for comparison). The remaining interaction effects proved to be statistically insignificant.

Figure 2. Theta and alpha amplitude at Pz (as per the 10–20 system) in the Buddhist and Christian
groups in conditions of high and low level of spiritual openness.
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Table 1. Mean values regarding EEG, transcendence, and spiritual openness in participants.

Electrophysiological Brain Activity in Participants [µV]

Buddhist Meditators (N = 10)

Meditation Relaxation t(9) p d

M SD M SD

Theta Fp1 6.98 2.50 6.81 3.39 0.29 0.777 0.06

Theta Fp2 6.81 2.86 6.57 2.12 0.25 0.806 0.10

Theta Fz 5.93 1.65 6.04 1.57 −0.17 0.871 −0.07

Theta Cz 4.07 1.18 3.53 0.65 2.33 0.045 0.57

Theta Pz 2.97 0.80 3.41 2.46 −0.55 0.594 −0.24

Theta O1 4.98 1.69 4.00 0.90 1.68 0.126 0.72

Theta O2 3.73 1.60 2.77 1.55 2.22 0.054 0.61

Alpha Fp1 10.99 5.18 9.28 4.38 1.59 0.147 0.36

Alpha Fp2 11.07 5.41 9.02 4.36 1.67 0.130 0.42

Alpha Fz 10.19 5.36 8.66 3.80 1.27 0.235 0.33

Alpha Cz 8.75 5.40 7.73 4.54 1.04 0.326 0.20

Alpha Pz 4.88 2.35 5.23 3.22 −0.58 0.575 −0.12

Alpha O1 5.78 2.76 5.12 2.75 1.83 0.101 0.24

Alpha O2 3.72 1.57 3.59 1.70 0.48 0.641 0.08

Christian-Based Faith (N = 12)

Prayer Relaxation t(11) p d

M SD M SD

Theta Fp1 6.37 1.64 6.01 1.62 0.80 0.439 0.22

Theta Fp2 6.50 1.68 6.47 1.48 0.05 0.965 0.02

Theta Fz 7.38 2.62 6.90 1.45 0.57 0.578 0.23

Theta Cz 4.18 1.27 4.17 1.09 0.05 0.965 0.01

Theta Pz 3.18 1.23 3.00 0.98 0.77 0.458 0.16

Theta O1 6.24 2.09 5.28 0.58 1.59 0.139 0.63

Theta O2 2.92 1.22 3.62 2.96 −1.02 0.332 −0.31

Alpha Fp1 12.67 8.24 11.96 7.88 0.83 0.426 0.09

Alpha Fp2 12.67 8.08 12.09 7.85 0.67 0.517 0.07

Alpha Fz 12.89 8.75 12.19 7.78 0.89 0.393 0.08

Alpha Cz 10.93 8.11 10.16 7.08 1.11 0.290 0.10

Alpha Pz 6.78 4.84 7.06 5.21 −0.47 0.647 −0.06

Alpha O1 6.74 3.47 6.38 4.05 0.80 0.443 0.10

Alpha O2 4.18 2.58 4.34 2.40 −0.57 0.579 −0.06

Psychological Variables

Buddhist
meditators

Christian-based
faith t(20) p d

M SD M SD

Transcendence 36.90 6.56 37.08 4.74 −0.08 0.940 −0.03

Spiritual openness 37.80 4.05 36.17 1.95 1.17 0.265 0.51
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Theta amplitude [µV] M (SD) 1. Buddhist group: a. high level of spiritual openness—meditation
condition = 3.18 (0.98), relaxation condition = 4.78 (2.04); b. low level of spiritual openness—meditation
condition = 2.76 (0.66), relaxation condition = 2.04 (1.01); 2. Christian group: a. high level of spiritual
openness—prayer condition = 3.30 (1.55), relaxation condition = 3.33 (1.02); b. low level of spiritual
openness—meditation condition = 3.05 (0.94), relaxation condition = 2.67 (0.92); Alpha amplitude [µV]
M (SD) 1. Buddhist group: a. high level of spiritual openness—meditation condition = 5.66 (2.36),
relaxation condition = 6.20 (4.09); b. low level of spiritual openness—meditation condition = 4.10 (2.31),
relaxation condition = 4.26 (2.05); 2. Christian group: a. high level of spiritual openness—prayer
condition = 7.55 (4.91), relaxation condition = 7.53 (4.39); b. low level of spiritual openness—meditation
condition = 6.01 (4.97), relaxation condition = 6.59 (4.35).

4. Discussion

In our study, Buddhist meditators exhibited a statistically significantly higher theta amplitude
at Cz during meditation compared to relaxation. Spiritual openness in them favored a higher theta
amplitude at Pz during relaxation. Our study did not indicate significant differences in frontal areas
which were often indicated in previous studies.

Researchers differ in their opinions as to which frequency is most characteristic and most relevant
for the state of meditation/prayer.

When comparing the electrophysiological activity of meditation and relaxation, Lagopoulos
revealed elevated values of alpha (in the posterior region) and theta (in the frontal and temporal-central
regions) during meditation. Meanwhile, our analysis exhibited only an increase in the theta value at
site Cz during meditation. These differences may stem from the different instructions that were given at
the relaxation stage. Lagapoulos compared brain activity during meditation to a state of full relaxation
understood as complete inactivity. In contrast, our study took meditation as a state of relaxation with a
peaceful focus of one’s thoughts (on past, pleasant experiences). In this state, no strong emotions are
evoked and the attention processes are not engaged that much, yet they are still targeted. In other
words, in this context brain activity in our study was deprived of elements of spirituality [14]. Faber’s
work also refers to comparing meditation with relaxation understood as inactivity. This difference may
explain why we do not exhibit differences in alpha and theta activity, reported by the author [10].

Takahashi et al. revealed that during meditation there occurs an increase of theta high-frequency
power and alpha low-frequency power in frontal brain areas, not observed by us [7]. However, also here
we notice considerable methodological differences. The first one is the aforementioned difference in
the relaxation stage. Moreover, in Takahashi, all participants came in contact with meditation for the
first time. The last difference involves the manner of meditation, based on breath control [27].

Meanwhile, Aftanas indicated differences in alpha and theta increases during meditation among
people with and without practicing experience. We could not make such observations due to an
insufficient number of group members [6].

Our results are an interesting complementation of these reports. Under the conditions we created,
where prayer/meditation was compared to targeted relaxation, we found no significant differences
between groups regarding the alpha and theta bands. Such differences could be expected if these were
processes related to open monitoring. This does not preclude the possibility of stating changes in the
gamma band, which, however, need to be commented on with the objections raised in the introduction.
Such observations were also made with regard to the prayers of Islam followers [28].

An interesting observation involves a higher theta during Buddhist meditation at Pz together
with a high level of spiritual openness. The power of the theta band increases together with an increase
of requirements pertaining to the tasks and is related to orientation, attention, memory, and affective
processing mechanisms. Following Walker et al., electrophysiological activity from site Pz may be
linked to cognitive processing, praxis, and spatial functions [29].



Int. J. Environ. Res. Public Health 2020, 17, 9567 9 of 10

Spiritual openness, in turn, includes positively valued aspects of spirituality: respect for others,
satisfaction with what life brings, and tolerance of ambiguity. This aspect seems more stressed in the
Buddhist current, although no obvious link can be noticed here.

We believe that more research on this topic is necessary. In our opinion, meditation tasks should be
referred not to inactivity, but to similar brain activity, yet without an element of spirituality. We believe
that future studies should be expanded by a placebo group and individual alpha activity.

5. Conclusions

In our study, Buddhist meditators exhibited a statistically significantly higher theta amplitude
at Cz during meditation compared to relaxation. Spiritual openness in them favored a higher theta
amplitude at Pz during relaxation. Our study did not indicate significant differences in frontal areas
which were often indicated in previous studies.

Author Contributions: P.D. and M.B., conceived the presented idea; M.B., developed the theory; M.B. and P.D.,
conceived and planned the experiments; M.B., carried out the experiment; S.S., performed the computations;
P.D. and S.S., contributed to the interpretation of the results; P.D., wrote the manuscript with support from S.S.
All authors have read and agreed to the published version of the manuscript.

Funding: The authors declare that this research was not externally funded.

Conflicts of Interest: The authors do not declare any conflict of interest.

References

1. Tang, Y.-Y.; Posner, M.I.; Rothbart, M.K. Meditation improves self-regulation over the life span. Ann. N. Y.
Acad. Sci. 2014, 1307, 104–111. [CrossRef] [PubMed]

2. Braboszcz, C.; Cahn, B.R.; Levy, J.; Fernandez, M.; Delorme, A. Increased Gamma Brainwave Amplitude
Compared to Control in Three Different Meditation Traditions. PLoS ONE 2017, 12, e0170647. [CrossRef]
[PubMed]

3. Travis, F.; Shear, J. Focused attention, open monitoring and automatic self-transcending: Categories to
organize meditations from Vedic, Buddhist and Chinese traditions. Conscious. Cogn. 2010, 19, 1110–1118.
[CrossRef] [PubMed]

4. Nash, J.D.; Newberg, A.B. Toward a unifying taxonomy and definition for meditation. Front. Psychol. 2013,
4, 806. [CrossRef]

5. Lippelt, D.P.; Ehommel, B.; Colzato, L.S. Focused attention, open monitoring and loving kindness meditation:
Effects on attention, conflict monitoring, and creativity—A review. Front. Psychol. 2014, 5, 1083. [CrossRef]

6. Aftanas, L.I.; Golocheikine, S. Human anterior and frontal midline theta and lower alpha reflect emotionally
positive state and internalized attention: High-resolution EEG investigation of meditation. Neurosci. Lett.
2001, 310, 57–60. [CrossRef]

7. Takahashi, T.; Murata, T.; Hamada, T.; Omori, M.; Kosaka, H.; Kikuchi, M.; Yoshida, H.; Wada, Y. Changes
in EEG and autonomic nervous activity during meditation and their association with personality traits.
Int. J. Psychophysiol. 2005, 55, 199–207. [CrossRef]

8. Adams, H.; Kleider-Offutt, H.M.; Bell, D.; Washburn, D.A. The effects of prayer on attention resource
availability and attention bias. Relig. Brain Behav. 2017, 7, 117–133. [CrossRef]

9. Lutz, A.; Slagter, H.A.; Dunne, J.D.; Davidson, R.J. Attention regulation and monitoring in meditation.
Trends Cogn. Sci. 2008, 12, 163–169. [CrossRef]

10. Faber, E. The neural correlates of two forms of spiritual love: An EEG study. BioRxiv 2016. [CrossRef]
11. Lehmann, D.; Faber, P.; Achermann, P.; Jeanmonod, D.; Gianotti, L.R.; Pizzagalli, D. Brain sources of EEG

gamma frequency during volitionally meditation-induced, altered states of consciousness, and experience of
the self. Psychiatry Res. Neuroimaging 2001, 108, 111–121. [CrossRef]

12. Hipp, J.; Siegel, M. Dissociating neuronal gamma-band activity from cranial and ocular muscle activity in
EEG. Front. Hum. Neurosci. 2013, 7, 338. [CrossRef] [PubMed]

13. Kober, S.E.; Witte, M.; Ninaus, M.; Koschutnig, K.; Wiesen, D.; Zaiser, G.; Neuper, C.; Wood, G. Ability to
Gain Control Over One’s Own Brain Activity and its Relation to Spiritual Practice: A Multimodal Imaging
Study. Front. Hum. Neurosci. 2017, 11, 271. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/nyas.12227
http://www.ncbi.nlm.nih.gov/pubmed/24033306
http://dx.doi.org/10.1371/journal.pone.0170647
http://www.ncbi.nlm.nih.gov/pubmed/28118405
http://dx.doi.org/10.1016/j.concog.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20167507
http://dx.doi.org/10.3389/fpsyg.2013.00806
http://dx.doi.org/10.3389/fpsyg.2014.01083
http://dx.doi.org/10.1016/S0304-3940(01)02094-8
http://dx.doi.org/10.1016/j.ijpsycho.2004.07.004
http://dx.doi.org/10.1080/2153599X.2016.1206612
http://dx.doi.org/10.1016/j.tics.2008.01.005
http://dx.doi.org/10.1101/045898
http://dx.doi.org/10.1016/S0925-4927(01)00116-0
http://dx.doi.org/10.3389/fnhum.2013.00338
http://www.ncbi.nlm.nih.gov/pubmed/23847508
http://dx.doi.org/10.3389/fnhum.2017.00271
http://www.ncbi.nlm.nih.gov/pubmed/28596726


Int. J. Environ. Res. Public Health 2020, 17, 9567 10 of 10

14. Lagopoulos, J.; Xu, J.; Rasmussen, I.; Vik, A.; Malhi, G.S.; Eliassen, C.F.; Arntsen, I.E.; Sæther, J.G.; Hollup, S.;
Holen, A.; et al. Increased Theta and Alpha EEG Activity During Nondirective Meditation. J. Altern.
Complement. Med. 2009, 15, 1187–1192. [CrossRef]

15. Varela, F.; Lachaux, J.-P.; Rodriguez, E.; Martinerie, J. The brainweb: Phase synchronization and large-scale
integration. Nat. Rev. Neurosci. 2001, 2, 229–239. [CrossRef]

16. Razumnikova, O.M. Creativity related cortex activity in the remote associates task. Brain Res. Bull. 2007, 73,
96–102. [CrossRef]

17. Paszkiel, S.; Szpulak, P. Methods of Acquisition, Archiving and Biomedical Data Analysis of Brain Functioning.
In Biomedical Engineering and Neuroscience. BCI 2018. Advances in Intelligent Systems and Computing; Hunek, W.,
Paszkiel, S., Eds.; Springer: Cham, Switzerland, 2018; Volume 720. [CrossRef]

18. Glicksohn, J.; Berkovich-Ohana, A. From Trance to Transcendence: A Neurocognitive Approach. J. Mind Behav.
2011, 32, 49–62.

19. Rodriguez-Larios, J.; Faber, P.L.; Achermann, P.; Tei, S.; Alaerts, K. From thoughtless awareness to effortful
cognition: Alpha-theta cross-frequency dynamics in experienced meditators during meditation, rest and
arithmetic. Sci. Rep. 2020, 10, 5419. [CrossRef]

20. Pfurtscheller, G.; Stancák, A.; Neuper, C. Event-related synchronization (ERS) in the alpha band—An
electrophysiological correlate of cortical idling: A review. Int. J. Psychophysiol. 1996, 24, 39–46. [CrossRef]

21. Cavanagh, J.F.; Frank, M.J. Frontal theta as a mechanism for cognitive control. Trends Cogn. Sci. 2014, 18,
414–421. [CrossRef]

22. Wahbeh, H.; Sagher, A.; Back, W.; Pundhir, P.; Travis, F. A Systematic Review of Transcendent States Across
Meditation and Contemplative Traditions. Explore 2018, 14, 19–35. [CrossRef] [PubMed]

23. Piedmont, R. Spiritual transcendence and the scientific study of spirituality. J. Rehabil. 2001, 67, 4–14.
24. Niedermeyer, E.; da Silva Lopez, F.H. Electroencephalography: Basic Principles, Clinical Applications, and Related

Fields; Lippincott Williams & Wilkins: Philadelphia, PA, USA, 2017.
25. Keller, B.; Stevens, L.; Lui, C.; Murray, J.; Yaggie, M. The Effects of Bilateral Eye Movements on EEG Coherence

When Recalling a Pleasant Memory. J. EMDR Pr. Res. 2014, 8, 113–128. [CrossRef]
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