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Abstract Meditation is a self-induced and willfully ini-

tiated practice that alters the state of consciousness. The

meditation practice of Zazen, like many other meditation

practices, aims at disregarding intrusive thoughts while

controlling body posture. It is an open monitoring medi-

tation characterized by detached moment-to-moment

awareness and reduced conceptual thinking and self-ref-

erence. Which brain areas differ in electric activity during

Zazen compared to task-free resting? Since scalp electro-

encephalography (EEG) waveforms are reference-depen-

dent, conclusions about the localization of active brain

areas are ambiguous. Computing intracerebral source

models from the scalp EEG data solves this problem. In the

present study, we applied source modeling using low res-

olution brain electromagnetic tomography (LORETA) to

58-channel scalp EEG data recorded from 15 experienced

Zen meditators during Zazen and no-task resting. Zazen

compared to no-task resting showed increased alpha-1 and

alpha-2 frequency activity in an exclusively right-lateral-

ized cluster extending from prefrontal areas including the

insula to parts of the somatosensory and motor cortices and

temporal areas. Zazen also showed decreased alpha and

beta-2 activity in the left angular gyrus and decreased beta-

1 and beta-2 activity in a large bilateral posterior cluster

comprising the visual cortex, the posterior cingulate cortex

and the parietal cortex. The results include parts of the

default mode network and suggest enhanced automatic

memory and emotion processing, reduced conceptual

thinking and self-reference on a less judgmental, i.e., more

detached moment-to-moment basis during Zazen compared

to no-task resting.

Keywords Zen meditation � Zazen � EEG � LORETA �
No-task resting � Source modeling

Introduction

Meditation is a volitionally self-induced practice that alters

the state of consciousness. Many different practices exist.

They usually involve the regulation of attention, awareness

and emotion (Raffone and Srinivasan 2010; Shapiro and

Walsh 2003). Attempts have been made to classify the

many different meditation practices into useful categories.

Based on their focus of attention, meditation practices have

been classified as either focused attention or open moni-

toring practices (Dunn et al. 1999; Lutz et al. 2008; Raff-

one and Srinivasan 2010). The former put the focus of

attention on one chosen object, whereas the latter train an

effortless, open and nonjudgmental awareness in the pres-

ent moment.

Where does the Zen-Buddhism practice of Zazen fit in?

In many meditation practices, specific instructions are
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given such as attending to or counting one’s breath, or

continually repeating a visual or auditory mantra, or doing

repetitive limb or body movements, or assuming certain

body positions. The classical instruction for the practice of

Zazen is ‘‘sitting fixedly, think of not thinking. How do you

think of not thinking? Nonthinking. This is the art of Za-

zen’’ (Zazen gi: Dogen 1243/2001). Zazen, like other

meditation practices, aims at disregarding any intrusive

thoughts (Cahn and Polich 2006) arising from memory or

outside sources. It favors the detached mindful perception

of the ongoing moment-to-moment experience (Austin

2013), which leads to a calm awareness that in turn allows

for the emergence of undisturbed introspective memory

processes (Austin 2011). Zazen belongs to those meditation

practices that have been described as means to recognize

the nature of emotional and cognitive patterns (Lutz et al.

2008; Raffone and Srinivasan 2010). It is also character-

ized by reduced conceptual processing and self-reference

(Pagnoni et al. 2008). Based on these descriptions and the

obvious emphasis on aspects of open monitoring, Zazen

can be considered a typical open monitoring practice.

Zazen is subjectively different from simple non-medi-

tative no-task resting. While the task-free resting state is

characterized by mind wandering, Zazen is characterized

by reduced conceptual thinking and self-reference,

momentary awareness and the active upholding (executive

control) of detachment from spontaneous mentation and

perceptions. Also, Zazen requires continual control of the

sitting posture. The question arises: Given that higher brain

functions are incorporated by networks of activated local

brain areas (Britz et al. 2010; Laufs et al. 2003; Mesulam

1990), what is the localization of the brain areas whose

activity differs between the state of consciousness reached

during Zazen and the state of consciousness during non-

meditative no-task resting? Open monitoring in general can

be expected to engage brain areas implicated in monitor-

ing, vigilance and the disengagement of attention from

distracting perceptions, and brain areas implicated in in-

teroception as well as in the regulation of emotional pro-

cesses (Lutz et al. 2008). A side issue is whether meditation

experience affects the activity of these brain areas during

Zazen and resting.

The ‘‘default mode of brain function’’ (Raichle et al.

2001) describes a resting state network more active during

waking rest than during specific goal-directed behaviors.

This default mode network (DMN) consists of regions in

the medial prefrontal cortex, the posterior cingulate cortex

(PCC) and precuneus, the angular gyrus and the left

superior and middle frontal gyri, hippocampus and para-

hippocampus (Buckner et al. 2008, Gusnard et al. 2001,

Raichle et al. 2001). The brain areas constituting the DMN

are of special interest for the study of meditation as their

activity has been linked to mind wandering (Mason et al.

2007), episodic memories (Buckner et al. 2008; Greicius

et al. 2004) and conceptual processing (Binder et al. 1999),

all important for maintaining the sense of self (Gusnard

et al. 2001; Lou et al. 2004). As all these processes are

affected by meditation, the DMN brain regions are key

areas where brain electric differences between Zazen and

no-task resting would be expected.

When assessing brain activity, electroencephalography

(EEG) recommends itself over other techniques (e.g.,

fMRI, PET and NIRS), because the very high time reso-

lution of EEG makes it possible to distinguish inhibiting

from facilitating brain activity. With increasing wave fre-

quency, the functional significance of EEG waveshapes

changes from inhibition to routine functioning to facilita-

tion (Makeig and Jung 1995; Niedermeyer and Lopes da

Silva 2005; O’Gorman et al. 2013).

Several studies reported EEG findings concerning Zazen

meditation compared to resting (Becker and Shapiro 1981;

Kasamatsu and Hirai 1966; Murata et al. 1994) and con-

cerning other Zen meditations practicing attention to

breathing (Huang and Lo 2009; Kubota et al. 2001; Takah-

ashi et al. 2005; Yu et al. 2011). Most of these studies found

an increase of alpha and theta EEG frequency activity during

meditation. All of these studies analyzed scalp recorded EEG

waveshapes and therefore conclusions about activations of

brain areas derived from these analyses are problematic.

Localization of brain activity based on scalp EEG

waveshape analysis has been criticized because the recor-

ded EEG waveshapes depend on the chosen recording

reference (there is no zero reference, Geselowitz 1998). As

a solution, the computation of intracerebral source models

from scalp EEG data has been proposed (Ruchkin 2005).

EEG-based source modeling has been applied to medi-

tation data in several studies. During concentration medi-

tation, compared to resting increased beta frequency activity

and decreased gamma activity was reported (Lavallee et al.

2011). During transcendental meditation, increased alpha

frequency activity and decreased beta activity was observed

(Travis et al. 2010; Yamamoto et al. 2006).

To our knowledge, the present study is the first to use

source modeling to analyze multichannel EEG data to

localize the active brain areas during Zazen and no-task

resting. We use a well-validated method that implements

source model computation of scalp EEG data: low reso-

lution brain electromagnetic tomography (LORETA;

Pascual-Marqui et al. 1994, 1999).

We hypothesized that Zazen and resting will activate

different brain areas. Based on the above reviewed mod-

ulation of processes concerning memory, emotion, con-

ceptual thinking, self-reference and detached momentary

awareness during Zazen, we specifically hypothesized that

source localization differences between the Zazen medi-

tation state and the no-task resting state comprise brain
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areas that are part of the DMN: the PCC, precuneus,

angular gyrus, hippocampus and parahippocampus. We

expected these areas to show decreased facilitatory activity

during Zazen. We also expected brain areas involved in

monitoring body posture (sensory and motor areas) to show

increased facilitatory activity during Zazen.

Materials and methods

Participants

Experienced meditators were recruited at a local Soto Zen

meditation center in Zurich (Zen Dojo Zürich, www.zen.

ch). Multichannel EEG was recorded from 15 meditators (9

males). Their mean age was 42 years (SD 7.9; range

29–56). Their mean experience in Zen meditation was

12.3 years (SD 5.6; range 5–21). Each participant received

CHF 40 as financial compensation. All participants were

right-handers. All reported no previous or current psychi-

atric diagnosis, head trauma or drug usage, and none used

any centrally active medication. After complete informa-

tion about the study design, all participants gave their

written consent. The study was approved by the local

Ethics Committee and thus conforms to the ethical stan-

dards of the 1964 Declaration of Helsinki.

Recording conditions

The EEG was recorded during the following conditions:

(1) Initial resting: The participants were sitting comfort-

ably in a chair with arm- and backrest. Duration: 4 min

(20 s eyes open, 40 s eyes closed, repeated four

times). This design was used to avoid that participants

became sleepy during this resting condition. Only the

eyes closed data were used for analysis.

(2) Zazen: The participants were sitting on a meditation

cushion (zafu) in a full or part Lotus position with

their hands held together in front of the navel. They

sat about 1 m from the unstructured, gray wall of the

dimly lit recording chamber with their eyes two-

thirds closed. Duration: 60 min.

(3) Final resting: same as condition (1) initial resting.

EEG recording and questionnaires

The EEGs were recorded at the University Hospital of

Psychiatry, Zurich, in a sound and electrically shielded

EEG chamber. A total of 58 electrodes were placed on the

scalp with an ‘‘Easy Cap’’ (Easycap, Herrsching-Breitb-

runn, Germany) using the following locations according to

the International 10–10 system (Nuwer et al. 1998): Fp1/2,

AF7/8, AF3/4, AFz, F7/8, F5/6, F3/4, F1/2, Fz, FT7/8,

FC5/6, FC3/4, FCz, T7/8, C5/6, C3/4, C1/2, Cz (reference),

TP7/8, CP5/6, CP3/4, CP1/2, CPz, P7/8, P5/6, P3/4, P1/2,

Pz, PO7/8, PO3/4, POz, O1/2, Oz. Horizontal and vertical

eye movements were recorded with electrodes at the left

and right outer canthi and left infraorbital. Impedances

were kept below 5 kX. The signals were amplified, band

passed from 0.5 to 100 Hz and digitized at 250 samples/s

using a 64-channel EEG/ERP system (M&I Ltd., Prague,

Czech Republic).

During the application of the electrodes, the participants

filled out three questionnaires. One questionnaire asked

about past head traumata, psychiatric illnesses, drug abuse

and medication and asked for gender, age, education and

Zen meditation experience. A questionnaire (Chapman and

Chapman 1987) determined the handedness; all partici-

pants were right-handed (mean score = 13.6, SD = 1.02).

Data conditioning

Off-line, the EEG data were carefully reviewed using the

BrainVision Analyzer software (Brain Products, Munich,

Germany). Eye-movement artifacts were corrected using

independent component analysis. EEG data containing

muscle, movement and/or technical artifacts were marked;

noisy channels were linearly interpolated. All artifact-free

data were parsed into 2 s epochs for analysis. On average,

119 s (SD = 18.1) of EEG data were available per par-

ticipant for the initial resting condition, 114 s (SD = 32.8)

for final resting condition and 1632 s = 27.2 min

(SD = 692 s = 11.5 min) for the Zazen condition.

Data analysis

Intracortical functional source localization

The 58-channel EEG data were analyzed using the sLO-

RETA software version (standardized low resolution brain

electromagnetic tomography, Pascual-Marqui 2002; free

academic software available at http://www.uzh.ch/keyinst/

loreta.htm) of the LORETA functional tomography ana-

lysis approach (Pascual-Marqui et al. 1994, 1999). sLO-

RETA is a properly standardized discrete, linear, minimum

norm, inverse solution that yields images of standardized

current density with exact localization (Pascual-Marqui

2009), albeit with low resolution. sLORETA images con-

sist of standardized current density at each of 6,239 cortical

voxels (spatial resolution 5 mm) in Montreal Neurological

Institute (MNI) space (Evans and Collins 1993).

sLORETA functional images were computed for each

subject and condition separately in each of the seven

classical independent frequency bands (Kubicki et al. 1979;

Niedermeyer and Lopes da Silva 2005, p. 1234): delta
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(1.5–6 Hz), theta (6.5–8 Hz), alpha-1 (8.5–10 Hz), alpha-2

(10.5–12 Hz), beta-1 (12.5–18 Hz), beta-2 (18.5–21 Hz)

and beta-3 (21.5–30 Hz) and in an additional eighth

gamma frequency band (35–44 Hz), since this band

reportedly is of interest in meditation research (Lehmann

et al. 2001, 2012; Lutz et al. 2004).

All testing was done on the frequency band-wise nor-

malized and log-transformed sLORETA images. Initial

resting and final resting were compared using classical

voxel-wise t tests. Correction for multiple testing was

applied using nonparametric randomization (Nichols and

Holmes 2002) implemented in the sLORETA software

package. The two resting conditions did not differ signifi-

cantly in any of the eight frequency bands. Therefore, for

further comparisons, the sLORETA functional images for

initial resting and final resting were averaged per subject

and frequency band into a combined ‘‘resting’’ condition.

Zazen was then compared to resting using the same t test

procedure with correction for multiple testing as above.

Significant voxels were attributed to the corresponding

Brodmann areas (‘‘BAs’’). BAs are reported using the MNI

space with correction to Talairach space (Brett et al. 2002).

Correlations with meditation experience and age

Correlations (Pearson’s r) were computed between partic-

ipants’ years of meditation experience and age and the

sLORETA source localization results for Zazen and rest-

ing. Correction for multiple testing (Nichols and Holmes

2002) was applied.

Fig. 1 Comparison of brain activity during Zazen and resting. Glass

brain views, from left to right: axial, sagittal and coronal views. Left

column: Zazen had stronger activity than resting in the alpha-1 and

alpha-2 EEG frequency bands. Right column: resting had stronger

activity than Zazen in the alpha-1, alpha-2, beta-1 and beta-2 EEG

frequency bands. Dark voxels: Differences between Zazen and resting

at p \ 0.05 after correction for multiple testing. Light voxels:

sLORETA voxel space (MNI; left to right: -70 to ?70 mm;

posterior to anterior: -100 to ?65 mm; inferior to superior: -45 to

?70 mm)
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Results

Intracortical functional source localization

The sLORETA analysis revealed significant differences

between Zazen and resting at p \ 0.05 after correction for

multiple testing. The t threshold required for significance

was t = 5.86. The following results met this threshold.

Current density in the alpha-1 and alpha-2 frequency

bands increased during Zazen compared to resting in a

large anterior right-hemispheric cluster as illustrated in

Fig. 1. Table 1 specifies the number of significant voxels,

Table 1 sLORETA frequency band results of the comparison of Zazen versus resting

BA Region Zazen more than resting Zazen less than resting

LH M RH Total LH M RH Total

A1 A2 A1 A2 A1 A2 A1 A2 A1 A2 A1 A2

Alpha-1 and alpha-2 frequency bands

3 Primary somatosens. cortex – – – – 1 4 5 – – – – – – –

4 Primary motor cortex – – – – 5 – 5 – – – – – – –

6 Supplementary motor area – – – – 17 11 28 – – – – – – –

9 Dorsolateral prefrontal cortex – – – – 5 1 6 – – – – – – –

10 Anterior prefrontal cortex – – – – – 10 10 – – – – – – –

11 Orbitofrontal area – – – – – 15 15 – – – – – – –

13 Insular cortex – – – – 55 26 81 – – – – – – –

19 Associative visual cortex – – – – – – – 1 – – – – – 1

20 Inferior temporal gyrus – – – – – 1 1 – – – – – – –

21 Middle temporal gyrus – – – – – 11 11 – – – – – – –

22 Superior temporal gyrus – – – – 5 3 8 – – – – – – –

38 Temporopolar area – – – – – 54 54 – – – – – – –

39 Angular gyrus – – – – – – – 24 10 – – – – 34

42 primary auditory cortex – – – – 1 – 1 – – – – – – –

43 Primary gustatory cortex – – – – 11 – 11 – – – – – – –

44 pars opercularis of Broca – – – – 28 26 54 – – – – – – –

45 pars triangularis of Broca – – – – 25 27 52 – – – – – – –

46 Dorsolateral prefrontal cortex – – – – 8 23 31 – – – – – – –

47 Inferior prefontal gyrus – – – – 10 80 90 – – – – – – –

B1 B2 B1 B2 B1 B2 Total B1 B2 B1 B2 B1 B2 Total

Beta-1 and beta-2 frequency bands

7 Somatosensory assoc. cortex – – – – – – – 14 11 8 6 55 25 119

17 Primary visual cortex – – – – – – – 16 23 – – 12 4 55

18 Secondary visual cortex – – – – – – – 72 88 16 13 65 39 293

19 Associative visual cortex – – – – – – – 19 61 1 – 54 37 172

22 Superior temporal gyrus – – – – – – – – – – – – 2 2

23 Ventral posterior cingulate – – – – – – – 4 4 7 7 11 10 43

27 Parahippocampal gyrus – – – – – – – – 2 – – – 5 7

29 Retrosplenial cingulate – – – – – – – 4 5 – – 4 4 17

30 Part of cingulate cortex – – – – – – – 28 36 3 3 32 39 141

31 Dorsal posterior cingulate – – – – – – – 35 32 10 8 51 42 178

35 Perirhinal cortex – – – – – – – – – – – – 1 1

36 Parahippocampal cortex – – – – – – – – – – – – 2 2

39 Angular gyrus – – – – – – – – 3 – – 5 9 17

Listed are the numbers of significant voxels by Brodmann area (BA), anatomical region and frequency bands (A1 = alpha-1, A2 = alpha-2,

B1 = beta-1, B2 = beta-2)

LH left hemisphere, M midline, RH right hemisphere
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the BAs and brains regions which extended from prefrontal

areas including the insula to parts of the somatosensory and

motor cortices. In the alpha-2 band, the cluster additionally

included anterior temporal areas. There also was a small

cluster in the left angular gyrus where alpha-1 and alpha-2

activity decreased.

Current density in the beta-1 and beta-2 frequency bands

decreased in a large bilateral posterior cluster during Zazen

compared to resting (Fig. 1). Table 1 shows that about

60 % of all voxels in this cluster were located in the visual

cortices and in the somatosensory association cortex that

includes the precuneus. The other nearly 40 % were loca-

ted in the posterior cingulate cortex (PCC).

Correlations with meditation experience and age

Neither meditation experience nor participants’ age corre-

lated significantly with the current density values of the

sLORETA tomographies in Zazen or resting in any of the

eight frequency bands.

Discussion

As hypothesized, Zazen compared to resting showed sig-

nificant differences in activated brain areas. Differences

concerned primarily increased right-hemispheric activity in

the EEG alpha frequency bands and decreased bilateral

posterior activity in the EEG beta frequency bands. Con-

trary to various earlier reports on EEG changes in medi-

tation (Cahn and Polich 2006; Lutz et al. 2004), no effects

in theta and gamma frequency bands were observed.

The functional significance of the EEG alpha frequency

band activity is discussed controversially (Bazanova and

Vernon 2013). Power in the alpha bands increases with

internally directed attention (Cooper et al. 2003) and in a

relaxed state of alert wakefulness (Işoğlu-Alkaç and Strüber

2006; Klimesch 1999; Müller et al. 1999). Alpha activity

also increases with active memory processes (Palva and

Palva 2007) and during sensory processing (Schürmann

et al. 1997). The alpha rhythm was also reported to reflect

the anticipatory processing of events (Karakas 1997;

Klimesch 1999). These functions are in line with the med-

itator’s stance of open monitoring during Zazen, that is of

an alert wakefulness, expecting events such as thoughts

(arising from memory) or sensory perceptions (e.g., body

posture or external noises) to spontaneously occur with the

intention of only witnessing them without further process-

ing, i.e., without ‘‘getting attached’’ to them (see Austin

2013). We note that task-related posterior alpha reportedly

implements an inhibitory function (e.g., Klimesch et al.

2007). But during Zazen compared to resting, we observed

increased anterior and temporal alpha activity.

The observed increased alpha activity during Zazen

exclusively concerned the right hemisphere. The right

hemisphere has been linked to emotion processing (e.g.,

Keil et al. 2001; Laurian et al. 1991; Zhang and Zhou

2014). The right insula (BA 13), the right superior temporal

gyrus (BA 22) and the right middle and superior frontal

sulci (BAs 9 and 10) showed increased alpha activity

during Zazen; these areas are part of the emotion circuitry

of the brain (Gray et al. 2002; Lutz et al. 2008). BAs 9, 10

and 13 were also found to be thicker in experienced

meditators (Lazar et al. 2005).

Increased alpha activity in the prefrontal cortex (BAs

44, 45, 46 and 47), the insula (BA 13) and the somato-

sensory cortex (BA 3) as observed in our analysis pre-

sumably is related to self-reference based on momentary

experience (Farb et al. 2007). This is in line with Austin’s

(2013) description of the Zazen practice as favoring the

momentary experience. According to Austin, this leads to a

calming of the awareness which allows introspective

memory processes to emerge. Right prefrontal and insular

areas were reported to be engaged in response inhibition

(Dambacher et al. 2014; Eckert et al. 2009). Thus, in

addition to the focus on momentary experience, the

increased right prefrontal and insular alpha activity also

agrees with an increased executive control needed for

upholding the detached non-discursive mental state during

Zazen.

The increased alpha activity in sensory and motor-

related areas (BAs 3, 4, 6) in our results might reflect the

increased moment-to-moment proprioception, including

automatic information processing on body posture while

sitting erect on a meditation cushion during Zazen.

In sum, the increased right-hemispheric alpha activity

during Zazen thus on the one hand confirms our hypothesis

of increased memory and emotion processing during

meditation, and on the other hand reflects the present-

centeredness of experience and the maintenance of a

detached non-discursive stance during meditation.

About 60 % of the voxels with decreased beta fre-

quency band activity during Zazen were in the visual

cortices (BAs 17, 18, 19) and in BA7 that includes the

precuneus, encompassing the dorsal visual stream (Un-

gerleider and Mishkin 1982). The reduction in activity in

BAs 17, 18 and 19 during Zazen suggests reduced visual

imagery (Kosslyn et al. 1993, 1999). This is especially

noteworthy since our practitioners had their eyes only two-

thirds closed during Zazen compared to having them

completely closed during resting. The precuneus has been

reported to be involved in self-related mental imagery

(Cavanna and Trimble 2006). The reduced activation of

this dorsal visual stream during meditation might reflect

the decreased need of vision-for-action (Goodale 2011;

Goodale and Milner 1992).
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The other nearly 40 % of the voxels showing decreased

beta activity during Zazen were located in the posterior

cingulate cortex (PCC; BAs 23, 29, 30 and 31). The

deactivation of this important hub of the DMN has been

related to effortless awareness (Garrison et al. 2013a) and

was also found deactivated in an fMRI study during

focused attention meditation (Garrison et al. 2013b). PCC

deactivation reportedly reflects increased present-centered

awareness, whereas PCC activation is related to being

caught up in mental content and is associated with

decreased attention (Brewer et al. 2013). Our results thus

suggest that during meditation the practitioners are less

engaged in their thoughts and more centered in the present

moment. Unfortunately, in the present study, no subjective

reports were gathered about mentation during Zazen and

resting, which makes this interpretation tentative. On the

other hand, an attentive, yet detached present-centeredness

and a reduced amount of spontaneous thoughts correspond

to reported descriptions of the subjective experience during

Zazen meditation (Austin 2013). It has been suggested that

the PCC implements evaluation or judgment of experience

(Legrand and Ruby 2009; Qin and Northoff 2011). Thus,

the PCC deactivation during Zazen also fits the description

of greater detachment from perceptions claimed to be

present during meditation.

The angular gyrus (BA39) showed decreased activity in

the alpha (left hemispheric) and beta (bilateral) frequency

bands during Zazen. The angular gyrus is an important hub

of the posterior part of the DMN which has been shown to

be active during memory-based decision making (Sestieri

et al. 2011) and semantic processing (Seghier et al. 2010).

In a lexical decision task (discriminating words from

nonwords) including the instruction to refocus on breathing

after each decision, Zen meditators showed a shortened

post-stimulus tail and decreased post-stimulus left angular

gyrus BOLD activity compared to controls (Pagnoni et al.

2008). This was interpreted as indicating a faster refocus-

ing of attention on the breath in meditators and a reduction

in conceptual processing. A reduction in conceptual pro-

cessing might be an indicator for non-dual awareness

during Zazen, thus adding an aspect to Zazen outside the

classification as an open monitoring practice (Josipovic

2010; Travis and Shear 2010a, b). Future research needs to

take into account subjective reports in order to get infor-

mation on the dual versus non-dual aspect of experience

during the practice of Zazen.

In sum, the posterior alpha and beta decreases suggest

an increased present-centeredness that is detached, non-

judgmental and non-discursive with reduced semantic

processing and self-reference during Zazen compared to

resting.

How do our results compare to those based on similar

analysis methods and concerning other meditation

practices? There are only three studies that tested practic-

ing meditation versus no-task resting and that used intra-

cerebral EEG source analysis (Lavallee et al. 2011; Travis

et al. 2010; Yamamoto et al. 2006). The practice in the

study on concentration meditation (Lavallee et al. 2011)

obviously would be classified as focused attention medi-

tation, whereas our Zazen practice is an open monitoring

meditation (Lutz et al. 2008). The practice used in the

studies on transcendental meditation (Travis et al. 2010;

Yamamoto et al. 2006) would be classified as automatic

self-transcending meditation in another classification

scheme (Travis and Shear 2010a). Our present results were

different from both concentration on breathing and from

transcendental meditation.

We note that age and meditation experience of the

participants did not correlate significantly with our sLO-

RETA current density images during Zazen or resting in

any frequency band. Other studies have reported correla-

tions between meditation experience and brain electric

measures in some but not all frequency bands (e.g., Cahn

et al. 2010; Lutz et al. 2004; Murata et al. 1994; Travis and

Arenander 2006). Berkovich-Ohana et al. (2012) did not

find a correlation with experience in their EEG gamma

band study, while Brefczynski-Lewis et al. (2007) reported

an inverted U-shaped dependence of results on experience,

with very experienced meditators having again minimal

effects on results. One possible explanation for our lack of

correlations with experience could be due to our sample of

participants consisting of experienced meditators only:

There were no beginners, and the least experienced par-

ticipant had already 5 years of meditation experience. A

wider range of meditation experience might have been

informative.

A potential limitation of the present study concerns the

resting state of our meditators. It is known that long-term

meditation alters the resting state EEG (e.g., Aftanas and

Golosheykin 2005; Lutz et al. 2004; Tebecis 1975; Tei

et al. 2009). Therefore, it is possible that the resting state of

our experienced meditators is different from the resting

state of non-meditators. Our reported differences between

Zazen and resting might be affected by the possibly altered

resting state of our meditators. Brewer et al. (2011) also

brought up this problem and ventured to suggest an altered

default mode during resting in meditators. A longitudinal

approach could shed light on this issue or the direct com-

parison of the resting state of Zen meditators with the

resting state of a matched control group consisting of non-

meditators.

To elucidate the idiosyncrasies of the different types of

meditation practices, future studies should directly com-

pare Zazen as an open monitoring practice with focused

attention meditation practices (e.g., breath counting) or

automatic self-transcending (transcendental meditation).
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Conclusion

In conclusion, the results confirmed our hypotheses of dif-

ferent activated brain areas during Zazen compared to no-

task resting and specifically of the involvement of parts of

the DMN. The findings reflect enhanced present-centered-

ness with automated and effortless memory and emotion

processing, reduced conceptual thinking and self-reference,

greater detachment from perceptions and body posture-

related processing during Zazen compared to resting.
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