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Abstract The concept and quantification of ‘disintegra-

tion’ related to mindfulness were examined, i.e. attentional

refinement to microscopic resolution wherein constituents

of matter are decomposed into elemental units. Thus, per-

ceptual data are synthesized less coherently. To explore

this hypothesis, neural substrates of perceptual disorgani-

zation (high-frequency EEG event-related synchronization

dynamics—ERD/ERS) and contextual meaning (N400

ERP) were investigated in healthy practitioners before and

after a mindfulness retreat. N400 ERP amplitude attenu-

ated, as did gamma-ERD. Shift from beta-ERD to beta-

ERS was observed. These findings suggest: (1) mediated

gamma-oscillations reflecting disrupted neural binding of

visual representation/cohesion, (2) reduced N400 ampli-

tude reflecting diminished extraction of contextual mean-

ing, and (3) modulations in beta-synchrony that may serve

to ‘stabilize’ cortical functioning during the transformative

disintegrative process related to mindfulness, akin to a

process of ‘non-reactivity’ at the cortical level. The latter

may provide a candidate neural index for the construct of

‘equanimity’ within the mindfulness purview. An overar-

ching interpretative framework of the results paralleling

adaptive versus maladaptive disintegrative experience is

further discussed.

Keywords Attention training � Perceptual representation �
Visual binding � Mooney-face � Contextual meaning �
N400 � Beta � Gamma � Event-related (de-) synchronization

(ERD/ERS)

Introduction

Mindfulness (Vipassana), a specific form of meditation,

involves the fine-tuning of attention so to (1) dismantle

experiences/perceptions/mental processes into their ele-

mental constituents, (2) observe this decomposition with

‘space’ from ego, or within a more flexible sense of self

(see ‘Visuddhimagga: The Path of Purification’, Bud-

dhaghosa, 2010). This conflicts with how humans usually

perceive reality, in that, perceptual data do not appear

discretely in its elemental form, rather as unified objects or

events that are contextually translated, both consciously

and sub-consciously, to produce a perceptual mode of

gestalt coherence (for a review, see Uhlhaas & Mishara,

2007). Ergo, via processes (1) and (2), the advanced

practitioner attains phenomenological ‘clarity’ (a general

translation of the Pali word ‘Vipassana’) into the under-

lying truth of the nature of all things, this being a tradi-

tional definition of ‘insight’ (or pure ‘understanding’—

Buddhaghosa, 2010), wherein the insightful appreciation of

the delusional conditions of everyday experience ensues;

i.e. one sees things (including the nature of the self) as they

really are—chaotic, impersonal, transient.

This preliminary study proposes two principle premises,

explored further empirically. Firstly, that the aforemen-

tioned mindfulness process is likely underpinned by a pri-

mary decomposition in how perceptual data are synthesized

leading to a transformation in one’s world-view and inter-

action with ‘reality’. That is, within such an analytical
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perspective, the advanced practitioner is able to refine

attention with such resolution wherein perceptual input is

isolated to the degree where one may perceive matter as

being disintegrated and discrete. Analogous to a percep-

tual scalar shift from coarse- to fine-granularity, or in the

highly initiated and advanced; even beyond, to that of a

dimension of vibratory wave. This process shall be referred

to here as ‘mindful disintegration’. A second hypothesis

proposed and explored is whether the aforementioned dis-

integrative process can be posited within a phenomenolog-

ical construct. Specifically, if components of the chaotic,

impersonal, and transient are maladaptively decomposed,

that is without insight, then a process akin to a ‘psychotic

world-view’ emerges. For example, in the Visuddhimagga,

following the experience of (termed here) ‘disintegration’

(where one gains access to the knowledge of the delusional

nature of reality and self), if not accompanied by funda-

mental understanding (insight), then suffering may exist in

various forms—described as experiences of ‘dissolution’,

‘terror’, ‘danger’, ‘dispassion’. Parallels can thus be made

with the clinical symptoms of dissociation/depersonalization

(dissolution), anxiety/panic (terror), paranoia/hallucination-

delusion (danger), and depression/anhedonia (dispassion).

All such phenomena can be present, to varying degrees,

under the umbrella clinical construct of psychosis, and other

psychological trauma. Phenomenological, clinical, and

neurocognitive comparisons have also been drawn between

spiritual suffering during mystical experiences and that of

psychosis (Hunt, 2007), further to alterations in bodily/self-

ownership/agency related to severe traumatic experience

(Ataria, 2015).

From a clinical perspective, psychosis is characterized

by a fundamental disturbance and disintegration in con-

scious experience and fragmentation in the sense of self,

perpetuated and maintained by lack of insight (Bedford,

Surguladze, Giampietro, Brammer, & David, 2012). Con-

versely, the mindfulness process represents the adaptive

decomposition of perceptual information, whereby insight

is enhanced. In both cases, the usual sense of self is ‘lost’.

Albeit, mindful insight provides a compass by which the

decomposition of things (including the self) is observed by

‘a self as a vehicle of experience’, opposed to an ‘attached

experiencer’. Thus, the sense of self is not fragmented as

with psychosis, rather it becomes fluidic. Following

mindful disintegration, via insight, the ‘reintegration’ (or

re-composition) of the sense of self ensues as a funda-

mental and experiential understanding of the imperma-

nence of, and the futility of attachment to, a concrete and

unfluctuating sense of being. Alternatively, one may posit

that this self-related reintegration is disrupted, or does not

take place at all, within the ‘psychotic world-view’. Thus,

the psychotic individual remains pathologically disinte-

grated, ‘selfless’, and ultimately traumatized.

The core aim of this study set out to explore whether it is

possible to observe and empirically measure this outlined

conception of mindful disintegration. The complexity of

such would not be possible to examine in its entirety within

one experiment. Thus, the focus was upon the decompo-

sition of events at the cortical functional level (neuro-

physiology) during visual perception. If viewed from such

a phenomenological spectrum, the pathological (psychotic-

like) to mindful (insightful-like) dichotomies present

extremities of the same continuum that may likely be

underpinned by a unified neural mechanism. With regard to

the insightful dichotomy of the spectrum, evidence sug-

gests mindfulness enhances neuropsychological cognitive

functioning including attention, memory, executive func-

tioning and inhibitory control in clinical and healthy pop-

ulations (for a comprehensive review, see Chiesa et al.,

2011).

Extant empirical studies do not link directly to the

concept of mindful disintegration presented here. Thus, one

empirical approach was to identify neurophysiological

markers associated with the proposed pathological (psy-

chotic-like) scale of the continuum, whereby some point of

axes is available. Namely, a central cortical deficit of

clinically diagnosed psychosis is the inability to coherently

integrate visual information, viably linked to the vulnera-

bility for illusory experiences (hallucinations, cognitive

biases) and delusions (facilitated by a lack of insight).

Furthermore, patients’ ability to organize perceptual data

becomes more degraded with symptom severity (for a

review see, Uhlhaas & Silverstein, 2005). Here, exploration

of the concept of disintegration during mindfulness was

approached via examination of neurophysiological mea-

sures plausibly associated with a comparable disintegrative

process during psychosis. Specifically, two central

impairments in psychosis pertaining to the processing of

incoming visual data; (a) visual representation and gestalt

coherence, and (b) the ability to extract meaning from

incoming information.

Decomposition into Elements: Visual Representation

and Coherence

Neurophysiologically, research indicates psychosis can be

characterized by disrupted coordination of synchronous

neural oscillations, particularly in beta (13–30 Hz), and

gamma (30–60 Hz) bandwidths (Friston, 1998; Uhlhaas

et al., 2006) associated with gestalt coherence of the visual

system. These fast-frequency oscillations have been further

associated with perceptual binding (Rodriguez, Lachaux,

Martinerie, Renault, & Varela, 1999) and attention (Fries,

Reynolds, Rorie, & Desimone, 2001). Such research has

predominantly involved the use of ‘Mooney-face’ stimuli

(Mooney & Ferguson, 1951): two-tone arrangements of
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shapes into images of faces for purposes of closure gestalt

perception tasks. Schizophrenia patients show significant

impairment in the coherent grouping of units of visual

input so to perceive such stimuli as ‘faces’. Cortically,

patients yield significantly reduced phase synchrony in the

20–30 Hz beta-band range, more evident when perceiving

‘face’ (upright) versus ‘no-face’/ambiguous (inverted)

Mooney stimuli (Uhlhaas et al., 2006), suggesting dimin-

ished organization, ergo distinction, for visual integration

during gestalt perception. Furthermore, medication-naı̈ve

first-episode patients show reduced spectral power in very

high-frequency bands (60–120 Hz) measured using mag-

netoencephalography (MEG) relative to healthy controls

(Sun et al., 2013), where reduced power in high-frequency

bands also correlates with ‘disorganized’ schizophrenic

symptoms (Grützner et al., 2013). Minimal research has

been conducted on this area, albeit that available suggests

schizophrenia patients show dysregulated oscillatory

activity in the beta and gamma bands, purportedly linked to

selective deficits with regard to the facilitation of precise

synchronization of high-frequency oscillations via cortical

networks and/or cortico-thalamo-cortical loops (Uhlhaas &

Singer, 2010).

Here, time–frequency cortical dynamics of event-related

(de-) synchronization (ERD/ERS) are explored, and based

on the aforementioned connected research, focused within

the high-frequency beta and gamma bands. Event-related

(de-) synchronization refers to the fluctuating dynamics of

underlying cortical networks, i.e. activity between neurons

and interneurons that drive the frequency components of

the ongoing EEG signal. Desynchronization (ERD) is

related to the excitation of underlying cortical networks,

whereas synchronization (ERS) has inhibitory effects upon

cortical areas (reportedly up to 30 Hz—although research

and replication of findings are ongoing). Synchronization

in the gamma-frequency has been associated with visual

binding (Ray & Maunsell, 2010; Singer, 1999; Uhlhaas

et al., 2009), additionally as an essential global mechanism

for all cortical computation (Fries, 2009).

Transformation in World-View: Role of Contextual

Meaning

The above process is viably intrinsically linked to the con-

cept of perceived meaning. For example, when the advanced

practitioner has mindfully disintegrated the components of

reality to a refined view, likely the alteration in world-view

perception is underlined also by an alteration in the meaning

one applies to the incoming data of the relevant sensory

domain. The attributed meaning of a stimulus can be corti-

cally mapped by the N400 event-related potential (ERP)—a

negative voltage waveform widely distributed across the

scalp, often maximal at medial centroparietal electrode

sites—elicited approximately 300–500 ms following the

perception of anymeaningful stimuli. Select paradigms have

placed the N400 ERP empirically within the concept of

semantic priming particularly in language processing,

although it has subsequently shown to be a much more

general measure of ‘meaning’ (Kutas & Federmeier, 2011),

elicited to a range of stimuli (words, faces, images). Con-

nected to face processing, in non-clinical cases, the ampli-

tude of the N400 enhances in response to familiar faces

(socially/contextually meaningful) opposed to non-familiar

faces (socially non-meaningful) (Schweinberger, Pfütze, &

Sommer, 1995). Moreover, N400 amplitude enhances when

faces are presented upright compared to inverted (Eimer,

2000), and when faces are repeated, thereby increasing their

semantic meaning (Neumann & Schweinberger, 2008).

A core deficit of schizophrenia is the disrupted ability to

extract meaningful contextual cues so to facilitate related

processing. This is reflected in the fragmentation of cog-

nition, affect, and behaviour whereby symptoms such as

disorganized speech/thought disorder (Ditman & Kuper-

berg, 2007; Kostova et al., 2005), and delusions and cog-

nitive biases (Kiang et al., 2007, 2008) have been linked to

abnormalities of the N400 ‘meaning waveform’. Specifi-

cally, attenuated N400 amplitude has been reported in

patients during the discrimination of semantic relatedness

(Kiang, Christensen, Kutas, & Zipursky, 2012; Condray,

Siegle, Keshavan, & Steinhauer, 2010). Furthermore,

reduced N400 amplitudes have been found in schizotypal

personality (Kiang et al., 2010), a diluted form within

schizophrenic spectrum disorders. Such findings suggest

psychosis demonstrates impaired ability in the degree of

semantic integration of a presented stimulus to a prede-

termined context of meaning.

Hypotheses

Following intensive mindfulness practice whereby the

primary aim is to decompose one’s internal and external

experiential reality towards a state of mindful disintegra-

tion, practitioners would show less neural activation, i.e.

attenuated N400 amplitude, to face (meaningful) stimuli

compared to non-face (non-meaningful/ambiguous)

Mooney stimuli. Furthermore, N400 amplitude would

overall diminish across time (from T1-to-T2/pre-to-post

retreat), reflecting a blanketed decrease in perceived

meaning of any incoming signal (e.g. task stimuli).

More global hypotheses pertaining to neural (de-)syn-

chronization dynamics purported opposite directions for

the differing frequency bandwidths. That is, following the

disintegrative process, face/non-face stimuli would be less

differentiated due to a lessening in ‘strength’ of automatic

gestalt visual coherence, i.e. ‘laxity’ in visual binding,

reflected by attenuated synchronization within the higher
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frequencies (such as gamma). Conversely, enhanced beta-

ERS would be observed following intensive mindfulness

practice, in alignment with previous studies demonstrating

reduced induced beta-power and synchrony during visual

perception in patients with psychosis, i.e. paralleling the

maladaptive disintegrative continuum on a neural level.

Methods

Sample

The sample consisted of 26 participants; data from 13

meditators, collected during T1 (pre-retreat) and T2 (post-

retreat), recruited via 10-day Vipassana retreats. According

to mindfulness experience and teacher assessment, medi-

tators were beginner to beginner/intermediate range with

regard to their mindfulness practice. Additionally, baseline

(T1) data from 13 non-meditator controls were collected

via public advertisements. People with any previous/cur-

rent formal mental health diagnoses, any previous/current

substance abuse/addiction, or any first-degree relatives

with a psychiatric diagnosis of psychosis and/or related

psychiatric condition, were excluded. Demographic data of

the participating sample are outlined in Table 1.

Retreat Outline

Vipassana meditation in the style of Mahasi Sayadaw was

administered by a teacher with 14 years of teaching

experience. This technique involves observing the rising

and falling of the breath at the abdomen so to train atten-

tion. If other objects present themselves more prominently,

attention is to be shifted to these. Practitioners formally

meditated for 13 h each day (excluding cumulative 3 h for

vegetarian breakfast/lunch/dinner: meals were instructed to

be experienced mindfully), in 45-min intervals of alter-

nating sitting/walking meditation sessions. Formal practice

finished at 22:00 h at which 15 min of instructed Metta

(compassionate loving-kindness) meditation ensued,

whereby practitioners were free to continue without

instruction until 23:00.

Description of the Mindful Disintegration Process

The following is a basic outline of the mindfulness process

pertaining to the concept of disintegration in ‘healthy’

people exposed to mindfulness training asserted here

(Sayadaw, 2016, and experiential account). Adverse effects

from (predominantly other techniques of) meditation have

been reported in some cases (Perez-de-Albeniz & Holmes,

2000). Such complications are likely perpetuated by pre-

existing psychological problems (i.e. predisposition to a

mental health disorder, severe childhood trauma, substance

addiction/abuse, etc.). Mindfulness meditation does not

‘cause’ mental health problems; such cases require a more

structured approach (possibly MBCT, MBSR) to ensure

practice is engaged with in the correct manner and along-

side the appropriate psycho-education, guided by an

experienced clinical/psychotherapy mindfulness teacher.

Meditative/contemplative practice is not primarily a means

of self-medication. The mind has to first be relatively

healthy for further purification.

Preface

Mindful meditation (mental development) consists of

advancing the following: (1) discipline, (2) concentration,

and (3) insight. That is, the development of discipline so to

enhance concentration, whereby concentration increases

the ability to be more disciplined, in turn, enhancing further

concentrative ability. When concentration has been devel-

oped to a sufficient level, insight emerges.

Discipline Level 1: Restricting Physical Input and Output

From a comfortable position; (a) sensory input is restricted,

i.e. sitting with closed eyes in a quiet place, (b) output is

restricted, i.e. the sitting/meditation position is maintained

motionless unless the feeling of harm to the body arises, in

which case, instruction is to change position after a con-

scious decision, opposed to a reactionary one.

Discipline Level 2: Restricting Mental Input (and Output)

The basic exercise is to focus attention to the ‘rising’ and

‘falling’ of breathing within the body. A full rising and

falling is one cycle and is relatively easy to mindfully

follow. With discipline and concentration, following the

cycle-to-cycle seamlessly is developed, so to diminish

conceptual cognition and emotionality (and other ‘mental

clutter’). Furthermore, refinement in attention develops, so

that the observed resolution of ‘detail’ per cycle is

increased. From this, both microscopic refinement (that of

each cycle) and macroscopic refinement (the seamless

observation of cycle-to-cycle) in attention ensue. When-

ever the observation that attention to the breathing cycle

has lapsed, initially instruction is given to make a brief

internal acknowledgement (such as to note ‘thinking’ with

no further superfluous embellishment of the observation)

and to immediately focus active attention back to the

breathing cycle. With continued discipline and concentra-

tion with this process, the temporal epoch between each

conscious observation in the lapse in focused attention

becomes smaller, also without the need to mechanically

note, rather to retain attentional immediacy on the
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microscopic of the breathing cycle, in turn, the macro-

scopic observation of seamless awareness strengthens.

Discipline Level 3: Persistence During Adversity

and Aversion

Distractions, in any external/internal form, from the primary

exercise of the breathing cycle are to be considered as ‘en-

tities’ (of consciousness). Observation of the full spectrumof

consciousness entities is instructed, thereby increasing the

frequency and duration of mindful epochs. When the

observation upon all these phenomena becomes mindfully

seamless (and aremore prominent than the observation of the

breathing), ‘momentary concentration’ ensues to a sufficient

level so to obtain insight. This process is maintained with

patience andmildness, i.e. to observemindfullywith friendly

patience on whatever is happening. As this acuity develops

through persistence, and in alignment with discipline and

concentration, the non-conceptual awareness of the ‘how’

and ‘why’ to what is happening also ensues, i.e. insight.

Table 1 Participant demographic and psychometric data

Demographic variable M (SD) Meditators Non-meditator controls Meditators versus non-meditators

Age 43.54 (11.14) 49.92 (7.25) p = .41

Sex 6 Female (46.2%); 7 male (53.8%) 9 Female (69.2%); 4 male (30.8%) p = .25

Educationa 6.62 (0.51) 6.00 (1.1) p = .08

Psychometric

variable

T1 T2 T1-to-T2

comparison

Correlations Non-meditator

controls

Meditators versus non-

meditators

CDS ABE 7.69 (5.35) 10.69 (8.39) p = .20 4.69 (5.77) p = .18

CDS EN 4.15 (4.84) 5.23 (4.55) p = .64 3.62 (3.95) p = .76

CDS ASR 5.77 (3.98) 6.31 (4.25) p = .68 3.62 (3.23) p = .14

CDS AFS 4.00 (3.27) 4.77 (3.833) p = .48 3.92 (3.88) p = .96

CDS G 21.62 (13.20) 27.00 (17.70) p = .35 15.85 (13.69) p = .29

FFMQ Ob 26.67 (3.65) 33.60 (3.44) p\ .0001*** 25.85 (4.56) p = .63

FFMQ Des 30.75 (4.67) 33.00 (5.16) p = .06 29.23 (4.73) p = .43

FFMQ AwA 25.08 (6.22) 29.70 (4.44) p = .05* 27.00 (5.92) p = .44

FFMQ NonJ 26.58 (6.05) 30.50 (4.09) p = .09 r = 0.902,

p = .005**

rs = 0.909,

p = .005**

[:b-ERS for INF

at Fz]

28.85 (4.56) p = .30

FFMQ NonR 21.92 (5.14) 26.60 (4.55) p = .006** r = 0.864,

p = .012**

rs = 0.821,

p = .023*

[:b-ERS for INF

at Fz]

23.23 (4.69) p = .51

FFMQ G 131.00 (20.22) 153.40 (18.66) p = .005** r = 0.863,

p = .012**

rs = 0.714,

p = .071

[:b-ERS for INF

at Fz]

134.15 (20.02) p = .70

P values are in italics

*p\ .05, **p\ .01, ***p\ .001

CDS Cambridge Depersonalization Scale (Sierra & Berrios, 2000), ABE anomalous bodily experiences, EN emotional numbing, ASR anomalous

subjective recall, AFS alienation from surroundings/derealization, FFMQ Five Facet Mindfulness Questionnaire (Baer et al., 2008), Ob observe,

Des describe, AwA Act-with-Awareness, NonJ act without judgment, NonR non-reactivity
a Education classifications (according to system in The Netherlands): 1 = LWOO (12–16 years), 2 = VMBO (12–16 years), 3 = HAVO

(12–17 years), 4 = VWO (12–18 years), 5 = MBO (16–20 years), 6 = HBO (vocational training), 7 = WO (university higher level education)
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Full Disintegration

Phenomena are now ‘perceived’ as impersonal transient

energies. At a certain moment, the refined perception of

phenomena ensues with such automaticity that the fluctu-

ating nature of mind/brain can be observed. The sense of

‘being in control’ within an integrated self loosens, in some

cases, towards the feeling of literal melting, shedding of

one’s exterior, death. Such phenomena may cause extreme

fear, delusions in the form of perceiving dangers, doubt,

and disenchantment. The pivotal process now requires

insightful relinquishment.

Mindful ‘Reintegration’ and Permeation

When practice is sustained for a sufficiently long enough

period (varying on a case-by-case basis) such aversive

feelings dissipate as a ‘wholesome’ equanimity emerges.

Gentle and friendly mindful observation phases back to the

conscious foreground, so that although the observed phe-

nomena are less integrated and meaningful within an

everyday context, the processing of incoming data (of

whichever internal/external domain) is now heightened in

resolution. For example, body sensations that were

observed to be grossly localized can now be decomposed

into multiple sensation substrata, microcosms within

microcosms. The possibility of the arising and going of

objects of consciousness, together with the different pos-

sible states of mind, seemingly enacts in a neutral field of

seamless awareness, more elementary than consciousness.

Flexibility emerges wherein a shift towards a more fluidic

and nebulous experience of the ‘sense of self’ alongside a

fundamental transformation in perceived world-view

ensues.

Experimental Procedure

Upon registering for the Vipassana retreats, practitioners

had the opportunity to agree to be approached further by

the investigator regarding the scientific research (this was

not a mandatory part of the retreat). Informed written

consent to participate in the study was obtained prior to

data collection (ethically approved by CMO, Arnhem–Ni-

jmegen). Practitioners were not offered any compensation

for taking part, although could chose to consider their

participation as dana (generosity) contribution for the

retreat (N.B. retreats often ask a voluntary offering/dana of

any amount as a practice to express gratitude to the

teachers whom receive no formal fee for their teachings/

instruction).

Experimental recording sessions were conducted in a

make-shift laboratory within an active monastery in the

region of Latium, Rome, Italy, during late-summer. The

laboratory did not contain a faraday cage to shield from

extraneous electromagnetic noise; however, an active

shield EEG recording system (Brain Products: 72-Quick-

Amp) and electrodes (Brain Products: actiCAP) were uti-

lized so to minimize such noise during the real-time

recorded signal. Communication between mindfulness

practitioners and the experimenter was kept minimal for

the purposes of outlining instructions; otherwise, the

experimenter remained as sensitive as possible in setting up

the electrode cap and administering the experiment, so not

to intrude upon the retreat setting.

Participants undertook an experimental task consisting

of Mooney-face stimuli (Uhlhaas et al., 2006) concomitant

to EEG recording, within 36 h before (T1), and within 24 h

after (T2), completion of the formal retreat period. The task

comprised two blocks of 88 trials, comprising 44 ‘face’ and

44 ‘non-face’ abstract black/white Mooney-face images.

‘Faces’ were original upright images; ‘non-face’ stimuli

were inverted (22 inverted mirrored/22 inverted reversed)

images. A fixation cross was presented centrally, on a 1500

laptop screen, between stimuli presentation. Stimulus

duration was 200 ms, with a random ISI between 3000 and

4500 ms. Participants were given a 2-button response box

which they could hold, however, suited them. They were

instructed that after each stimuli/image was presented, they

had to press either the left button to indicate they had seen

a ‘face’, or the right button to indicate they had seen a

‘non-face’ image. They were instructed to respond to every

stimulus/image presented, and to not think too much about

each image, rather to go with their immediate response.

Psychometric Scales

The following scales were completed at T1 and T2, whilst

the experimenter set up the electrode cap: (1) Cambridge

Depersonalization Scale/CDS (Sierra & Berrios, 2000),

indexing experiences of disembodiment and ‘anomalous

bodily experiences’, ‘emotional numbing’, anomalous

subjective recall, and derealization or ‘alienation from

surroundings’. (2) Five Facet Mindfulness Questionnaire/

FFMQ (Baer et al., 2008), indexing ‘observe’, ‘describe’,

‘act-with-awareness’, ‘nonjudgement of inner experience’,

and ‘non-reactivity to inner experience’.

Encephalogram Recording

EEG data were acquired using Brain Vision Recorder 1.03

and QuickAmps 72 hardware (www.BrainProducts.com),

recorded from 30 Ag/AgCl active electrode sensors (ac-

tiCAP: Brain Products) located in accordance with the

10–10 electrode system (Fp1, Fp2, AFz, F7, F3, Fz, F4, F8,

FC5, FC1, FCz, FC2, FC6, T7, C3, Cz, C4, T8, CP5, CP1,

CP2, CP6, P7, P3, Pz, P4, P8, O1, Oz, O2). Average
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reference (of all electrodes) was used. Ground electrode

was placed on the forehead. Vertical and horizontal ocular

activity was calculated by bipolar derivations of elec-

trooculogram signals recorded above and below the left

eye, and 1 cm to the outer canthi of each eye. Impedance

was maintained B10 KX. Electrical signal was continu-

ously sampled at a digitization rate of 500 Hz, band-pass

filtered at 0.1–100 Hz.

Signal Analysis

N400 Event-Related Potential (ERP)

ERP analysis was conducted using Brain Vision Analyzer

2.0.2. Data were filtered between 0.1 and 30 Hz (24-dB/oc-

tave slope), via zero-phase shift band-pass (IIR Butterworth)

and 50 Hz notch filters. Ocular artefacts were corrected using

the regression method (Gratton et al., 1983). Data were seg-

mented into 1400 ms epochs, -500 to 900 ms relative to

stimulus onset, for: (1) correctly identified Face (CF), (2)

incorrect responses to Face (i.e. stating as a non-face = IF),

(3) correct identification of non-face (CNF), and (4) incorrect

response to non-face (INF). Artefact rejection removed elec-

tromyographic activity and/or amplifier saturation, where

voltages exceeding ±50 lV were discarded. Data were

baseline corrected from-200 to 0 ms, and averages for each

condition were then calculated. The adaptive mean (3± data

points/12 ms) around the identified maximal peak within a

250–500 ms epoch was extracted at electrode sites Fz, Cz,

FCz, Pz, and Oz for statistical analyses.

Event-Related (de)-Synchronization (ERD/ERS)

Oscillatory EEG analysis was conducted using Brain

Vision Analyzer 2.0.2. Ocular artefacts were removed

using Independent Component Analysis/ICA, optimal for

event-related time–frequency (T–F) signal processing

(Graimann & Pfurtscheller, 2006). Data were segmented in

the same manner as for the ERP analyses (outlined above).

Artefact rejection removed trials where voltages exceeded

±50 lV. Data were band-pass (Butterworth zero-phase,

24 dB/octave) filtered into beta (12–30 Hz), gamma-1

(30–45 Hz), and gamma-2 (45–60 Hz) frequency band-

widths. Event-related non-phase-locked induced activity

was extracted via inter-trial variance (see Kalcher &

Pfurtscheller, 1995), by averaging all epochs and sub-

tracting the average power from each individual epoch

constituting the average, thus extracting phase-locked

activity. ERD/ERS was quantified as percentage change in

average inter-trial variance (A) during the time windows:

0–100 ms (Very-Early), 100–300 ms (Early), and

300–700 ms (Late), in the nth channel, compared to the

average inter-trial variance of the baseline reference

(R) = -500 to 0 ms, relative to stimulus onset, defined as:

ERD/ERS % = [(A(n) - R(n))/R] 9 100. Mean ERD/

ERS % and mean power were then calculated during the

following temporal epochs: (1) Very-Early = 0–100 ms;

(2) Early = 100–300 ms, and (3) Late = 300–700 ms.

Mean activity recorded at the midline sites; Fz, Cz, FCz,

Pz, and Oz; was subsequently extracted and utilized in the

statistical analyses. Data are available on request.

Statistical Analyses

Neurophysiological baseline (T1) measures of meditators

and non-meditators were checked via one-way ANOVAs.

Neurophysiological change across time within the medi-

tator group was examined via Time (2 levels: T1,

T2) 9 Electrode (5 levels: Fz, Cz, FCz, Pz, Oz) 9 Con-

dition (4 levels: CF, IF, CNF, INF), in addition to

Time 9 Electrode 9 Condition (2 levels: Face, Non-

Face), repeated measures ANOVAs for N400 data. ERD/

ERS data were examined via Electrode (5-levels: Fz, Cz,

FCz, Pz, Oz) 9 Epoch (3-levels: VE, E, L) 9 Time (2-

levels: T1, T2) 9 Frequency (3-levels: beta, gamma-1,

gamma-2) 9 Condition (4-levels: CF, IF, CNF, INF), in

addition to the above analyses albeit with a 2-level (Face,

Non-Face) Condition categorization.

Multiple comparisons were corrected using the Tukey

test (optimal for unequal condition/variable group sizes).

Significant ANOVA main effects/interactions were disen-

tangled further via post-hoc paired t tests. To note, where

participants had \5 trials per event-related potential/syn-

chronization variable, their data were omitted from the

statistical analyses for that specific measure, thus, variation

in df across the ANOVA/t tests. The final N samples uti-

lized in the statistical analyses for Conditions: CF = 13;

IF = 9; CNF = 13; INF = 8; and F = 13; NF = 13.

Results

Psychometrics

Demographic and psychometric scale data are presented in

Table 1. Where results were significant across time,

increment change (i.e. T2–T1) for these variables was

subsequently calculated. Pearson coefficient correlations

were then run to examine possible relationships between

significant changes in psychometric measures and any

modulation in electro-cortical activity; the findings of

which are also outlined in Table 1. Moreover, in accor-

dance with advice for brain-behaviour data (Schwarzkopf,

De Haas, & Rees, 2012), Spearman’s rs are also presented

in Table 1 for the relevant correlations to confirm

robustness.
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Meditators Versus Non-meditators:

Neurophysiological Baseline Comparison

ANOVA examining meditators versus non-meditators ERP

and ERD/ERS data showed significant difference in beta-

band ERD/ERS during the Early (100–300 ms) epoch,

where meditators yielded enhanced ERD compared to non-

meditator controls for CNF at Fz (F(1, 24) = 7.028,

p = .01.

Meditators T1 Versus T2: N400 ERP

N400 Amplitude

Examining the Stimuli divide by correct [C]/incorrect [I] and

face [F]/non-face [NF] (CF, IF, CNF, INF) showed significant

main effects of Electrode (F(4, 156) = 10.233, p\ .0001),

Stimuli (F(3, 39) = 3.001, p = .042), and Time * Electrode

interaction (F(4, 156) = 3.880, p = .036). Tukey HSD tests

showed significant difference between stimuli was exclusive

for CF versus INF (p = .028). Post-hoc t tests further revealed

(wherein all significant amplitude differences pertained to the

FCz electrode) that there was a significant difference across

time for CF t(12) = -3.460, p = .005 [-4.25 to -1.13 lV,
Fig. 1a], CNF t(12) = -2.698, p = .019 [-5.74 to

-3.35 lV,Fig. 1a], and INF stimuli t(7) = -2970, p = .021

[-8.59 to-5.10 lV, Fig. 1b].
Examining the Stimuli divide by the more encompassing

categorization of meaningful [face]/non-meaningful [non-

face] (F, NF) showed main effect of Electrode (F(4,

96) = 8.973, p = .001), and trend Time * Electrode

interaction (F(4, 96) = 3.210, p = .070). Post-hoc t tests

revealed significant change across time at FCz electrode

only, wherein amplitude attenuated for both F (Fig. 1c),

and to a significant level for NF stimuli t(12) = -2.217,

p = .047 [-4.97 to -2.91 lV, Fig. 1c].

N400 Latency

Main effect of Electrode was apparent for both the CF/IF/

CNF/INF (F(4, 156) = 19.352, p\ .0001), and F/NF (F(4,

80) = 7.029, p = .001), categorizations. Follow-up t tests

revealed that latency time significantly reduced (i.e. faster)

for F stimuli recorded at the Oz electrode site

t(12) = 2.204, p = .05 [411.38 to 361.54 ms].

ERD/ERS

CF/IF/CNF/INF Categorization

Main effects of Electrode (F(4, 156) = 9.577, p\ .0001),

Epoch (F(2, 78) = 74.178, p\ .0001), Frequency-Band

(F(2, 78) = 40.520, p\ .0001), and the following

interactions were revealed: Electrode * Epoch (F(8,

312) = 6.388, p\ .0001), Electrode * Epoch * Condition

(F(24, 312) = 1.896, p = .028), Epoch * Time (F(2,

78) = 9.316, p = .001), Epoch * Time * Condition (F(6,

78) = 6.393, p\ .0001), Electrode * Epoch * Time *

Condition (F(24, 312) = 2.383, p = .008), Epoch * Fre-

quency (F(4, 156) = 55.913, p\ .0001), and Elec-

trode * Epoch * Frequency (F(16, 624) = 8.654,

p\ .0001).

The following trend interactions were also apparent: Elec-

trode * Condition [p = .059], Electrode * Epoch * Time

[p = .069], Electrode * Frequency-Band [p = .063], Elec-

trode * Frequency-Band [p = .063], and Epoch * Time *

Frequency [p = .070].

Post-hoc Tests: Induced Beta-Band

Follow-up tests further revealed that during the Very-Early

(0–100 ms) epoch, a shift from desynchronization to syn-

chronization was observed for INF stimuli at Fz

(t(7) = -2.761, p = .03: [-16.11 to 37.55%]), and Cz

(t(7) = -2.785, p = .03: [-9.5 to 54.2%]). Shift to desyn-

chronization to synchronization was also observed for CNF at

Pz (t(12) = -2.293, p = .04: [-2.6 to 4.7%]) (Fig. 2).

For the Early (100–300 ms) epoch, desynchronization

decreased for CNF stimuli at Fz (t(12) = -2.308, p = .04:

[-25.9 to -15.4%]) was evident, compared to increased

desynchronization for CF at Cz (t(12) = 3.097, p = .009:

[-14.8 to -25.3%]).

For the Late (300–700 ms) epoch, there were no sig-

nificant findings.

Post-hoc Tests: Induced Gamma-Band

For the Very-Early (0–100 ms) epoch, no significant find-

ings were evident in gamma-1 or gamma-2 frequencies.

For the Early (100–300 ms) epoch, attenuated desyn-

chronization was evident for CNF at Fz in both gamma-1

(t(12) = -2.732, p = .02: [-13.6 to -5.4%]) and gamma-

2 (t(12) = -2.482, p = .03 [-9.22 to -1.6%]) band-

widths. Furthermore, for gamma-1 at Oz (t(11) = -2.960,

p = .01 [-8.0 to -2.3%]).

For the Late (300–700 ms) epoch, several significant

findings were apparent. For the gamma-1 band, desyn-

chronization declined overall across sites, and significantly

so at Fz for CF (t(12) = -2.376, p = .04: [-25.66 to

-17.11%]), and CNF (t(12) = -2.768, p = .02: [-22.6 to

-15.0%]). Additionally, at Oz for CF (t(9) = -2.862,

p = .02: [-17.0 to -2.5%]), and CNF (t(9) = -2.493,

p = .03: [-18.3 to -7.7%]). The exception to the overall

attenuation in desynchronization was at Oz for INF

(t(6) = 2.513, p = .05: [-2.5 to -23.9%]).
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There was a general pattern of reduced desynchroniza-

tion also for the gamma-2 range, which was significant at

Fz for CNF (t(12) = -3.815, p = .002: [-17.5 to

-8.0%]), CF at FCz (t(12) = -2.285, p = .04: [-23.1 to

-14.5%]), and Oz (t(9) = -2.593, p = .03: [-11.66 to

2.1%]). Additionally, for IF at Pz (t(8) = -2.391, p = .04:

[-19.5 to -7.3%]).

F/NF Categorization

Main effects of Epoch (F(2, 48) = 52.125, p\ .0001),

Electrode (F(4, 96) = 4.372, p = .010), Frequency (F(2,

48) = 24.096, p\ .0001), and Epoch * Electrode (F(8,

192) = 5.749, p = .001), Epoch * Frequency (F(4,

96) = 25.485, p\ .0001), Electrode * Frequency (F(8,

Fig. 1 a N400 ERP waveform for correct face (line) and correct non-

face (dot) at T1 (thick) and T2 (thin) at FCz electrode [0 ms = stim-

ulus onset]. b N400 ERP waveform for incorrect face (line) and

incorrect non-face (dot) at T1 (thick) and T2 (thin) at FCz electrode

[0 ms = stimulus onset]. c N400 ERP waveform for face (line) and

non-face (dot) at T1 (thick) and T2 (thin) at FCz electrode

[0 ms = stimulus onset]
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192) = 10.150, p\ .0001), Epoch * Electrode * Fre-

quency (F(16, 384) = 11.272, p\ .0001), interactions

were found. Time * Frequency (F(2, 48) = 3.244,

p = .077) showed a trend.

Follow-up tests showed significant changes pre-to-post

were exclusive to the beta-band, specifically a decrease in ERS

(21.47–19.67%) for Face/F stimuli at Cz (t(12) = -2.162,

p = .052), and decrease in ERS (46.45–43.00%) for Non-

Face/NF at Pz (t(12) = -2.484, p = .029).

Discussion

This study presents for the first time a formalized pilot

exploration into alterations of visual perception associated

with the ‘disintegration’ process surmised here to be

inherent to the analytical (observational) component of

mindfulness practice. Specifically, whether this conception

of ‘mindful disintegration’ can, (a) be cortically quantified

within the domains of perceptual integration and repre-

sentation, and (b) represent a potential unified mechanism

paralleling pathological symptoms of visual disintegration.

Event-Related Beta Oscillations

There was a shift from desynchronization/ERD to syn-

chronization/ERS within the beta-band from T1-to-T2,

specific to fronto-central sites, opposed to posterior elec-

trode regions. Evidence suggests beta-ERS indicates post-

stimulation inhibition of the sensori-motor cortex (Alegre

et al., 2002), where sensori-motor regions are associated

with central–parietal areas. Furthermore, the shift from

ERD to ERS was not evident in the Late temporal epoch

(300–700 ms), where post-stimulation dampening of the

motor cortex would be expected after making a button

response. Rather, this shift was evident within the Very-

Early automatic temporal window, 0–100 ms, viably

within a preconscious range. Research alludes this epoch is

best characterized by pre-movement (in some cases up to

2 s prior to movement) increase in beta-ERD (Fairhall,

Kirk, & Hamm, 2007) signalling movement preparation

(Ohara et al., 2000), which the results here do not align

with.

Comparing previous research leads us to review a study

utilizing MEG examining high-frequency EEG bands (beta

and gamma) alongside phenomenological experiences of

self, including: (1) ‘minimal self’ (MS), defined as oneself

as the immediate subject of experience involving a sense of

‘ownership’ and ‘agency’; (2) ‘narrative self’ (NS), defined

as an experience of the ‘self’ extended across time, cor-

responding to identity and personhood (i.e. conceptual

self); and (3) ‘selfless’ (SL) experiencing of phenomena

(Dor-Ziderman, Berkovich-Ohana, Glicksohn, & Gold-

stein, 2013). Significant findings showed the diminishment

of MS corresponded to decreased beta-band activity

exclusive to posterior regions. These findings suggest sense

of agency/ownership may be modulated by beta-band

activity. Although we found beta-synchronization (corre-

sponding to power increase), which would contrast with

these findings, our findings were specific to frontal opposed

posterior sites, furthermore to a Very-Early temporal range

(0–100 ms) rather than the 134–170 ms (and across the

700 ms) time course specified by Dor-Ziderman et al.

(2013). The authors also concluded the role of frequency-

dependent networks likely support different modes of self-

referential processing. Albeit, it seems our findings may

not be explained within such remits due to the temporal and

topographical distinctions, despite overlapping frequency

domains. Furthermore, the results outlined here pertain to

synchronization dynamics opposed to power spectra mea-

sures, which represent distinct decompositions of the EEG

signal not necessarily linearly corresponding.

Alternatively, global hypotheses assert synchronization/

ERS in the beta range as an index of deactivation of per-

tinent cortical networks related to beta-rebound up to 1 s

post-movement (Pfurtscheller, 2001). Thus, one interpre-

tation is that beta-rebound, reflected by ERS, occurred

earlier in practitioners post-retreat, whereby this process

has been linked to beta-oscillations and higher-order con-

trol processes across sensory, cognitive, and motor factions

(Engel & Fries, 2010). This process can also be framed

within the conception of disturbance compensation, and in

that, visual sensory stimulation (visual input from a stim-

ulus) disrupts the cortical network system that generates

intrinsic, particularly frontal, beta-activity. Initially, beta-

ERD gauges this disturbance in the underlying cortical

interactions, whereby germane interconnected networks

Fig. 2 Beta-ERD/ERS at T1 and T2 during the Very-Early epoch

(0–100 ms) for INF at Fz/Cz/FCz/Pz electrodes
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stabilize via the process of beta-rebounding (i.e. shifting to

predominant beta-ERS) (Panagiotaropoulos, Kapoor, &

Logothetis, 2013). Thus, the results presented here would

suggest that following intensive mindfulness exposure, the

underlying cortical networks responsible for beta-oscilla-

tion generation were more stable, as reflected by Very-

Early beta-rebounding/ERS (also specific to fronto-central

opposed to posterior zones), or even the lack of an onset in

cortical disturbance from the visual stimuli altogether.

Hence, visual sensory stimulation did not ‘affect’ beta-

oscillatory circuits as rapidly, or automatically, as prior to

the retreat. At this juncture, we may ask: is this perhaps a

suitable neural signal of equanimity (‘non-reactivity’ or

maintenance of a neutral stance towards emotive stimuli—

Buddhaghosa, 2010) for further exploration? The highly

significant decrease in non-reactivity as gauged by the

FFMQ, and significant correlation between increase in

FFMQ non-reactivity component (r = 0.86) and increased

beta—ERS during the Very-Early (0–100 ms) time win-

dow—provides support for such a conjecture.

Event-Related Gamma Oscillations

Findings related to the gamma-band appear less clear.

Opposed to a shift from ERS to ERD for gamma-oscilla-

tory activity, overall ERD decreased across stimuli types

from T1 to T2. Previous meditation research reports

increased gamma-power (where ERD decrease can be

framed as power attenuation) and long-range topographical

synchrony (different from ERD/ERS measures here) in

N = 8 advanced meditators versus controls practicing

‘unconditional loving-kindness and compassion’ (Lutz

et al., 2004). Exactly how to interpret these findings is

somewhat ambiguous, albeit Lutz et al. (2004) did not

investigate the ‘disintegrative’ process of mindfulness

examined here. Rather, in line with our empirical rationale,

blunted gamma-power (indexed by ERD) and synchrony

have been reported in schizophrenia patients, in addition to

first-degree relatives of patients with schizophrenia (for a

review see, Williams & Boksa, 2010), supporting our

conjecture paralleling this state via mindfulness and that

within pathological remits.

Research suggests high-frequency oscillations within the

gamma-band range (30–70 Hz) serve a primary component

in the propagation of information across cortical areas,

representing mechanisms of cortical integration (Bucci,

Mucci, Merlotti, Volpe, & Galderisi, 2007) and binding

(Rodriguez et al., 1999). For example, when groups of

neurons oscillate synchronously within the gamma-band,

such neurons act synergistically in targeting specific dis-

crete neurons simultaneously, whereby this transmission

contributes to a ‘binding’ process of information from

neurons across distinct neural networks (Engel, Fries, &

Singer, 2001). Relevant to the present study, within the

visual perceptual domain, the concept of binding would

facilitate the cohesion of perceptual representation.

Although it must be noted, the exact understanding of how

representations of differing components of a visual input,

i.e. spatiotemporal patterns, are bound into ‘wholes’ via a

process of cortical binding, is not yet fully elucidated

within a neuroscientific framework. Although thus far, the

extant research alludes induced gamma-oscillations are

most relevant to cortical binding in visual representation

and cohesion, of which we examined here. Furthermore,

gamma-ERS has been assumed as specifically involved in

perceptual binding, particularly with regard to the coordi-

nation of activity between and within distributed neuronal

assemblies, whereby decreased gamma-ERS has been

found in patients with schizophrenia, ergo diminished

perceptual binding ability (Fujimoto et al., 2014).

A more global perspective posits desynchronization

(ERD) as an indicator of activation within integrant neu-

ronal assemblies, denoting a cortical system with maximal

‘state readiness’ for information capacity and processing

(Pfurtscheller, 2001). Within the context of gamma-oscil-

lations, it seems therefore plausible to suggest gamma-

ERD assists in the activation of underlying cortical archi-

tecture involved in the cortical binding process. Moreover,

decreased gamma-ERD possibly indicates a dampening in

the cortical networks responsible for cortical binding and

perceptual cohesion. This would support the present

encompassing proposal that mindfulness represents a pro-

cess of ‘disintegration’ of consciousness, and further, that

this state of consciousness can be measured at the brain

level. Namely, attenuation in higher brain frequency

gamma-oscillations, implicating a decrease in cortical

visual binding, presents one such potential quantification.

The extant conjecture that perceptual binding is framed

within gamma-ERS; opposed to the findings here pointing

to gamma-ERD suggesting diminished gamma-dependent

binding in germane distributed networks for Mooney-face

stimuli at both time points regardless of mindfulness

practice may be explained by differences in the measures

used to define synchronization (Trujillo, Peterson, Kasz-

niak, & Allen, 2005). For example, several studies have

concentrated on global spectral power and phase synchrony

as defined by wavelet analysis methods, unlike here where

the inter-trial variance method to disentangle the ERD/ERS

as an expression of power percentage (Kalcher & Pfurt-

scheller, 1995) was utilized. Another explanation is that

gamma-ERS is not a specific biomarker of cortical binding

relating to perceptual representation, albeit oscillations in

high-frequency bands appear most pertinent to such corti-

cal properties; essentially, basic research is currently

ongoing within the neuroscientific community with regard

to this enquiry. Overall, at this juncture, from the
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preliminary results presented here, high-frequency gamma-

oscillations viably present a valid candidate cortical mea-

sure for measuring perceptual disintegration via mindful-

ness practice, which may well be underlined by

modulations in cortical binding properties within this

oscillatory band implicated in visual perceptual binding

and integration.

N400: Contextual Meaning

As hypothesized, N400 ERP amplitude indeed attenuated

from T1-to-T2, plausibly indicating a shift in allocated

meaning to the presented stimuli. Furthermore, the N400

amplitude decreased regardless of upright (greater mean-

ing) versus inverted (diminished meaning) position with

regard to the Mooney-face material, suggesting an

encompassing reduction in related concepts activation and

attributed meaning. This is in line with the study rationale,

whereby schizophrenia spectrum disorders also display

reduced N400 amplitudes (Adams et al., 1993; Condray

et al., 2010; Kiang et al., 2010; Shin, Kang, Choi, Kim, &

Kwon, 2008). The neural generator of the N400 ERP has

been proposed to originate in the temporal lobe structures

and surrounding regions (Nobre & McCarthy, 1995),

whereby replicated evidence points to the anterior medial

temporal lobe, middle and superior temporal regions,

inferior temporal lobe, and prefrontal cortex (PFC) (see

review of Kutas & Federmeier, 2011). Altered states of

consciousness, including schizophrenia and psychotic-like

experiences associated with some forms of epilepsy, also

show dysregulation in temporal lobe cortical structures

(Englot et al., 2010, van Elst et al., 2002). Furthermore,

neuroimaging research implies that areas of the medial

temporal lobe distinguish event-oldness compared to

event-newness, regardless of conscious awareness (Dase-

laar, Fleck, Prince, & Cabeza, 2006), suggesting such areas

are involved in the continuous subconscious monitoring of

meaning. Mindfulness is generally considered to be a

practice of attention regulation, ergo increasing conscious

awareness mechanisms. Albeit, consideration of alterations

in subconscious monitoring and functioning is likely

intrinsically linked, presenting an interesting avenue for

future comprehensive scientific exploration potentially

utilizing subliminal paradigms.

Limitations

The intention for this study at the outset was to explore the

hypothesis and general feasibility of the concept of ‘mindful

disintegration’ from a neurophysiological perspective. The

small sample size enforces us to approach the findings from

the preliminary data with considerable caution. This is further

compoundedby the loss of subjects for some conditions due to

limited EEG trials. However, to include data with too few

trials would pose a separate confound. Thus, as a pilot to

ascertain further hypotheses and/or replicate findings, this

study holds value. N400 amplitude also diminishes with

repeated presentation of a stimulus (Kutas & Federmeier,

2000; Rugg, 1985), as it in turn becomes lessmeaningful. As a

pre-post design was employed, one could question that the

reduced amplitudes occurred due to learning effect/habitua-

tion.However, studies citing repetition as a contributing factor

to amplitude decline consider this following the repetition of

stimuli within the same experimental sitting. In the present

study, there was a 10-day ‘introspectively rich’ interval

between experimental presentations; thus, habituation to

Mooney-face images was unlikely. Therefore, we can reason

the reduction in N400 amplitude following intensive mind-

fulness exposure is a result proper. No clinical control data

from psychosis patients are presented, which would enhance

the basic experimental design, further to being an empirical

requirement for concrete statements regarding possible uni-

fied neuralmechanisms related to the disintegrative process in

such pathological cases versus mindfulness. Leading to a

further limitation, the present rationale was based upon the

conjecture that the process of disintegration during mindful-

ness is a ‘real’ state of consciousness which has parallels with

a psychotic world-view. If this fundamental hypothesis is

incomplete, then the interpretation of the present findings,

whereby changes in high-frequency cortical activity and the

N400 ERP were evident, will need to be reviewed from dif-

fering neuroscientific perspectives.

Synthesis

This study offers preliminary insights into the concept of

disintegration as propagated by mindfulness practice.

Posited within a phenomenological framework of insightful

versus pathological in the integration of visual processing,

the findings here suggest that the mindfulness process

parallels deficits in gestalt coherence apparent in psychosis.

However, the intention is not to suggest the two are one

and the same thing. Rather, to hypothesize that the disin-

tegrative process of mindfulness shares a unified regulative

neural mechanism/s with the fundamental fragmentation in

consciousness evident in psychosis. Furthermore, the cor-

tical component that delineates the two is possibly medi-

ated by the maintained stability in underlying synchronous

networks relating to beta-ERS. In that, the neural signa-

tures of mindfulness practitioners and cases of psychosis

both show abnormalities in gamma-oscillations reflecting a

possible disruption in the neural binding process related to

visual representation and cohesion. Moreover, both display

reduced N400 amplitudes reflecting diminished extraction

of contextual meaning from incoming stimuli. However, it

could be hypothesized that the ‘protective’ element of

Psychol Stud

123



mindful decomposition—into the void of fragmentation

and disintegration—pertains to a divergence in beta-oscil-

lations. That is, enhanced beta-ERS, as demonstrated in

practitioners, serves to stabilize at least one level of cortical

functioning during mindful disintegration, whilst other

factions relating to visual binding and related contextual

meaning could arguably be analogous to psychosis. It is

this constituent, the stability advocated by induced beta-

ERS representing nonlinear cortical dynamics, that may

provide a viable empirical measure of equanimity, and

potentially the component that sanctions the mindfulness

practitioner to enter the ‘void’, to completely decompose

one’s reality and sense of self without the confused fear of

the psychotic, but with the absolute clarity and fluidic

insight of the enlightened.
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