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M editation

1.1. Towards Definition
Meditation and meditation techniques have througlmigtory always been connected to

mysticism and religion. Considering the diversitiyreligious practices around the world,

their philosophical and cultural relationship,dtnot surprising to find the term ‘meditation’

employed in a highly imprecise sense such thatlescriptive power is greatly decreased.
Consequently some authors speak of term’s inadgquenxti argue its irrelevance in

neurosciences (Lutz, Dunne, & Davidson, 2007).

Indeed, there is an evident bias to interchangeitatexh with other epithets (e.g.
relaxation), but mostly these attempts to categowarious practices beneath the same
diagram reflect some intellectual tendencies in tearly 20" century, especially
perennialism. In science such a position becomes particulamplpmatic with demand of
test verifiability of the hypotheses. Other aspetthis recognition of the particularity of
contemplative traditions is related to advancesthe neurosciences (specifically the
knowledge of cognitive and affective processes)rdiie past decades. Various mediation
technigues may arouse specific responses and dherettivate specific neural circuits.
Hence, a more detailed and profound approach, wiaftacts the minute characteristics of
the technique in concern, is required. However, esauthors (Fontana, 2007), even though
acknowledging the differentiations among the digefsrms of meditation, recognize the
necessity to emphasise the common features, wiucbrding to them often outweigh the
discrepancies. This second standpoint concent@tesutual aspects but sometimes may
incline to dismiss important circumstances and dgawneral conclusions.

These two positions constitute the basic inconststan the study of meditation, so
typical for exploration in the social sciences engral. First is an understandable reaction on
the extreme reductionism and deficiency of quatntgainvestigations parallel to the rising
influence of qualitative research. The second mprs a more balanced access to those
specifics, which qualitative methodology cannotreaehieve. Moreover, we can conclude
that meditation practices have lost shade of migsticthat had often concealed their
important features from Western scientific traditiomportant factors are that meditation is
more and more practised in the West and also lieaé tis a sharp rise of neuropsychological
studies in the East where meditation is considemsate traditional. Analogically to
incrementing number of studies on the topic anadgig&nowledge of meditation, the quality
of research designs and methodology is likely tak¢e. As Shapiro (1984) states, there has

! Perennial philosophy (philosophia perennis) is notion of the universal recurrence of philosophical
insight independent of epoch or culture, including universal truths on the nature of reality, humanity or
consciousness (anthropological universals). The term was popularized in more recent times by Aldous
Huxley in his 1945 book: The Perennial Philosophy. The epithet remains in the use in philosophy of
some Neo-Thomist authors, but has otherwise mostly fallen from favour (wikipedia.org).
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been dramatic increase in the number of empiritakture, which is methodologically more
sophisticated and goes beyond the easy researstruds of the pioneering years.
Nevertheless, the problem remains if one is tongefmeditation’ in the context of
neuroscientific study, for a great variety of teicjues, practices and activities to which the
term might refer or be applied to. Correspondinglith the progress in the study of
meditation a change in the epithet’s applicatiomasable. Tendency to use the term in an
overall sense is being abandoned in the favourakrprecise and detailed description when
defining the object of scientific study, as demoaitsid by Lutz et al. (2007). Though,
especially in the application of meditation form psychotherapy we may still observe
disregard for the whole context of the techniquefanus and oversimplification of its
incorporation in the therapeutic process (e.g. RdesAlbeniz & Holmes, 2000). The
complex and multifaceted intervention, which mettbia represents in its mixture of specific
and incidental elements, makes it often challengiogdiscern its specific effectdo
standardize, quantify, and authenticate them fer rdsearch purposes, as well as for its
application as an intervention programme (Caspi &rl&on, 2005). For the reasons
mentioned we can hardly find definitions that wosldfficiently describe all the elements
which form meditation in all its complexity. The remeptualizations from early research
period are clearly insufficient and incomplete @wdnot meet criteria of up to date accuracy.
Present day definitions specify the term meditatmperationally, listing the different
parameters it should contain. Together with Cardesaal. (2004) we will understand
‘meditation’ (1) a specific technique (clearly defi), involving (2) muscle relaxation
somewhere during the process and (3) logic relamatno analysing, no judging, no
expecting) and a necessarily (4) self-induced stetieg a (5) self-focus skill (archor).

1.2. Classification

There are different ways to classify meditationnier A very common is categorization
based on the background of religious and philosghradition from which they descend
(Hinduism mediation techniques, Christian practicBlew Age meditations, etc.). This
approach however doesn’t help to constitute ingpeat summary desirable in sciences. To
put forward classification acceptable from the poss of neuropsychology, one should
accent those aspects which are related to the fmuewlals of the discipline. Generally
distinguished ar&Vesternand Easternmeditation forms which have many specifics of thei
own. In the Western spiritual tradition meditatioase tightly connected to the three
dominating monotheistic religions and from the sgmeespective were also considered the
Eastern meditation techniques. However, there ismanense difference between the two
traditions. In the first — the Western traditiongdhitation was a part of complex spiritual
practices and rituals, which were associated orb#stn of some central point; while in the
Eastern tradition meditation was a more autonomaiisn constituting the central position of
the religious practices and often having secularteods, such as martial arts. This fact
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became to be recognized from the 1970s when tke dtudies on the health benefits of
mediation started appearing and mediation was detwal from the religious background.

Both the Eastern and the Western techniques carabsified according to processes of
awareness and focus of attention, on concentratiediations and mindfulness meditations,
although the latter are more typical for the Easteligious, especially those outgrowing
from Hinduism. Theconcentratiorforms are used almost universally in religions apuitual
practices. During this type of meditation a praatér focuses attention on a single stimulus,
or invariant group of stimuli, such as the breathhe rise and fall of the diaphragm (Dunn,
Hartigan, & Mikulas, 1999). As the meditator plagstive role in the use of attentional
resources, this form of meditation is also callediva. Mindfulnesscan be defined as
allocation of attentional resources among all osgbf stimulation. Awareness is not focused
on any single object but is specified rather byeptiwity to all stimuli, while their evaluation
is repressed; therefore some authors prefer tdemsereceptive meditation. Farthing (1992)
characterizes mindfulness as deatomization of paoe Mindfulness meditation can also be
described as a form which focuses on the field @mtentration meditation as a technique
which focuses on a preselected specific objectimitte field;and still there exists variety of
methods which shift between the field and the dbjBc H. Shapiro, Jr., 1982). Attentional
processes of mindfulness and concentration meafitétius represent two poles of continuum
rather than discrete categories and can be likemgerception of Gestalt ambiguous figures
which illustrates fluctuations in field-object (fige-ground) in an effective means (Matrtin,
1997). Using attentional mechanisms as the bagigfofition Shapiro (1982, p. 6) states that
“meditation refers to a family of techniques whighve in common a conscious attempt to
focus attention in a non-analytical way and annaptienot to dwell on discursive, ruminating
thought.” The basic features and differences ofdfuimess and concentrative form are
summarized in Table |I.

Receptive Meditation Concentrative Meditation

Sustained attention, unfocused and inclusive Sustained attention, focused and exclusive, aided
by intention

An open, universal awareness; more formless A more one-pointed attention; more formed

Gentle, employing a light touch More forced, deliberate

Notices when attention strays Holds attention fixed

Not cultivated by struggle Requires willpower

A simple noticing of anything, distracting or Works best in an environment free from

otherwise distractions, physical and mental

Can shift into introspection and comprehension Comprehension is not a necessary accompaniment

Several approaches, translated as bare attention, Several approaches, translated as the path of the

mindfulness, insight, just sitting, Vipashyana, etc. absorptions, samadhi, the "vision quest,” etc.

Table| The basic features of mindfulness and concentration meditation (Austin, 2006, p. 30).



Another possible classification of meditation teiciues is their division between
meditation with ideatiomndmeditation without ideatioKin the term ideation we understand
imagination). The Western tradition has focusedhmnfirst type and has developed prayers
and spiritual exercises based on the core of idealihe meditator bears an idea or group of
ideas in the forefront of awareness and stimulaitegtellectual activity. Quite frequently the
ideation gains form of visualization and often exs into complex and detailed system, such
as contemplations developed by St. Ignatius Ldyala Vajrayana tantric practices of
Tibetan Buddhism. In meditation without ideatiolne tmeditator’s goal is to divert attention
from processes of cognition and reach state oferuleiss awareness of the mind (Fontana,
2007). For the character of the methods describedabvious that concentration meditation
is connected to ideation and mindfulness meditasamthout ideation.

Mikulas (1990) proposed division of meditation irflaur components — form, object,
attitude and behaviours of mind. Those which vaey inost among different techniques are
form and objectForm refers to the setting where meditation occurs thedpractices which
one does with one’s body while meditating. Thera iwide variety of methods in some of
which the body is immobile (zaz8nin others it is let free, some techniques suElYaga,
Tai Chi or Qi-gong involve physical movements, atitl in others the person participates in
daily activities while meditating (A. B. Newberg Kee, 2006). Founded on Osho’s division
we can distinguish active (or dynamic) and passmeglitation techniques. Active meditation
refers to those techniques in which one’s bodyt iaasuming static postur®bjectrefers to
the primary attentional target during meditatiédttitude can be described as mental set in
which one approaches meditation and is considevebtlet an important factor affecting
behaviours of mind during meditation (Mikulas, 19®unn et al., 1999)Behaviours of the
mind are strategies used to change one’s awarenesseofal or external stimuli (Mikulas,

% The Spiritual Exercises of Ignatius of Loyola, (written within 1522-1524) is a brief set of meditations,
prayers and mental exercises, designed to be carried out over a period of 28 to 30 days; Written with
the intention of enhancing and strengthening one’s faith in a manner that has distinctly Roman
Catholic aspects, Ignatius’ Spiritual Exercises present God and the Devil as an active players in the
world and its reflection in the human psyche. The main aim of the Exercises is to develop
“discernment” within human psyche, the ability to discriminate between good and evil spirits.
Discernment is achieved in order to act “with the Grace of God.” This is the context within which,
during the exercises, one thinks about humility, selflessness for the sake of the religious life, and
reflection upon natural sin. There is an important acknowledgment that the human soul is continually
drawn into two directions: both drawn towards Godliness, and at the same time tempted towards
baseness. Accordingly the Exercises provide several illustrations of how one might best be able to
refrain from satiating one’s lower desires and instead how one might find a means to redirect inner
energies towards the fulfilment of higher purpose in life (wikipedia.org)
® The goal of spiritual practices within Vajrayana tradition is to become Buddha by a being that
compassionately refrains from entering nirvana in order to save others. It is based on the concept of
upaya which emphasizes that practitioners may use their own specific methods or techniques in order
to cease suffering and introduce others to dharma — the “higher truth” or ultimate reality of universe.
This accelerated path to enlightenment is achieved through use of tantra techniques based on
visualization and esoteric transmission of certain accelerating factors directly from teacher to student
gwikipedia.org)

In Zen Buddhism is zazen (literally seated meditation) the primary method of meditation. The term
refers to the posture which aim is to calm the body and mind and experience insight into the nature of
existence and thereby gain satori (enlightenment) (Austin, 2006).
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1990). Attention can be directed outward and inwarah diverse combinations of the two. In
some techniques (Zen) are the attentional capsdieused on eternal or ultimate sources
and are connected to changes of consciousnessraitsd df behaviour (Austin, 1999)n
terms of energy we may divide the techniques impeard meditation which draws energy
upwards and ultimately draws consciousness outhef dody and causes psychological
dissociation, and downward meditation which britigs energy into the body, usually with
the hearth or third eye as the focus. Apart froen dltentional component of receptiveness
Bishop et al. (2004) propose experience-orientagi@ment which leads to insight into the
nature of one’s mind and adoption of de-centredpestive.

J. P. Miller (2006) categorizes meditation accogdia four different typesintellectual
meditation (e.g. vipassana, focus on awarenesslmedmination),emotional(e.g. mantra,
connection with the heargphysicalmeditation (e.g. Tai Chi, involvement with variciasms
of movement), andction-servicge.g. Karma Yoga, each act is an offering to tikend).

There are other possible ways to categorize metmhtgiractices, based on different
aspects of techniques. When we consider the neétdéa character of meditation, we may
end up with tens of different classifications. Hoee those mentioned here are probably also
those most agreed and widely recognized.

1.3. Methodological Challenges

Research on meditation is mixed and of questionghldity. Most of the studies are
methodologically flawed, with insufficient numbef cases, lack of standardized diagnostic
procedures and are limited to non-psychiatric pagporhs (Atkinson et al., 1996). At present
there are only few well-designed studies on meaditatmany studies in the area suffer from
lack of an adequate control group, small samplessimadequate evaluation of the integrity
of the treatment and unmeasured compliance (Al&@ambers, & Knight, 2006).

As mentioned above, meditation has many differepeats which should be considered
before designing and analyzing research. Studiesedfitation can be grouped into two main
categories based on their overreaching gadhlsrefore every study should be designed to
specifically aim the underlying question of intdréSaspi & Burleson, 2005). The classical
efficacy-effectivenessesearch model tests meditation against some mexxy comparator,
with the intention of assessing its relative effigand effectiveness for given conditions. The
most common form of design is in this case comparisetween groupsecond possible
form is within a subject comparison made in the esamdividuals in different conditions. The
explanatory research model focuses on identifying the mechaishat are related to
meditation that is, to determine how meditation works anddiscover its biological
mechanisms and neurological correlates. The exfganapproach measures physiological
changes that meditation produces immediately osegquently.

Whichever model is conducted there are methodadbgiballenges of such type that
research design must thoughtfully consider key @spef meditation that are currently
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unknown or uncertain (Caspi & Burleson, 2005). Tinest cited examples are the length and
frequency of meditation practice necessary to aehresults, and whether meditation effects
are linear or cumulative and for which conditiohsstapplies. Also, as different meditation
techniques produce diverse physiological respoitses probable that one technique may
produce different intersubject responses (Maup®651 Blackwell et al.,, 1976). If this
hypothesis regarding individual variability is iretktrue, as the most recent findings confirm
(Murata et al., 2004; Takahashi et al., 2005), taaother methodological step is estimation
of the most appropriate ways to address the stratween standardizing the intervention
protocol, which would back internal validity, anddividualizing it to support external
validity (Caspi & Burleson, 2005). Aptitude (or rdtute) by treatment interaction research
(ATI) offers solution to this problem by proposiagdesign which systematically considers
individual characteristics in the procedure of imémtion evaluation. The paradigm is based
on the conception that aptitude or attribute (Ajs every individual characteristic or variable,
may moderate (I, interaction) the treatment (T)ee&$ on an outcome (O) (Shoam &
Rohrbaugh, 1995).

AlsT—0

Caspi & Burleson (2005) suggest that the best ambrdo avoid the trap of false causality
between the aptitudes and treatmenta riori explication of the plausible aptitudes with
following confirmatory testing, rather than expltoa post hoc According to their solution
of methodological problems in the meditation reskeahe design should incorporate these
features (Caspi & Burleson, 2005):

Better matching among the research question, tlasgaf the study, and the design
chosen, especially as related to subject eligybilitteria and the choice of the comparator.
Clear explication of the particular meditation teicjue to be used in the study, with due
consideration to issues related to standardizasomdividualization.

Monitoring and assessment beyond the descriptivel lef compliance of the issues

related to meditation integrity and fidelity (i.ehe quality of meditation achieved as a self
practised technique) that may have an impact aapleeitic effects.

Examination of individual differences across sutgecsing the ATl approach, in order to

gain knowledge that can be used to better matclvithahls and treatments, thereby
maximizing treatment safety, efficiency, and efiieetess.

Integration of qualitative methods into quantitatslinical studies to achieve more robust
and enriched methodology.



1.4. Health Benefits
Based on early articles and books of 1970’s theidam view of meditation in non-

traditional Western conditions reduced its effemnisa type of relaxation. Benson et al. (1974)
practically devalue meditation techniques on ‘rateon response’ (RR), stress and tension
relieve program, which characterize (Benson, 2080)‘a physical state of deep rest that
changes the physical and emotional responsesdsssfr..] and the opposite of the fight or
flight response.” Thus RR is a learned behavioupractice describing a natural restorative
phenomenon that is common to all as a counterbalgmoechanism to the fight-or-flight
response recognized in 1915 by Walter B. Cannas.dtstate of profound rest that can have
lasting effects if any of a number of techniqueat timvolve mental focusing is practised
regularly.

Based on this presumption, it is not surprising tim@ditation has become one of the
many ways to teach clients to relax and reduceesyixAccording to Dunn et al. (1999) this
position is curious though if one considers the@aesh results achieved during the same time
period and contrasting Benson’s influential conttibn. In a series of EEG studies was
meditation (concretely Transcendental MeditatigitM)®) distinguished from commonly
encountered states of consciousness, such as Wadsfu sleep, and dreaming, and from
altered states of consciousness, such as hypnusisigosuggestion (Wallace, 197&EG
records from meditators practicing TM made distorttbetween the meditative state and
other states of consciousness (Banquet, 19f8)state of ‘pure consciousness’ as an outcome
of meditation was clearly discriminated from otlstates of consciousness (Badawi et al.,
1984). These studies revealed the uniqueness atiowsness of meditation and suggested
that meditation was fourth state of consciousness.

Hence, the first health benefits recognized asfatteof TM were related to Benson’s
RR: decrease of heart rate and blood pressurendineid respiratory rate and lower pulse
rate, decreased oxygen consumption and muscleterdgcreased blood lactate, reduction of
cortisol and noradrenaline. Application of meditatiand identification of its benefits were
studied especially in the context of cardiovascalad respiratory function (Badawi et al.,
1984; Wenneberg et al., 1997; Barnes, Treiber, &$§&001), anxiety, stress and increase of
positive affect (Kabat-Zinn et al., 1992; J. J. I8t Fletcher, & Kabat-Zinn, 1995; Teasdale,
Segal, & Williams, 1995; Teasdale et al., 2000)m¥ber of studies were also dedicated to
pain management in the patients with chronic pgmmpoms (Kabat-Zinn, Lipworth, &
Burney, 1985; Kabat-Zinn et al., 1986), influené¢eneditation on immune function (Solberg,
Halvorsen, & Holen, 2000; Davidson et al., 2008atment of insomnia (Woolfolk et al.,

® Transcendental Meditation® (TM) was derived from Vedic tradition and introduced by Maharishi
Mahesh Yogi in 1958. The technique is practised in sitting position with one’s eyes closed, twice a day
for the period of 20 minutes. It does not involve concentration or contemplation but aims to settle down
one’s awareness to experience a state of restful alertness. With the deep body relaxation the mind
transcends all mental activity to experience the simplest form of open awareness called
“transcendental consciousness.”
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1976; Khalsa, 2004) and physical or emotional sypmgt that may be related to chronic
ilinesses and their treatment (Speca et al., 2000).

The benefits of meditation, even though related,far simplicity often divided into three
groups:physiological(e.g. decreased hypertension and cholestgrgychologicaldecreased
anxiety, improved self-concept), arttehavioural (decreased stress or use of tobacco).
Meditation effects became soon linked together inalas clear that some of them have
common origin as an example of such factors may serve serofooufuction which can be
increased by meditation, low levels of serotonie associated with depression, obesity,
insomnia and headaches (Murray, 1999). In the iollg phase was research oriented on
connecting health benefits and discovering mutwadtors, especially on physiological,
chemical and molecular basis. Benson’s relaxagspanse was put in a larger physiological
context with the addition of nitric oxide as a nmlke involved in this learned response
(Stefano et al., 2000; Stefano, Fricchione, & E&EH)6).

Proliferation in the investigation of meditation svatimulated with the technological
progress in medicine in the recent years and tlveldement of new imaging techniques
which better explain or disprove some of the medmas of meditation. Currently the most
promising research approach to meditation seeks sthrificant changes in the brain
functioning which is believed to account for marfyte outcomes.

1.5. Adver se Effects
The application of meditation and its incorporatinrvarious therapeutic and intervention

techniques is on the rise mainly in the recent gjetmgether with incorporation of new and
alternative treatment methods in the compound systiehealthcare. The view of meditation

has changed from the primary reductionism to re¢larato conceptions of omnipotent

techniques, which are often applied in an erroneoasner and without considering possible
risks. Meditation was traditionally exercised byrywédew; it wasn't even practised by the

majority of Buddhist monks for which represents deatral point of religious experience. It

was never meant for many, nor was it ever consitisaée for the majority of people.

The research on meditation side effects and risk®unded basically on self-reported
evidence given by meditators and in many casesagpears as a co-product in the search of
possible health profitsnany studies have format of case report. Althotigh self-report
assessment methods seem psychometrically promisitig,great internal consistency, they
are developed exclusively to explore facets of ma¢éidn (Baer et al., 2006), particularly in
mindfulness which popularity has been growing i@ tacent years. Side effects and adverse
effects from meditation are still out of focus aametordingly there is a considerable lack of
reliable literature on meditation risks. This sttaa is somewhat paradoxical if we reflect
upon the fact that Easter schools of thought widedyn of the difficulties of following a
spiritual path, but is still comprehensible when thiank over the separation of body-mind



unity in the context of Western dualism and detashinof meditation from its philosophical
framework.

Adverse effects can be grouped into two categanelation to the moment of their
occurrence. Some outcomes may be present direatlpgdthe process of meditation while
others may manifest themselves just after pragtisin after some lapse of time. Shapiro
(1992) found that 62,9% of her 27 subjects rejgodigring and after meditation at least one
side effect and 7,4% even experienced profoundradwffects. The length of practice seems
irrelevant to the quality and frequency of the adeeeffects which Shapiro summarizes —
induced anxiety, tension increase, loss of motivatidepression, boredom, pain, impaired
reality testing, confusion and disorientation. §1i884) in his classification of side effects of
TM includes also procrastination, antisocial bebawviand decrease in tolerance of other
people. In both studies the meditators also reddgek addiction to meditation. That is, when
quitting meditation practising the exacerbatiovafious symptoms was observed.

Craven (1989) describes such side effects as mdésodations, feelings of guilt and
psychosis-like symptomsallucinations and dissociations from reality asoasequence of
meditation were also reported in several case esuffrrench, Schmid, & Ingalls, 1975;
Trujillo, Monterrey, & Gonzéles de Rivera, 1992;tl8e& Bhargava, 2003). Along with
derealization was confirmed that meditation caro gisovoke depersonalization (Castillo,
1990) and precipitate mania (Yorston, 2001). Kugpet al. (2007) gives an extensive
overview of mediation adverse effects together wihiew of studies and case reports and
concludes that “meditation may induce serious psldical side effects, including
depersonalization, derealization and psychotic $gmp like hallucinations as well as mood
disturbances” (p. 461).

With regard to possible vulnerability factors fibre occurrence of meditation-related
psychotic episodes, there is an increased riskdividuals with psychiatric symptoms in their
anamnesis and in person with certain personalitic&tre. There is also risk in the cases of
sleep and sensory deprivation, and physical exiwasas demonstrated in several case
studies (Chan-ob & Boonyanaruthee, 1999; Sethi &rBava, 2003). However, various
deprivation practices may in some techniques fonmnaportant component of meditation
process and can be in fact the path towards theofoseditation itself. The meditative trance
experience among Indian yogis is often charactdrizg dissociation, hallucinations, and
believes in possessing supernatural powers. WhiM/éstern cultures are such experiences
typically labelled pathological, in some Easternriggal traditions may be viewed as an
important part of spiritual awakening (Castillo0239.

Normally have meditation-induced psychotic episodsisort duration and are
characterized by a mixture of psychotic and affecsymptoms. There is a wide range of
meditation methods which were confirmed not dewdiduch episodes. Lu and Pierre (2007)
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document psychotic episodes associated with Bikhoge®, a culture-bound syndrome
induced by traditional Chinese medicine meditatwactices Qi-gong is listed both in the
Chinese Classification of Mental Disorders and DBMunder name Qi-gong Psychotic
Reaction and is characterized as “an acute, timidd episode characterized by dissociative,
paranoid, or other psychotic or non-psychotic syms [to which] especially vulnerable are
individuals who become overly involved” in Qi-gofiDiagnostic and Statistical Manual of
Mental Disorders 2000) the same reaction to overt exercise in vulneramesiduals may
also occur after Tai Chi practice, which sharegm$al parts with Qi-gong (Ng, 1999). Well
documented is also Kundalini Syndrome, which cdaddcharacterized as a set of sensory,
motor, mental and affective symptoms, reported gmadantly among people who have had a
near-death experience, and which is also attribttedoga meditation practitionetsin Zen
have been psychotic episodes well documented fdudes and are known asaky which

is defined as being the combinationnoé (devil) andkyo (objective world) and is translated
as ‘ghost cave’ or ‘devil cave.” Makyo refers tarokra, illusions or hallucinations which are
believed to lead to a demonic state and can beakestby the practitioner for kers(seeing
the true nature), the experience of enlightenmi€¢apleau, 1967/1980). Austin (1999, p. 373)
contradicts Shapiro (1992) with regard to the rafee of the length of practice and states that
“the side effects of meditation tend to stop whaohemeditative period is shortened, and will
fade when meditation is practiced regularly ovgreaiod of months to years.” Otis (1984)
concluded that also TM was not free of side effentsl that patients experienced more
adverse effects if they already had psychiatriordiers. There are accounts of adverse effects
associated with mindfulness practice in historiealtings. Such records recognize that
adverse events may be provoked by excessively svermmeditation, particularly without
proper or adequate preparation. Cited symptomsidiecproblems with pulse, heart and back
pain, and general feeling of nervousness, res@sssrand irritability, visions, ringing in the
seemingly out-of-body experiences, and/or insomifilen et al., 2006). Traditionally
recommended treatment for such problems might decloest and quiet, a break from
meditation practice, walks and specific dietaryiee\(Berzin, 2002).

As documented, in the wide range of meditation éegples, no matter of what origin,
historical context and philosophical tradition, @mcounter side effect which may be risk to
psychological health as we perceive it in our Wastelinical tradition. Lot of the
demonstrated symptoms seem alike among diversetatiedi techniques and we can

®Birkam Yoga also known as Hot Yoga was developed by Birkam Choudhury. It utilizes 26 yoga
postures and 2 breathing exercises in a heated environment (105°F/40.5°C) with humidity level of
40%. A dynamic yoga session at such temperature promotes profuse sweating which should rid the
body of toxins. The temperature also warms the body which facilitates its flexibility (wikipedia.org).

" However, some authors claimed that there was tendency of health professionals to ignore or
pathologize religious and spiritual issues brought into treatment and that there was need of new
category which would reflect the religiosity gap between clinicians and patients and would be sensitive
to cultural differences (Lukoff, Lu, & Turner, 1992). Such category entitled religious or spiritual problem
was included in fourth edition of DSM under Other Conditions That May Be a Focus of Clinical
Attention (Turner et al., 1995)
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presume that they have common origin, just as wasgllthere are some shared elements
concerning the health profits stimulated by mettitapractice. Based on the studies on side
effect in meditation we can conclude that therestesome personal predispositions to
development of psychotic episode induced by maditat

1.6. Meditation in Therapy
From the introduction of Benson’s RR there has eeemarkable growth in the use of

meditation in psychotherapy. In the first stage Was interest more theory-driven, oriented
on the potential use of meditative practices inttierapeutic process (Murphy & Donovan,
1983; Bogart, 1991). However, in the past two desathere has been rise in practical
utilization of meditation techniques in therapy ambdification of different meditative
practices for therapeutic purposes.

Deatherage (1975) studied the effectiveness of tatezh as a primary and secondary
therapeutic technique with a variety of psychiapatients and conceptualized meditation as a
cost effective self-treatment regimen that helpdeustand own mental processes and allows
to gain self-observing distance which is necessaryhe ability to control them. Carpenter
(1977, p. 403) concludes that “meditative and esoteaditions have much to offer to
psychotherapy [because] they provide differentgertve on the common therapeutic goals
of changing the relationship of the individual tonkelf and changing the relationship of the
individual to society.” He suggests that the efficaof meditation in therapy is due to a
combination of relaxation and training of the cahtnervous system (as introduced by
Benson), and cognitive and attentional restructutinrough self-observation and insight.
Also Shapiro and Giber (1984) examined two mainotlypsis regarding the meditative self-
regulatory mechanisms which benefit therapy, rdlaraand global desensitization are
attempting to explain meditation effectivenesseaduction of fears and phobias and referring
to insight and cognitive refocusing, while altergdte of consciousness is working through
changes in attitude and perception. Also many othghors of this time have seen the
potency of meditation in the possibility to obseraad categorize mental events and
subsequently to gain insight which is allowing daestep out of conceptual limitations and
stereotyped reactions and behaviors” (Bogart, 189386). Hence, the meditation is viewed
as a type of introspection which enhances the tyuahl therapy by the process of self-
exploration and which saves therapist’'s time. W®ysergistic approacltntends to combine
meditation and therapy which are perceived as tiealiy compatible and mutually
reinforcing (Kutz, Borysenko, & Benson, 1985).

However, with regard to meditation adverse effectd vulnerability of some individuals
to meditation-induced psychosis we must consides tpproach is rather naive. As
emphasize Shapiro and Giber (1984) meditation dao@aimply prescribed as an energizing
element to psychotherapy without a previous sealactf patientsthe therapist should be
very considerate when incorporating meditationhe therapeutic process. They noted that
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the positive effect of meditation had been documenh several studies on its short-term
application and in several studies on perceptudl/kahavioural improvement, concretely on
self-concept and perceived behavioural change. Mieless, they pointed out the
methodological weaknesses and suggested guidelfioesfuture meditation research:
“Because of the excitement and aura of mysteryectiy surrounding the technique of
meditation, there is a tendency to let enthusiasplace methodology. However, we believe
that [...] it is possible to design clinically onted research studies that provide relevant
information about the efficacy of different typelsnoeditation strategies, for specific types of
population, with specific concerns” (D. H. Shapido, & Giber, 1984, p. 68). The efficacy of
meditation was also questioned by other theoritth@time who pointed that there was no
clear evidence that meditation was in and of itdedfapeutic and that the critical therapeutic
variables underlying meditation could be othersnttihe exercise itself. Smith (1984)
discusses possible intervening variables in the itatezh efficacy and suggests that
expectation of relief and regular practice of sgtguietly are factors which are commonly not
controlled in studies on meditation effectiveness.

Some authors disagreed about the propound inteeaotincept and stressed that the goal
of meditation (illusion of the self) was irrecorable with the therapeutic aim of facilitating
development of cohesive ego (Bogart, 1991). Inualysbn compatibility of psychotherapy
and Buddhist meditation Bacher (1981) suggested #eqguential approachwhen
psychotherapy precedes meditation is more benkfi@a blending of the two. According to
his model it is important to respect individuality the development of the person
disidentification from emotional and egoic concepreduced by meditation can undergo
only those who are personally fully developed.

Bogart (1991) concludes that meditation as a muoithsional phenomenon can be useful
in psychotherapy in a variety of ways. First polesipplication he finds in physiological
relaxation and utilization of meditation in alletrtan of stress, anxiety, and other physical
symptoms. Secondly, meditation can bring about itivgnshifts applicable to behavioural
self-observation and management, self-limitatiams r@alization of pathological processes in
cognition. Third use may permit thorough accessthite unconscious as depicted in
psychoanalytic therapies, and meditative insigld imnconscious conflicts. In some cases
meditation may be compatible with psychotherapy @ard be effective in promoting its aims
in other cases it can be strongly contraindicated may endanger the therapeutic process
itself.

Traditionally the most studied and applied mediatiechniques have been transcendental
meditation and methods based on mindfulness, p&tlg mindfulness-based stress
reduction (MBSR). National Center for Complementangl Alternative Medicine (NCCAM)
recognize their positive effects and support suppl@ation of the two into therapeutic
process.

-13 -



Usefulness of MBSR as an intervention is sugge$teda broad range of chronic
disorders, and clinical and nonclinical problemgo$&man et al., 2004). The value of
mindfulness training is accepted especially foeris treated in individual psychotherapy for
symptoms of depression and anxjety addition to helping reduce psychological disre
MBSR may increase practitioners’ sense of agenclysafif-directedness, and therefore, the
utility of the technique as an adjunct to more itradal psychotherapy is supported (M.
Weiss, Nordlie, & Siegel, 2005). Baer (2003) digtirshes between interventions that are
based on mindfulness training (MBSR and mindfuldsssed cognitive therapy (MBCT))
and interventions that to some extent incorporatedfulness training (dialectical behaviour
therapy, acceptance and commitment therapy angdselprevention). However, there is an
argument whether mindfulness actually furnishesajme with unique elements or simply
accents some of its components. Therefore, theeeneed of further study on suggested
beneficial effect, especially dismantling and ramdted controlled studies are necessary to
further support and elucidate these findings. Irtipaar it is important to isolate the active
ingredients in the interventions and to identifycmanisms of action (Roemer & Orsillo,
2003). Also other authors criticize insufficient dmedge about the mechanisms of
mindfulness and the reliability of effects it igppwsed to produc@evertheless, the quality of
methodology and design of both the research andlithieal application has been improving,
and the future of mindfulness as an interventiag@m is considered rather optimistic and is
being viewed as a promising enrichment of therapéuterference (Kabat-Zinn, 2003).

If the popularity of mindfulness meditation amomgearchers is in the recent years on the
rise, the focus on TM has been enormous ever discéntroduction in 1958. In fact,
transcendental meditation practically aroused thensific interest in meditation. However,
during the following years TM has become a phenanethat arises many questions. The
technique was trademarked and thanks to ingenimategy of its founder spread around the
world. Now the official transcendental meditatioehsgite claim over six million followers
and support positive effects of TM in over 600 stifec studies which were published in a
collection of 6 volumes in Scientific Research oahdrishi’s Transcendental Meditation and
TM-Sidhi Programme (Yogi, 2007). However, this ambus misleading as many of the
articles are simply review papers, theoretical pgpa even science-fiction vision. The actual
number of studies published in peer-reviewed josriaonly 150 and there is a question of
how many can actually be considered valid and nweiat (Coppola, 2006). Among the
benefits of TM as described by the official website can find also “creativity and 1Q
increment and use of hidden brain reserves’(MVEIQ7). There is no wonder that many of
the positive findings and effects of TM are regdrdey scientific community rather
untrustworthy. The most critical studies on theeef§ of transcendental meditation are
traditionally published in Germany, where the moeemwas in the ruling of the highest
federal administrative tribunal, the Bundesverwaggericht on May 24, 1989 labelled
psychogroup” and is considered to be a sect or @duple of German government-granted
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studies acknowledged that TM can cause psychictete destruction of personalityTlie
Various Implications Arising from the Practice afafiscendental Meditation: An Empirical
Analysis of Pathogenic Structures as an Aid in Geling, 1980; Final Report of the
Enquete Commission on "So-called Sects and Psyshpgt New Religious and Ideological
Communities and Psychogroups in the Federal RepoblGermany1998). It is necessary to
emphasize that TM is only one of the techniquesivhiave common origin in Vedic mantra
tradition, however, is the most wide-spread andchdty the one most studied.

The interest in alternative medicine is increasimghe recent decades, partly due to
unbearable costs of western medical interventipag]y for their insufficiency. There is no
surprise that different national health systemseHasen incorporating alternative approaches
and slowly begin to regard them as equal or evg@ersar to traditional medical treatments.
The research on meditation as one such methodaly lto accelerate and bring forward
incorporation of meditation into therapeutic praceSceptics point out that “current evidence
for the therapeutic effectiveness of any type ofditagion is weak, and evidence for any
specific effect above that of credible control mEntions even more so [and that] the only
safety issue seems to be in seriously disturbegtmiat in whom meditation may trigger
psychotic episodes” (Canter, 2003, p. 1050). Otkers promising future of meditation as a
psychological intervention, but also multitude ajspible clinical applications for health
purposes, and finally its use for overall well-lzpifiWhereas therapy traditionally focuses on
the individual's problems and attempts to constaudtealthier self-image, a meditatively
informed therapy would promote realization of tmansience and insubstantiality of all
identity constructs as well as the cultivation gfuanimity, compassion, and friendliness
toward oneself and others” (Welwood, 1983, p. 49).

-15 -



Physiology of M editation

2.1. Meditating

As there are so many ways, it is difficult to désera generic process of meditation. Two
different techniques, though common in origin ahdrang mutual features, may yet vary in
small aspects which may have crucial consequer®gsan example can serve the huge
amount of techniques arising from Hinduism, in whiznly slight alternations may evoke
distinct physiological responses. As the two teghas most studied for possible therapeutic
use are based on mindfulness and concentration,wille further direct the general
components which are specific for each method heddatures they have in common.

Some of the general meditation facets we may bofrom research of psychedelics. The
resulting effect of psychedelics consists of thfeetors — set, setting and substance
(Strassman, 2001Fetis related to ourselves, our personal charadsjsand instant and
long-term anticipations. It is our personal histopresence and prospective future, our
interests, thoughts, habits and sensatiSestingapplies to the surrounding and environment
in which a drug is applied. The process of psychedession can be affected by things such
as if we are inside or outside, in nature or inty oy the quality of air and people which are
present. Hence set and setting can modify the tnegukffects of abstance The same
schedule we can apply to process of meditatiodacem substance wittechniqué.

Concentration mediation is characterized by atbventiocused on a single object or
invariant group of stimuli such as breathing, mewmisualization of an image, or real image
you look at, such as candle flamer a sacred icon. The most common example of
concentration meditation is TM technique which asd&d on repetition of mantra. Examples
of religious mantras include a Jesus prayer inGhastian tradition, the holy name of God in
Judaism, or the Aum (pravana) mantra in TibetandBigin. As a mantra can serve whatever
neutral or meaningless phrase, word or sound, hemsame may prefer real meaning.

Meditation starts with right meditating position.ost practices prefer sitting position
which was proved to be ideal for the right flowesfergy in body. In Yoga there is explicitly
restricted to practise when lying and the systemmedlitative positions (sitting postures) is by
far the most elaborated. Right position help indyatessiological body response (see
Physiological Changes, p. 18). The ideal, recomraémdeditation posture has seven features
(Ribush, 2000):

® In fact, diverse techniques may induce activation of different physiological processes and arouse
various brain regions and divergent electrochemical responses; therefore the parallel between
technique and substance is more then appropriate.

° Trataka meditation technique, or candle flame gazing, is one of Yoga meditation methods when the
sight is concentrated at some external object, often candle flame. Internal imagination of the object is
also common.
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1. Sit cross-legged on the floor, preferably in thi for half-lotus position, with a cushion
beneath your buttocks.

2. Keep your back straight, with your vertebrae onavalihe other like a pile of coins.

3. Keep your shoulders level and parallel with theiflo

4. Hold your arms slightly rounded and away from ybady, with your hands in your lap,
palm upwards, right on top of the left, tips of thembs touching.

5. Bend your neck slightly forward, with your chin ked in a little.

6. Close your eyes lightly or open them slightly, witbur gaze down the line of your
nose.

7. Also close your lips and teeth lightly, with the ©f your tongue touching the roof of
your mouth just behind your top teeth.

When seated comfortably, the meditator should cunate on the breath, the physical
sensation the breath makes as it enters and I¢heawostrils (breathe-in, breathe-out). The
breath shouldn’t be forced but natural, only obednSoon, as attention starts to drift away
from the breath, the meditator needs to refocust.onhe basic principle on concentrative
meditation lays in the deliberate concentration i@fdcusing of attention on the stimulus.

Receptive meditation forms the central role intdeching of Buddha where the correct or
right mindfulnes¥’ is essential factor in the path to enlightenment liberation. The core of
right mindfulness is to bring one’s attention a firesent moment, and by enduring in it the
practitioner begins to apprehend both inner an@roaspects of reality freeing the mind of
continuous judgment. The way to reach such a &atis through constant practice of active
meditation and years of practice in mindfulnessglftsThe therapy-used mindfulness can
therefore scarcely achieve the quality of the rigiridfulness.

For mindfulness practice there are similar requeets concerning the setting and the
posture of meditator as to concentrative meditafidre difference between the two is in the
work one does with one’s awareness (Table |.) Whdacentration meditation has clear
object of thought (anchor) and meditator leads ntack to it every time it wanders away, in
receptive meditation there is no object but emgsnef mind receptiveness could be also
defined as intense awareness of one’s thoughtsyations and actions. Mindfulness differs
from concentration in the way that where concermnainvolves the practitioner focusing the
attention on an object, in receptiveness is evesgeet of experience welcomed and
appreciated. Meditator takes role of impartial ebse of everything that passes before his
attention. There is no will or intention to be feed, the practitioner stays rather mindful, that
means fully awake and aware of what is going othatmoment. The only anchor used in

10 «Correct” or “right” mindfulness is the seventh element of the Noble Eightfold Path, the way
according to teachings of Buddha leads to the cessation of suffering (dukkha) and the achievement of
self-awakening.
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mindfulness is the breath which connects to thesgmt moment, but apart from that, no
attempt is made to direct the attention (Rinpo@0€0).

EEGs clearly differentiate these two basic meditatiorms one from another and also
show that they both differ from control states alinary calm relaxation (Dunn et al., 1999).
The possible explanation of the differences is EEEs explained on the basis of the
mechanisms which occur during the two forms. Incemtration meditation is attention
focused, in mindfulness one quiets his or her mwidiJe simultaneously is being aware of
flow of objects that appear (Mikulas, 1990). Altighuthe two meditative states may be
gualitatively different (based on different mectsam), it is still possible that the same
attentional mechanism is underlying their differ&®G patterns. That is, attention may vary
from a tight focus in concentration meditation tislevand diffuse focus in mindfulness (Dunn
et al., 1999).

Both meditation forms have some common processurestwhich help bring out
physiological changes and which combination diffiéisge meditation from other states of
consciousness:

reduction of sensory input (by focusing the semseseditation itself)

removal of mental conditioning (by not giving reago any sensory input)

settling down the breath rhythm

concentration and localization of attentional reses inward on the meditative process
raised awareness

ok wbdPRE

2.2. Physiological Changes

Scientific studies reveal that meditation produeespecific physiological pattern that
involves various biological systems. The most fesgly suggested changes meditation
produces are metabolic, autonomic, endocrine, hagical, and psychological. The way
these mechanisms concur in producing the finaepatf responses is yet unclear. The vast
complexity of biological organization indicates thhe physiological response to meditation
most likely occurs on a multidimensional, interaetbasis (D. H. Shapiro, 1980; Shin, 1997).
There have been many reviews published that clérgychanges meditation produces in our
body, The consensus is that meditation causesondaryphysiological and biochemical
changes that are appropriate to the deepnessasftin involved (Delmonte, 1985; Austin,
1999)

Relaxation response, the first thoroughly studibgsmlogical rejoinder to meditation,
was identified as the counterpart of the stredgybt-or-flight response (or sympatho-adrenal
response). Both states are produced as a natacia® to specific stimuli and are controlled
by autonomic nervous system (ANS) which can eithebilize the body for action through
sympathetic nervous system (SNS) or pacify the bttagugh parasympathetic nervous
system (PSNS).
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As mentioned above, the right posture helps brimgloysiological body changes which
further affect ANS regulative processes. Sittagand® position is advantageous because it
allows all the physiological activities go on notim@Mandlik, 2008):

1. Spine is erect which helps create proper balanstupm for digestive organs, heart and
lungs. These vital organs function at optimum leeslulting in increased efficiency and
reduced stress.

2. To maintain balance in these positions, brain ameroparts (hypothalamus, pyramidal
tract, extra pyramidal tracts, cochlea, neuro-miascjunctions) have to work less.
Gravity and antigravity muscles need not work herdnaintain the pose as the firm
triangular base provided by crossed legs reduceswitrk. Closing the eyes is also
possible without loosing the balance.

3. Abdominal muscles, diaphragm and muscles in thestchee stressed to the minimum
extent. Production of carbon dioxide is minimized that process of breathing is
minimized and continuous movement of diaphragmréeddo not disturb the state.

4. The brain and nervous system has minimal stresgshaomind can be peaceful and
relaxed and yet alert.

5. There is no danger of falling asleep as in moraxialy supine or lying down position.

6. The pelvic region gets the rich supply of bloodmiay result in toning up of sacral and
coccygeal nerved

Benson (1974) argued that the specific physioldgpattern (RR) is not unique to
meditation per se, but is common to any passivaxation procedure. However, subjects
always reported meditational experiences as ma®gpnd and enjoyable than control groups
practising relaxation (Kohr, 1977), and eventudiigre was found evidence of difference in
EEG studies (Dunn et al., 1999).

2.3. Metabolic and Respiratory System
Benson (1975) documented that meditation produgesfisantly deeper rest than sleep.

This is determined by oxygen consumption which gedlg decreases about 8% over four or
five hours of sleep, in meditation it drops 10-20#6the first three minutes” (Benson, 1975,
p. 64). This finding supported the results of Wal§1970, p. 167) who had observed oxygen
consumption decrease within 5 minutes after thetosmeditation. The §consumption is
regarded as a reliable index of physical activibd arousal; it changes rapidly and is

! Asana is a body position, typically associated with the practice of Yoga, intended primarily to restore
and maintain a practitioner's well-being, improve the body's flexibility and vitality, and promote the
ability to remain in seated meditation for extended periods (wikipedia.org).

2 |n Kundalini Yoga the power source is located in pelvic region. So far there isn't known any
research done on association between awakening kundalini power and increased pelvic blood supply
during meditation.
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controlled by metabolism. During metabolic processxygen converted to carbon dioxide
(COy) which is eliminated by the lungs. Body starvirfgogygen doesn’t lead to parallel GO
reduction, as the cells continue to metabolizeréingaining oxygen in the blood, but it causes
a decrease in the concentration of oxygen and aserén the concentration of G@ the
arterial blood. Wallace et al. (1971) found tharinly meditation practice is the relative
amount of Q@ and CQ in the blood (respiratory quotient) constant ahdréfore that the
metabolic changes of meditation have cellular ariga natural reduction of metabolic
activity. Some later studies show even greater erygpnsumption drop than Benson. Farrow
& Hebert (1982) document breath suspension in Thctitioners which led to oxygen
consumption fall of 40% at a 50% decline in redmrarate. Jevning (1983)indicated that
much of the whole body decline of, @onsumption in meditation was due to decreased
skeletal muscle metabolism

Murphy & Donovan (1997) analyzed some 40 studiesnmtabolic and respiratory
changes produced by meditation and found that oxygensumption is reduced during
meditation, leading to carbon dioxide eliminatidmat respiration rate is reduced and minute
volume is lowered, and that meditators sometimepend breathing longer than control
subjects without apparent ill effects. All thesedsés strongly suggest that meditation lowers
the body need for energy and the oxygen to metaddl and that meditation can be viewed
as a hypometabolic state like sleep or rest wathiitique psychophysiological patterns.

2.4. The Cardiovascular System

24.1. Heart Rate
Many contemporary studies have indicated that #erthrate (HR) slows during quiet

meditation and quickens during active disciplingseostatic moments. There have been
distinguished excitatory from relaxing forms, asabng their effects with ergotropic and
trophotropic conditions of central nervous system (Murphy & Donovan, 1997)

Majority of studies confirm the presumption that ditation decreases HR (Wallace,
1970; Lee et al., 2000) while others give evidetmeatra such generalization and demonstrate
the complexity of impact meditation has on cardsmedar functioning. Findings show that
different meditative protocols may evoke common éeffect, as well as specific responses
and that some meditation techniques (e.g. Chinésekindalini Yoga) may actually induce
HR (Peng et al.,, 1999). This ‘meditation paradowhen a variety of relaxation and
meditation techniques may produce active rathen thaiescent cardiac dynamics, was
described in several studies (Stancak Jr et é.1;1%hrer, Sasaki, & Saito, 1999). The factor

13 According to Gellhorn's model , the system in our body that controls adaptation and development is
actually comprised of two complementary (sometimes antagonistic) systems, each of which organizes
functions located at every level of the nervous system. The ergotropic system mediates fight or flight
responses and anatomically incorporates the functions of the sympathetic nervous system, the
trophotropic system is responsible for regulating the vegetative functions and anatomically
incorporates the functions of the parasympathetic system (Shapiro, 1984).
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responsible for cardiovascular response of organisnthe respiratory pattern of each
meditation technique breathing meditation was recognized the predoningactor
influencing blood pressure (BP) and HR (Barnes,i®at al., 2004). Heart rate variability
(HRV) as an indicator of the cardiac autonomic oants measured using two spectral
components — high frequency (HF, 0,15-0,50 Hz) Wiiscdue to vagét efferent activity and

a low frequency component (LF, 0,05-0,15 Hz), dusympathetic activity. The autonomic
status can be modified by combination of increases decreases in both HF and LF power,
which are produced under different respiratorygratt (Raghuraj et al., 1998). There is also
some serious evidence that meditation may modifgreflex sensitivity’ (Bernardi, Gabbuti

et al., 2001; Bernardi, Sleight et al., 2001). Heitccan be concluded that “certain forms of
meditation may be associated with activation oéaeld components of HRV response and
perhaps increased baroreflex sensitivity” (Penglet 2004, p. 25). In calming forms of
meditation such as TM, zazen, or Benson’'s RR isatle¥age heart rate declined of 7 beats
per minute but some authors found average dechmeng their subject as high as 15 beats
per minute (Bagga & Gandhi, 1983).

There is a question, however, if HR patterns dunreglitation differ from other states. A
meta-analysis of 31 studies concluded that hetetdial not significantly decreased during a
TM session compared to eye-closed rest (Dillbeckbdne-Johnson, 1987). Two possible
explanations for such findings are, that (1) resaind meditation do both involve sitting with
eyes closed and it appears that any differencesental activity between those two eyes-
closed conditions do not appreciably affect heatg,ror (2) subjects with either higher or
lower heart rates during the eyes-closed sessimh tie come to a middle level during TM
practice, an observation which still needs to Iséetd (Travis & Wallace, 1999).

2.3.2. Blood Pressure
Other important changes of cardiovascular functignare related to blood pressure.

There were found differences between BP in germmpllation and TM practitioners and it
was suggested that meditation is beneficial eslhedia long-term perspective, and that
meditators with more than five years of experiechad a mean systolic blood pressure 7,5
mm Hg lower than meditators with experience shdhan five years (Wallace et al., 1983).
Meditation reduces both systolic and diastolic BRd its positive effects were
demonstrated in such early age as 12,3 years (8abawis et al., 2004; Barnes, Treiber, &
Johnson, 2004). The efficiency of meditation isdewt particularly in the studies using
ambulatory blood pressure (ABP) which has bettetoggical validity and has been shown to
be a better predictor of cardiovascular compliceticand hypertension than clinic BP

“ The vagus nerve is the tenth of twelve paired cranial nerves, starting in the brainstem (within the
medulla oblongata) it extends through the neck to chest and abdomen, where it contributes to the
innervation of the viscera (wikipedia.org)

1 Impulses generated in the baroreceptors inhibit the tonic discharge of the vasoconstrictor nerves
and excite the vagal innervation of the heart, producing vasodilatation, venodilation, a drop in blood
pressure, bradycardia and a decrease in cardiac output (wikipedia.org).
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monitoring (Wenneberg et al., 1997). Meditationcaenmonly applied in the treatment of
hypertension and can be combined with traditionéaypertensive medication with efficacy
equivalent to adding a second antihypertensiontagagpproximate reductions of systolic and
diastolic blood pressure of 4,7 mm Hg and 3,2 mmnidgld be expected to be accompanied
by significant reductions in risk for atherosclérotardiovascular disease (J. W. Anderson,
Liu, & Kryscio, 2008). An important role in the delepment of essential hypertensidhas
been implicated to peripheral vasoconstriction.,(itetal peripheral resistance, TPR). There
was demonstrated that TPR decreases significanthingl TM and it is supposed that
decreases in vasoconstrictive tone may be the hgmaaudc mechanism responsible for
reduction of high blood pressure over time (Bareteal., 1999). Most studies also show that
there is a difference in BP response to meditaaioth relaxationwhile BP decreases during
meditation practice it tends not to change or iaseeslightly during relaxation, supporting the
claims of physiological difference between the {{Barnes et al., 1999; Barnes, Davis et al.,
2004). There is evidence supported by more tharst@flies that patients with moderate
hypertension improve with meditation and most @nthalso indicate that benefits disappear
without continued practice. Nevertheless, a tharapepproach to hypertension involving
meditation has been shown to be effective (Pa®al7;1lJ. W. Anderson et al., 2008)

2.4. Blood Flow Redistribution

Blood circulations, especially in muscle and braame closely related to metabolic
conditions and are very sensitive and consistentsimesponse to behaviour (Shin, 1997).
Wallace (1970) indicated a cardiac output decreds25% but this data was displaced by
evidence coming form two studies of Jevnings et(E3.76; 1978) who reported increased
cardiac output of 15% and 16%, respectively. Agesin cardiac output they found an
average 20% decline in liver blood flow, decreaseplatic blood flow by an average of 34%,
an average decrease in renal blood flow of 20%289d, respectivetythe authors theorized
that decreased skin and muscle blood flow was sigdeby other, indirect data, and that
since cardiac output increases while all measurgdroblood flows decrease, it is possible
that cerebral perfusion increases markedly duribd This hypothesis that most of the
distributed circulation must be to the brain hagrbeupported by direct estimation of
increased relative cerebral blood flow (Herzog kf #990-1991; Jevning, Wallace, &
Beidebach, 1992; Jevning et al., 1996).

2.5. Neuroimaging

Functional and anatomical neuroimaging techniquege hdramatically invigorated the
understanding of brain functioning, neurologicasalders and their causes, diagnosis and
management. Anatomical imaging techniques suchagmatic resonance imaging (MRI) and

'® Essential hypertension indicates that no specific medical cause can be found to explain a patient’s
condition while secondary hypertension indicates that the high blood pressure is a result of another
condition (i.e., is secondary).
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computed tomography scanning (CT) are useful feeadimg structural changes in the brain.
Functional imaging methods such as single photoisseom computed tomography (SPECT)
and positron emission tomography (PET) have beefulifor measuring changes in blood
flow, metabolism, and neurotransmitter activity.

Brain activation studies which apply neuroimagiaghniques to explore cerebral function
during various behavioural, motor, and cognitivektagenerally utilize SPECT, PET, and
functional MRI. Especially functional MRI (fMRI) Isabeen extensively developed in the past
years and explains high spatial and temporal résolun measuring changes in cerebral
activity. However, not all of these progressivehtaques can be used to study meditative
states. Functional MRI, which surely would bringsided insight into the neurology of
meditation, is impossible to use for the study @ditation because of the noise the scanner
produces. In some studies the investigators ateinfite use of fMRI, but the meditators
normally found it difficult to carry out the meditan practice, with little success when
attempts had been made to acclimatize (A. B. Negyki2006). Many of the neuroimaging
techniques also disallow meditators to engage tstupe or position necessary for regular
meditation progression, as they are usually coostdufor lying positionthere is no wonder
that many neuroimaging studies rather explore e¢dlam than meditation. Nevertheless, they
still bring beneficial findings which enhance ourdkvledge on meditation and consciousness.

2.5.1. Cerebral Blood Flow (CBF)
From the EEG studies comes clear evidence thattatiedi especially activates frontal

and central regions. These results were confirnkgal ia a number of other studies working
with neuroimaging techniques and it is clear thrahtal cortex plays essential role in the
advance of meditation. Apart from increased agtiintfrontal areas, particularly PFC, there
were also demonstrated some decreases in thegbaegions (Herzog et al., 1990-1991; A.
Newberg et al., 2001).

In the recent years there was a boom in the besearch using neuroimaging studies.
CBF allows better localization of the structuregoived in different functions In the recent
years there was a boom in the brain research wm&uogimaging studies. CBF allows better
localization of structures involved in differentnittions. Modern neuroimaging techniques
based on CBF usually have very good spatial resoltdtut show weaker results in time
resolution; on the contrary, some older functiom&thods based on electrical activity, such
as EEG and MEG, have excellent time resolution attaristics but are limited as to their
spatial resolution. Dynamic brain imaging techngszan CBF using various means of
recording. PET records brain metabolism using &dive molecules injected into the
bloodstream or inhaled in gas medium. fMRI is méréndlier to organism as it is founded
on oxygen metabolism. During increase in functioaetivity within the brain, the rise in
oxygen produced in increased blood flow actuallgeexis the tissue’s need for oxygen (Kolb
& Whishaw, 2003). As a result, the amount of oxygeactivated area increases.
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25.2. PET
Herzog et al. (1990-1991) measured cerebral mesaboduring Yoga meditative

relaxation (rather concentrative form) using PET &mund average metabolic increases in
several frontal regions (in percent): +0,5% (irdexi +2,74% (intermediate), and +0,07
(superior); average metabolic decreases in thretepor region were -1, 52% (temporo-
occipital), -9, 95% (occipital), and -6,3% (supenmarietal). The most obvious general trend
was toward reduced glucose metabolism in posteeigions of the cortex, bilaterally. The
increases in the frontal regions were rather shgien compared with the greater reduction of
metabolic rates in the posterior regions. The slighrease in frontal metabolism appeared
consistent with the mental effort involved in coniration; the greater posterior decrease was
explained by “reduced visual input during meditafi@lthough the eyes remained open”
(Herzog et al., 1990-1991, p. 185).

Similar PET study was carried out by Lou et al.9@p® who investigated CBF in nine
meditators during Yoga Nidta relaxation meditation. The session was carried inua
sequence of meditative and control conditions, médn being led by verbal guidance (45
min tape) which induced different stages of mettitat

2.5.2.a Meditation stages 1 and 2
First stage was described as “verbal guidanceet@xiperience of the weight of individual

body parts” and started 6 minutes after the indratof Yoga Nidra;, second stage was
initiated 16 minutes after the beginning of meditatand was expressed by “verbal guidance
to the experience of joy and happiness in abstoaot (i.e., not related to external events or
facts)” (Lou et al., 1999, p. 100).

These first two PET stages, in the confirmatiomesiults mentioned above, showed major
prefrontal increases in cerebral blood flow. Metilita on sensations of weight of limbs and
other body parts was supported mainly by parieted auperior frontal activity, more
specifically by the right superior and inferior fital gyri; abstract sensation of joy by left
hemisphere parietal and superior temporal (Wernanea) activity, concretely left inferior
frontal gyrus. Contributing to such increased fabmtctivity might be the nonspecific effects
of trying to focus on sensation in various bodyisag (stage 1), and on abstract feelings of
joy during the second stage (Austin, 2006).

2.5.2.b Meditation stages3 and 4
Third stage, starting 26 minutes after the onseYaja Nidra, was depicted as “verbal

guidance to the visual imagination of a summer $aage with forests, streams, and meadows

ol Yoga Nidra is a deep relaxation technique also called ‘yogic sleep’ in which mind and body is at
complete rest but with thorough awareness. The meditator becomes a neutral observer who
experiences the loss of conscious control and an enhancement of sensory quality. The mind
withdraws from wishing to act and is not associated with emotions, or the power of will. The technique
falls into mindfulness category.
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with cattle.” Fourth stage began at 38 minute ofditaéion and was defined as “verbal
guidance to the abstract perception of the seffib®lized with a golden egg.”

Even during the third stage there were apparemcesffof mental effort. During this
‘visual imagination’ stage there was increasedvégtin the occipital lobe with sparing of the
V1 region, and the parietal lobe. In fact, bothemdr occipital gyri showed some of the
highest cerebral blood flow increases recordedngdutine entire study. According to Austin
(2006) the internal image the meditators were utstd to envision is designed to evoke
substantial increases in occipital and parahipppediviood flow.

The fourth stage of meditation aroused bilateralepa activity (inferior left lobule and
superior right lobule), and activity in the leftgtoentral gyrus (the primary sensory cortex).

Authors also pointed to a strong bilateral hippogalmactivation common to most
meditative situations, and activity in parietal amctipital sensory and association regions
(except of V1) which was characteristic for combimaeditation measurements (meditative
state using visualization). Meditation on body pawas found to strongly activate
supplementary motor area (SMA), also parietal aoccipital activation was noted. During
second stage of joy and happiness, activation Wrassa exclusively limited to the left
hemisphere and included Wernicke region; authossiraed that this was due to abstract
verbal nature of the task. Third stage was charaetd by strong activation of visual cortex,
except for the primary visual cortex, and the galieortex. Activation of these and adjacent
regions had been previously associated with votyntesual imagery (Kosslyn et al., 1993;
Kosslyn, 1994). However, there is a differencehia kack of prefrontal and cingulate activity
during meditation, which authors explained by “leséitional, motivational, and emotional
control during relaxation meditation.” The conditizvhen meditators were following a tape
guiding differed from most studies on meditation enéh self-initiated and maintained
meditation is more common; internally generateddsaactivate the prefrontal cortex while
guided word generation does not, so whether othmtPFC is activated during meditation
might be explained by the type of approach practér uses (A. B. Newberg, 2006). The
remarkable lack of activity in V1 might be due tisual awareness which the striate cortex
doesn’t take part in (Crick & Koch, 1995; Lammaeakt 2000).

In one of the earliest PET studies of aware relargiAustin, 1988/1999) the subject was
lying quietly with eyes masked, and ears plugggttly with cotton, concentrating on the
movements of abdominal breathing. There was shoetalolic activity prominent in two of
the basal ganglia nuclei, the caudate and putaar&hin the thalamus. In the cortex, activity
was prominent over the middle, inferior, trianguk@nd opercular regions of the frontal lobes,
as well as transverse and superior temporal gyraste was high metabolic activity in the
posterior regions, especially in the innermost kdeplf the parietal lobe, the precuneus, and in
the cuneus, which is located in further in the pital lobe. There was also found activity in
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the hippocampus and in the posterior cingulate gyithere was noted that the higher
activation in the right hemisphere, which was emtdespecially in the deeper regions of the
parietal and occipital cortex, was due to hemisptdwminations. The left hemisphere is
presumably dominant for language, and the conditioihthe study — a nonverbal state of
mental and physical relaxation, of external visaafl auditory blockage — were therefore
reflected in the final image (Austin, 1988/1999282).

2.5.3. SPECT
Newberg at al. (2001) realized SPECT study in whlody measured regional cerebral

blood flow (rCBF) of eight experienced Tibetan Bhad meditators. The percentage changes
between meditation and baseline were compared @amelations between the structures were
determined.

The meditators focused their attention on a vigedliimage and maintained that focus
with increasing intensity for approximately 1 h wih@ey signalled the investigators that they
were about to begin the most intense part of mialitaThis peak experience is described as
a “sense of absorption into the visualized imagmeiated with clarity of thought and a loss
of the usual sense of space and time” (A. Newbead €2001, p. 114).

The authors found significantly increased rCBFha inferior and orbital frontal cortices,
the dorsolateral prefrontal cortices (DLPFC), tlemsorimotor cortices, the dorsomedial
cortices, the midbrain, the cingulate gyri, and thalami. The other regions showed no
significant changes in activity. There was founatrdase in superior parietal lobe (SPL)
which was negatively correlated with activity inftldLPFC (r=0,76; P=0,03). On the
contrary there were found positive correlationswieein activity in left DLPFC and left
thalamus (r=0,71; P=0,049), and the change in iactim the right DLPFC correlated
positively with the change in activity in the rigihtalamus (r=0,71; P=0,05).

Based on their findings the authors made sevenmatlasions about meditative practice
(Image 1.):

1. meditation is associated with increased activitthm frontal areas

2. increase in prefrontal activity joined by decreasesuperior parietal lobule (SPL) is
connected to visual-spatial tasks (Cohen et ab6),9n meditation is decreased activity
in SPL related to the sense of an altered expegiehspace

3. increased activity in sensorimotor areas may suggigeificant decree of motor activity
required to maintain the subject’s posture andetimeay be at least some form of visual
input from the internal images generated duringitagdn

4. increased activity in midbrain is related to alsron in autonomic nervous system
activity during meditation
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5. significantly increased thalamic activity is impamt for the overall complex processes,
thalamus activation may reflect its function as ajan relay among cortical and
subcortical structures

6. significantly different thalamic laterality index imeditators at baseline compared to
controls support the idea that meditation may Hamg-term effect on brain activity

Parietal Lobe Parietal Lobe

Image|. SPECT images at baseline and during meditation (from http://www.
andrewnewber g.com/r esear ch.asp)

The study, even though contributing to the knowéedg meditation and pioneering the
subject by use of neuroimaging techniques, showynflaws and overlooks or misinterprets
data gathered in previous research:

ad 1.The fundamental role of frontal and prefrontal area meditation has been well
documented in the EEG research and is relatedriicplar to awareness and attention
(Banquet, 1973; Klimesch, 1999).

ad 2.Coactivation of prefrontal and parietal areas lateel to many executive and cognitive
functions, including working memory, motion prodegs mental imagery, visual
attention, and spatial tasks; therefore, pariettiVation is rather general and produced
in unison with PFC (Culham & Kanwisher, 2001). lsvsuggested that “area 5 is the
site of higher order processing of somestheticrmédion received from the lemniscal
system, and may give rise to the neural code oitippsand form of body and tactile
objects in 3-dimensional space” (Sakata et al.,319Y. 85). The hypothesis that
decreased SPL activity is related to altered erpeg of space may be therefore correct;
nevertheless, this declination in SPL activity opgub by increment in PFC activity is
unusual and should be further investigated. Angplessible explanation of such inverse
activity of PFC and SPL might be related to visadlention during visualizing
meditation.

ad 3.In fact the findings about visual input were prexgty demonstrated in the study of Lou
et al. (1999) where extensive activation of vist@tex was accompanied by increased
activity in postcentral gyrus (primary somatosegsoortex); there was shown that
activity in sensorimotor areas is modulated byrditb® to movement (Johansen-Berg &
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Matthews, 2002) and that pure sensory input (sgnatiention) may interact with
motor output (Rosenkranz & Rothwell, 2004). As thereases in sensorimotor areas
were especially profound during visualization, thiéect of posture maintaining is
apparently rather minute when compared to the effiecisual input the meditation may
produce.

ad 4.The midbrain, located at the top of the brain stsna potent source in the pathway of
arousal (Sarter & Bruno, 2000). It is rather obwidinan surprising, that midbrain
reticular formation affects ANS. High frequency tmidin stimulation leads to cerebral
EEG desynchronization (Kaada et al., 1967), whddnactivation, in conjunction with
inhibition of serotonin production, guarantee EB@chronization (Jones, Lawrence, &
Bickford, 1983). This slow and synchronized patterespecially observable up in the
frontal and parietal regions, pointing probably widbrain relays related to visual-
spatial attention (Downing, 1988). Yet, midbrairt naly activates, but was also found
to suppress metabolism. In rat's brain, reticutanmfation reduces net firing of other
cells, including cortical and limbic neurons (Awusti1999). Hence, the midbrain
activation has many possible implications, thosenéibn related being the most
pronounced.

ad 5.As the authors conclude, thalamus may be indeeatiassd with many cognitive and
affective responses induced by meditation. It sthdoé noted that thalamus plays
important role in the pathways of arousal and gtmbulation of some of its parts may
even produce EEG desynchronization and light belaal responses in comatose
patients (Austin, 1999), and that “emotional disaurces, such as spontaneous laughing
and crying, from thalamic lesions are well autheated” (Papez, 1937, p. 739).
Nevertheless, modern neuroimaging techniques retlld to be refined to be able to
distinguish among the many nuclei that form thalamwhich may act differently during
various meditation forms.

ad 6.Again, the fact that experienced meditators shoangkd baseline activity had been
previously documented in a number of EEG studiesvi@son et al., 2003; Lutz et al.,
2004). It was suggested that meditation may moedudattical functioning but doesn’t
seem to lead to structural changes (Travis, Te&kc&utman, 2000). However, some
recent evidence proposes otherwise (Lazar etG05)2

The study of Newberg and his colleagues has bataisgd for reasons concerning the
meditation technique. The technique itself wasri#ady described and some of the
arrangements made to adjust it to research conditicere not mentioned even though they
might have been crucial for resulting neuroimadgewas noted that the meditators were
visualizing with increasing intensity an image imtbich they were absorbed at the peak stage
of meditation, however, the authors did not mentidrat sort of image was being visualized
and which kind of wilfully induced absorption ocoed (Austin, 2006). Still more questions
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arise when we consider that the two cortical regiaich showed the highest activation
increases (the orbitofrotal cortex 26%, the cintpulgyrus body 25%) were excluded from
further analysis, as well as was occipital assmriacortex. All these regions exhibit
fascinating and extensive interactive functions @redexplanation of Newberg et al. (2003, p.
117) that they analysed only those regions thatutd/anost likely interact with each other
during the task of meditation”, seems in this cghtather curious. Especially paradoxical is
the fact that the analysis didn’t include occipitaltex, which in the study of Herzog (1990-
1991) showed the greatest relative decrease, amhdhid authors overlooked the possibility of
frontal-parietal interconnection in association visual processing (see above), when the
technigue in concern was practically based on Vizatéon.

25.4. ftMRI
As fMRI is very noisy and the sound the machinedpoes can be distracting, Lazar and

colleagues (2000) hoped to minimize this disadwgtay prehabituating their subjects. Prior
to the measuring, their five experienced meditab@d been listening to an audiotape where
scanner sound was recorded, until they could cdatity achieve a meditative state despite
the disturbances of the tape.

The meditators performed a simple form of Kundahmeditation in which they were
passive observers of their breathing and silembeated ‘sat nam’ mantra during inhalations
and ‘wahe guru’ during exhalations. There was natina of whether their eyes remained
open or closed. There were two 12 min meditatiachkp preceded by a 6 min control epoch,
hence, two separate time points were availablgheranalysis (early and late). During the
control state the meditators silently generatedralom list of animals and did not observe
their breathing.

The first analysis compared meditation epochs withtrol epochs. Significant increases
during meditation were found in putamen, midbrairggenual anterior cingulate cortex, and
hippocampal/parahippocampal formation. Significactivation was also observed in the
septum, caudate, amygdala and hypothalamus irasit tleree subjects. However, the authors
admit that “these foci lay too close to areas ofepbal susceptibility artefacts to be
accurately localized and quantified, given our soag parameters, and so they were not
included” (Lazar et al., 2000, p. 1582). The secamahlysis compared early and late
meditation and identified multiple foci of activati in prefrontal, parietal and temporal
cortices, as well as in the precentral and postaengyri, and in hippocampal/
parahippocampal formation.

During meditation the subjects focus their attemtiprimarily at their breathing,
supporting the rhythm by mantra recitation. Thehatg described this as “a challenging task
requiring constant vigilance so that the mind does wander” (p. 1585). Hence, they
hypothesize that meditation will activate the regicand structures involved in attention
processing and that the limbic regions probably nheté autonomic output.
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The results found in this study help to map theralestructures involved in attention
(frontal and parietal cortex) and arousal/autonocoatrol (pregenual anterior cingulate,
amygdala, midbrain and hypothalamus). In additionthese areas there was identified
significant activation in the putamen, precentrainda postcentral gyri and
hippocampus/parahippocampus in a majority of sibjesuggesting that these structures
contribute to the meditative stage at some level.

Similar results as those obtained in the studyaddr and colleagues were reproduced in
a study of Buddhist mantra meditation (Hsien et 2007). The activation areas of right
hemisphere were anterior cingulate cortex (Brodnaea 25, seAppendix ) of limbic lobe,
middle temporal gyrus (B21), precentral and podte¢érgyri (B4&B3), and putamen and
thalamus. In the left hemisphere the activationsewabserved in anterior and posterior
cingulate cortex (B24&B29) of limbic lobe, and fdwo of the three subjects in
hypothalamus. It was postulated that activatiomany of the areas is connected to cognitive
functions, however, it was hypothesized that hyalaiimus activation might be related to
endocrine secretion.

Another fMRI study (Baerentsen et al., 2001), etleough lacking information about
meditation technique used, identified several stmeés which may take part in a hypothesized
‘neural switch*®. The onset of meditation was characterized byifsbgmt activation in left
lateral globus pallidus, right inferior parietabk and right precentral gyrus (B4&B6), while
no significant deactivation were found. Fixed effanalysis revealed significant activations
in the left frontal (B11), paracentral (B4), inferiparietal (B40), and lateral temporal (B22)
cortex. Activation was also found in the anteriorgelate (B24), hippocampus, and central
areas of the brain. Especially prominent were atitm in the right temporal lobe (B21), the
superior parts of the right gyrus paracentralis&B@) and prefrontal cortex (B10&B11).
Significant decreases in activation were observedhe visual cortex (B 17, 18 & 19),
especially in the right hemisphere, in the posteciogulate (B31), parts of left prefrontal
lobe (B10), and the right central cortex (B2, B8)B

Ritskes et al. (2003) prosecuted research of tip@thesized ‘neural switch’ and found
activation in the prefrontal cortex (gyrus fronsalnedius, right side, B10) and in basal
ganglia, together with decreases in the gyrus detig superior and the anterior cingulate
(B32). It was suggested that “this combination mirfevents may reveal the neural basis of
the experience of enlightenment in Zen [...] where and place limits have disappeared, and
a great feeling of love/unity is experienced” (p.8 88).

'® Based on previous data from EEG research, which showed that during the first minute of meditation
occur rapid shift in physiological functioning, Travis (1999) proposed that there are two complementary
neural networks that underlie meditation. One network functioning as a ‘neural switch’ mediating the
shift from normal consciousness to meditation, and the other as a ‘homeostatic threshold regulation
mechanism’ sustaining restfully alert state of mind.
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2.5.5. Putting It Together
Esch (2004, p. 10) concludes the findings of varioguroimaging studies of meditation

in a general statement saying that “With regardhe CNS, the RR [understand relaxation
response] activates areas in the brain respongibl@motion, attention, motivation, and
memory (e.g., anterior cingulate, hippocampal fdroma amygdala) and may also serve the
control of the autonomic nervous system.”

As demonstrated by Lou et al. (1999) different rtedttin techniques activate various
brain structures, depending on the nature of teghnitself. Hence, during the task of body-
weight feeling Lou’s meditators showed increasetivigg in superior frontal gyrus, which is
related to self-awareness (Goldberger, Harel, & adal 2006), visualization activated
occipital regions that are dedicated to visual pssmng, and during the task of abstract
feelings of joy there was shown activation in tb# frontal region which is according to the
valence theory responsible for positive emotiorcpssing (Hellige, 1993).

Frontal cortex was previously recognized the kayrolegical correlate to meditation, and
especially its prefrontal structures seem to berdgsd during all the meditation session.
Prefrontal cortex has great number of connectidooth higher and lower brain structures, in
meditation the basic ones are interconnections siibular activating system (RAS) which is
believed to be centre of arousal and motivationd &mbic system that is responsible
especially for emotions and memory.

Esch (2004) noted that deep CNS structures araatrcomponents of the neural RR
pathway and that these components primarily comsi$itnbic structures. Among the most
important increases in rCBF following or coming rajowith meditation he names the
dorsolateral prefrontal cortex, inferior or orbitlbntal cortices/anterior regions, inferior
parietal lobes, precentral and postcentral gympteral lobes, cingulate gyrus, hippocampus
and parahippocampus, amygdala, globus pallidustisin, thalamus, and the cerebellar
vermis. There are some inconsistent results wiglane to the parietal cortices, some studies
showing simultaneous activation along with prefebraireas, yet other studies demonstrating
an inverse correlation between the DLPFC and tlsdateral superior parietal lobe (A.
Newberg et al., 2001; A. Newberg et al., 2003).

To describe the possible pathways of meditation] decide what part all the above
mentioned structures play in its neural networlhagond the extent of this work. However,
based on the evidence coming from the neuroimagingdies there can be drawn some
general conclusions regarding the neural correlaiteseditation:

1. neural activity is highly dependent on the chanacteneditation technique used

2. frontal cortex plays crucial role during the whaoteditative session

3. meditation activates emotional, attentional andivatibnal neural circuits, as well as
frontoparietal structures and circuits related &rmmory
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2.6. Neur ochemical per spective

Founded on previous rudimentary neuropsychologiteddel explaining the brain
mechanisms underlying meditative experiences (dliAguNewberg, 1993) and including
new findings of neural and chemical nature of negaih and religious practices, Newberg
and Iversen (2003) propounded a model of neuroplogical network possibly associated
with meditative states (Image I1l.). Further we widiscuss this model and possible
implications it has on meditation.
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Image 1. Neur ochemical model (from Newberg & |versen, 2003).

2.6.1. Prefrontal and Cingulate Cortex
Several studies have demonstrated that wilful actd tasks that require sustained

attention are initiated via activity in PFC, paudi@rly in the right hemisphere (Frith et al.,
1991; Ingvar, 1994). Significant unilateral left rdolateral prefrontal activation during

semantic tasks suggests that the left inferior rpngéél cortex is the anatomical region
involved in ‘working with meaning’, and that thetiaation does not reflect willed action

(Kapur et al., 1994). DLPFC was confirmed to béical to executive-attention functions in

actively maintaining access to stimulus represenmtatand goals in interference-rich context
(Kane & Engle, 2002). Willed actions are controll®da network of frontal cortical (DLPFC,

supplementary motor area, anterior cingulate) anmtartical (thalamus and basal ganglia)
areas (Jahanshahi & Frith, 1998).
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The anterior cingulate cortex (ACC) can be dividmthtomically based on attributed
functions into executive (anterior), evaluative gfmvior), cognitive (dorsal), and emotional
(ventral) components (Bush, Luu, & Posner, 2000yvds suggested that ACC takes part in
emotional awareness (Lane et al., 1998). ACC isecied with the PFC and parietal cortex
as well as the motor system and frontal eyes fieldd is involved in executive attention and
metacognitive regulation (Posner & DiGirolamo, 1R9Bhe cingulate gyrus appears to take
part in focusing attention, apparently in conjuoctiwith the PFC, anterior parts being
executive and posterior evaluative (Vogt, FinchO&on, 1992). In one later study it was
suggested that cingulate, and especially ACC, dgtoaordinates and integrates activity of
multiple attentional regions throughout cerebruratéiPson et al., 1999). One recent study of
neural correlates of attention revealed that largit practitioners had significantly more
consistent and sustained activation in DLPFC an€ Aldring meditation than had the group
of short-term practitioners, and that this actimatmay vary over the time of a meditation
session (Baron Short et al., 2007).

Since meditation requires an intense focus of tttenit is logical that Newberg’s
meditation model begin with activation of the PH&articularly in the right hemisphere,
together with cingulate cortex. This conceptiosupported by the increased activity in these
regions typical for the onset of meditation andesbed in several EEG and brain imaging
studies of volitional types of meditation (Wallad®,70; Banquet, 1973; Herzog et al., 1990-
1991; Lazar et al., 2000; A. Newberg et al., 200Quantitative analysis demonstrated
increased activity in the PFC bilaterally, but gezaon the right (Austin, 1988/1999; A.
Newberg et al., 2001, Img. 1.). Therefore, meditatseems to begin by intention and will to
clear one’s mind of thoughts or focus on an objant thus by activation of prefrontal and
cingulate cortex.

The prefrontal and cingulate cortex activation sed¢m be mediated by the excitatory
neurotransmitter glutamate (Ingvar, 1994). DopamiD&) hypofunction was related to
glutamate-stimulated release defect and on rat hmiodeas demonstrated to play role in
attention deficit hyperactivity disorder (Russe2Q03). Also there is an evidence which
indicate that obsessive compulsive disorder is gefglutamatergic and ADHD
hypoglutamatergic condition, with prefrontal bramegions being especially affected
(Carlsson, 2001).

2.6.2. Thalamus as Part of an Attentional Network
Based on several animal studies showing that daetdv®FC innervates the reticular

nucleus of thalamus (TRN) by excitatory neurotraittemglutamate (Glu), Newberg’s model
propose that this thalamic activation further iefices sensory processing, the lateral
geniculate nucleus of thalamus being responsibleifual data routing to the striate cortex.
In the model the lateral posterior nucleus of thmla provides the posterior superior parietal
lobule (PSPL) with the sensory information it needs determine the body’s spatial
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orientation. When excited, TRN secrets the inhilyitoeurotransmittey-aminobutyric acid
(GABA) onto the lateral posterior and geniculatelay cutting off input to the PSPL and
visual centers in proportion to the reticular aation.

The activation on thalamus is far more complex tNawberg and Iversen propose. It was
suggested that in humans the pulvinar and the rdedsal nuclei of the thalamus represent
the targets of a prefrontal top-down (voluntary) dulation of attention (LaBerge &
Bauchsbaum, 1990), and it is speculated that inseweral ventro-lateral thalamic nuclei are
involved in the interaction between arousal andrditbn, TRN being one of them (Portas et
al., 1998). However, this hypothesis hasn’t begmpetted by any serious data and remains
only a speculation. TRN has many connections ameives axonal collaterals from the
corticothalamic, thalamocortical, and midbrain cekar formation projection systems;
nevertheless, evidence on details of reticular eotions is incomplete and there is clear need
of “much more detailed information about these higirganized connections before we can
understand exactly how the thalamic reticular nuglmight be influencing thalamocortical
pathways in attentional mechanisms or in otheryeasundefined, roles” (Guillery, Feig, &
Lozsadi, 1998, p. 28). On an animal model it waswshthat activation of the TRN visual
center is in the awake, attentive animal, predontigaunder visual cortex control (Montero,
1999, 2000). Variety of pharmacological, electrogblpgical, and biochemical evidence
supports a role for Glu as a transmitter in thaleoniical fibers to primary sensory areas
(Kharazia & Weinberg, 1994). It has been demoredirétat the activation of corticothalamic
fibers influences functioning of thalamocorticallaye suggesting that shifting from
drowsiness to arousal may be a consequence ofaseuleactivity in the circuit itself, in
addition to effects of modulatory transmitters asked from neurons located in lower lying
brain structures, and that the existence of sudningic and descending activating
mechanisms in thalamocortical systems may actuakplain the ability to consciously
modulate ones own level of arousal (McCormic & \Knosigk, 1992). It was suggested that
the mechanism by which the thalamocortical netwaaksform from one form of activity to
another is due to differential activation of thalaif®ABA, g receptors in response to varying
corticothalamic input patterns (Blumenfeld & McCac2000).

Attentional activation of thalamus was documented @& number of studies, the
mechanism, however, remains unclear. There is pg@éhat support the role of Glu in such
process, yet there are indications that dopamioesgstem participate in regulation of
glutamatergic system. Experimental data show sggmt alternation in attentional processes,
thus raising the question of direct involvementDA in regulating attention (Nieoullon,
2002). However, propound meditation model doesflect these findings at all. For sure it
can be stated that activation of thalamus triggérbitory GABA secretion that regulates the
main output neurons of the thalamus, the thalantioebrrelay cells; predominantly the
GABAGg1a,2) receptor subtype controls the release of Glu feomicothalamic fibers, TRN as
an origin of this corticofugal inhibition being turn excited by either thalamic or cortical
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inputs (Ulrich, Besseyrias, & Bettler, 2007). Fbetpresented complex nature of thalamic
functioning we can conclude, that at this levellevberg and Iversen’s model founded rather
on speculations and that it neglects some seriata dbout thalamic neurochemical
interconnections.

2.6.3. Posterior Superior Parietal LobuleInhibition
As mentioned above, at another level of the mobel TRN secrets neurotransmitter

GABA onto the lateral posterior and geniculate eyautting off input to the PSPL which is
heavily involved in the analysis and integration lifjher-order visual, auditory and
somaesthetic information, and is involved in attardl tasks related to spatial orientation.
According to Newberg and Iversen “deafferentatibthese orienting areas of the brain is an
important concept in the physiology of meditati@¢ause] they alter the perception of the
self” (2003, p. 286).

Indeed, deafferentation of the PSPL has been stggpdoy two imaging studies
demonstrating decreased activity in this regionrgduintense meditation (Herzog et al., 1990-
1991; A. Newberg et al., 2001). Nevertheless, othexging studies do not duplicate these
findings and show either insignificant change imigtal regions, or increased activity. EEG
studies demonstrate rather significant increasgmiretal activity. According to Esch et al.
(2004) the reported findings with regard to theigdal cortices are ‘inconsistent’. Dunn et al.
(1999) reported grater parietal EEG activity duricgncentrative form than mindfulness,
however, there was also suggested frontopariettl/ation produced by mindfulness
meditation (Lutz et al., 2004). It is probable tligterent meditation techniqgues may cause
parietal activation/inhibition. Posner and Peter$&®90) proposed that SPL activation is
related to imagery. Even though there is no evidesigpporting this suggestion, it is still
surprising that Newberg & Iversen incorporated PSfHibition in their general model of
meditation, when there is clear evidence thanit isniversal feature of meditation.

2.6.4. Limbic Activation
The hippocampus has been documented to play robransal and was suggested to

modulate and moderate cortical arousal by increasdsdecreases of its own activity; it was
propounded that during high neocortex stimulatioippocampus functions at much lower
level and monitors reception and processing ofrinédion, while low neocortex arousal it
compensates by increasing its own level of arofisseph, 1990).

In anatomical terms, the hippocampal archicortex lma conceived as an ‘appendage’ of
the large neocortex, the main function of of thepleicampal formation being modification of
its inputs by feeding back a processed ‘reaffecaqty’ to the neocortex (Buzsaki, 1996).
According to Acquas, Wilson, & Fibiger (1996), theis satisfactory evidence that basal
forebrain cholinergic neurons with projections te tfrontal cortex and hippocampus are
activated by behaviourally salient stimuli, suggestthat these neurons are involved in
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arousal and/or attentional processes; lesions @sethbasal forebrain neurons have been
reported to result in impairments in memory ane@rdton, and have been associated with
Alzheimer’'s disease, which is characteristic byidaiesf in cognition and attention. Even
though the acetylcholine (ACh) associated aspettattention are related to detection,
selection and processing of stimuli and associati@arter & Bruno, 2000), which are not
primarily involved in the state of awareness askedoby meditation, the role of ACh in
arousal cannot be simply ruled out, as presentétbimberg and Iversen’s model.

Hippocampus is activated by glutamate metabotropeeptors in hippocampal CA3
pyramidal cells and it was found that Glu can iredether a fast or slow excitation (Charpak
et al., 1990; Charpak & Gahwiler, 1991). The sawe lbasic modes of operation (i.e., steady
firing and burst discharge) display also principaurons in neocortex and thalamus
(McCormic & von Krosigk, 1992). Glu really seem lbe the main neurotransmitter in the
attentional processes connected to meditation, udial)y hippocampal activation.
Nevertheless, as the dichotomy of presented hipppah operation is regulated by
hippocampopetal subcortical modulatory system, ethisr arising a question of neuronal
connectivity between the hippocampus and cortexx$Bki, 1996). The proposed descending
pathway seems to be influenced at least to soma lgy other structures which role is,
however, ignored. Apart from above mentioned bésadbrain, there arises a question of
involvement of basal ganglia in meditation-enhancedirophysiological changes. Some
imaging studies showed significant basal gangliivaiton during meditation session
(Austin, 1988/1999; Ritskes et al.,, 2003). Basahglja were associated with attention
focusing and willed actions (Brown & Marsden, 1998hanshahi & Frith, 1998), and their
role in attentional network, therefore, shouldrétignored.

Hippocampus functioning is closely related to theygdala which is responsible mainly
for emotion processing. Joseph (1990) suggestedhbaiippocampus greatly influences the
amygdala, such that they complement and interattergeneration of attention, emotion, and
certain types of imagery. Newberg and Iversen ohetl this suggestion in their model,
despite of lack of empirical evidence. Indeed, nigira cognitive evaluation of angry and
fearful facial expressions there has been docurdenteeased activity in right prefrontal and
anterior cingulate cortex, as well as orbitofrontaltex, which positively correlated with
amygdalar activation (Hariri, Bookheimer, & Maz2&t2000; Hariri et al., 2003; Ochsner &
Gross, 2005). These observations, however, dolnodate the mechanism of neural circuity
engaged in emotional and attentive processing. Mippocampal stimulation of amygdala
remains only a hypothesis with no empirical evigera fact, some recent findings propose
that the amygdala actually stimulates hippocamphe.amygdala has reciprocal connections
with sensory cortical processing regions, sucthassisual cortex (Amaral, Behniea, & Kelly,
2003), which allows respond to an emotional stimulapidly, even before awareness and
cortical processing (Whalen et al., 1998; O'Coretal., 2002), and irrespective of attentional
focus (Vuilleumier & Schwartz, 2001; A. K. Andersen al., 2003). These results support
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proposed two parallel pathways to amygdala, oneatibally mediated, thalamo-amygdala
pathway, and one cortically mediated, thalamo-corimgdala pathway (LeDoux, 1996; A.
K. Anderson et al., 2003). It seems that amygdatavity is triggered rather by cortex or
thalamus than hippocampus, which function in cogtseeem to be at least to some extent
amygdala-mediated. It was also suggested thatirtii|@d system consist of two divisions, a
paleocortical division (amygdala, dorsomedial thatanuclei, and the orbitofrontal, insular,
and temporal polar cortices, with extensive conpastto dorsolateral prefrontal cortex and
posterior parietal association cortex) which ispoesible for processing of information
concerning the external world, and the archicorticasion (hypothalamus, anterior thalamic
nuclei, cingulate gyrus, hippocampus, with conmai to brainstem reticular formation)
which mediates important aspects of learning, mgmand attentional control, as well as
information related to internal states (Mega et B997). The propound model of Newberg
and Iversen therefore seem to be erroneous in diea bf descending hippocampal
connections to amygdala in attentional processing.

2.6.5. Hypothalamus and Autonomic Nervous System Changes

Newberg and Iversen propose that the right amygstafaulation results in activation of
the ventromedial portion of the hypothalamus arsilasequent stimulation of the peripheral
parasympathetic system. Parasympathetic changebecassociated with initial relaxation
and later state of quiescence. The heart rate ssathing moderation would lead to reduced
innervations of the pons’ locus coeruelus (LC) lyagigantocellular nucleus of the medula.
Decreased LC stimulation is connected to norepineeh(NE) decreases. Reduced LC
activity would also lead to reduced supplementatbrihe PSPL and the lateral posterior
nucleus with NE, a neuromodulator that increasesseqtibility of brain regions to sensory
input. Therefore, NE would decrease the impacteofsery stimulation to PSPL, contributing
to its deafferentation.

Newberg and Iversen also suggest that the LC waelider less NE to the hypothalamic
paraventricular nucleus, which typically secretsticotropin-releasing hormone (CRH) in
response to NE innervation. Less CRH would causesidocadrenocorticotropic hormone
(ACTH) secretion and would lead to lesser produnctid cortisol by adrenal cortex. Cortisol
is known to be one of the body’s stress hormonestariower secretion would therefore help
maintain the state of calm awareness during meafitat

Indeed, it has been documented that the amygdaéxtensively interconnected with
hypothalamus; however, the role of amygdala is atneaclusively related to fear processing
and therefore has rather excitatory effect (Dat#92). Newberg and Iversen misinterpret
Davis’ data concerning the hypothalamus functionvten they propose that ventromedial
thalamus leads to peripheral parasympathetic ditiva Davis connects amygdaloid
projections rather to excitatory states and vigita(Davis, 1992; Davis & Whalen, 2001). In
fact, proposed amygdala stimulated hypothalamiectires are involved in activation of the
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sympathetic nervous system as seen during feaamxidty (LeDoux et al., 1988). On animal
model it has been documented that ventromedial thgtemic lesions lead to PSNS
hyperactivity and SNS hypoactivity (Inoue et aR9%; Jeanrenaud, 1995). Hence, the idea
that ventromedial hypothalamus stimulates PSN8adsrirect. Davis (1992) proposes that the
role of amygdala in attentional processes is stony and that amygdaloid projections to
ventral tegmental area (VTA) may mediate state-teduincreases in dopamine metabolites
in the prefrontal cortex.

Hypothalamus may really evoke parasympathetic obsngut the pathway described by
Newberg and Iversen doesn’'t seem to be accuratadtfound that lateral and ventromedial
hypothalamus controls sympathetic and parasympetheputs into liver, and therefore
regulates secretion of cortisol (Shimazu, 1981)] #imat paraventricular nucleus of the
hypothalamus may elicit increases/decreases irdioessure via excitatory connections with
reticulo-spinal vasomotor neurons (Yang & Coote98)9

In this depths of the brain the propound model eivlerg and Iversen seems to be built
on speculation and misinterpretation of currentvidedge. The density of interconnections of
subcortical limbic structures makes it hard to dode what is their role in attentional
processes and how they add to the course of meditat

2.6.6. Conclusions Coming from the M odel
Newberg and Iversen’s model can be without hesitatbelled ‘not scientific’. Not only

it disregards data that are contradictory to theppsed neurochemical circuitry but it also
misinterprets some commonly known facts and citeth@as whose conceptions and
hypotheses were never confirmed.

The most obvious blunder is, however, the leveg@feralization Newberg and Iversen
use. Their model is built on a peculiar mix two Weistinguished forms of meditation,
concentrative and mindfulness. These two forms lhaen well differentiated from relaxation
in EEG studies (Dunn et al., 1999) and are recaghias two unique kinds with specific
attentional patterns that most probably rouse @iffeattentional circuitry. Even though there
is still little knowledge about how the two techués function in respect to attention, it is
obvious that they shouldn’t be mingled into oneolaty It is apparent that mantra meditation
will activate different brain regions than mindfabs or visualization. And that even very
similar techniques may evoke different brain swes. General model of meditation
therefore seem to be highly inappropriate notion.

Nevertheless, the proposed model can be usefulubec# arises many questions
regarding how meditation really works. Some of phieposed ideas are likely to stimulate
further research on meditation and attentional ¢sses, and also to orient future
investigation on neurochemistry of meditation.

It is impossible to draw whatever conclusion fronmadel that has so many obvious
flaws. With respect to neurochemical functioningnoéditation it doesn’t give us clear idea
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how meditation may affect brain chemistry. In fabg basic questions concerning the role of
dopamine, serotonin and melatonin in chemistry efltation remain unanswered and the
model doesn’'t even aim these substances. The turesearch on neurochemistry of
meditation is mostly related to stress coping andltill at its beginning. Hence, it will take
some time to extend the knowledge on meditation pravide information that could
elucidate how it really works.
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Neur ofeedback

3.1. Definition
“Neurofeedback is the use of electroencephalogréplBG) biofeedback to modify

cortical (brain) activity, alter states of cons@oass, and affect cortically mediated physical
and psychological functioning. Neurotherapy is thaical application of neurofeedback to
modify cortical functioning in clinically benefidiavays.” (La Vaque, 2002, p. 123)

Neurofeedback (NFB), also called neurobiofeedbackEBG biofeedback is a technique
that presents the user with real-time feedbackramwave activity, typically in the form of
video display but can use also auditory or tacatiedality. The aim is to provide real-time
information to the CNS as to its current activitjie basic principle of the whole biofeedback
concept stands on the idea of operant conditiodngpotov (2008) states that neurofeedback
IS based on two facts:

1. the brain state (including any dysfunction or dgsitation) is objectively reflected in
parameters of EEG recorded from the scalp

2. the human brain has plasticity to memorize therddsjand thereby, rewarded) state
of the brain.

In the NFB practice are some current paramete&&d recorded from a subject’s scalp
(normally EEG power in a given frequency band, dfecent EEG bands power ratio)
presented to the subject through above mentiongoutsuwith the task to voluntarily alter
these parameters to more efficient mode of bramctfaning. Prior to neurotherapy the
subject’'s EEG is compared to normalized data ardatim of subsequent NFB training is to
adjust a pathologically abnormal EEG pattern te tturmalized criterion.

Most recently has been the idea of technical feddiia CNS adapted also to more
modern technology. Now there exist studies thatexygoring the brain-computer interface
technique using fMRI as a way to monitor and atyiveodulate one’s brain activity and that
suggest methods that may offer potential utility fMRI-based neurofeedback (Yoo &
Jolesz, 2002; Weiskopf et al., 2004; Yoo et al.080 There have also been attempts to
interconnect NFB with virtual reality as to creat®vironment more appropriate for attention
enhancement (Cho et al., 2004; Mingyu et al., 2005)

3.2. History of Neurofeedback

The history of NFB is closely related to the clalicse of electroencephalography. One of
the major proponents of electrophysiologically loaplysiology of the nervous system had
been Emil Du Bois-Reymond, who coined the term ateg variation’ for a phenomenon
occurring during muscle concentration when galvagtemindicated an unexpected decrease
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in current intensity; the term was later resurrédtethe earliest EEG research (Niedermayer,
2005).

Probably the first scientist to record spontaneelextrical activity of the brain was
Richard Caton. In July 1875 he presented his figslinefore the British Medical Association
in Edinburgh and summarized it in a written artigléblished later that year. Caton mentioned
the possibility to influence the currents of certéirain areas in rabbits and monkeys by
impressions through the senses, which was appgaréml first evoked potentials record
(Finger, 1994). The importance of Caton’s discoveay recognized and acknowledged Hans
Berger who cited him in his 1929 report on the oNsey of alpha waves. Berger was first to
record EEG from human subjects and is reckonedfdbier of electroencephalography
(Finger, 1994). After Berger’s description of diéat EEG rhythms the popularity of new
technology grew rapidly and in 1930s and 1940stelencephalography became the object
of much interest in the realm of psychiatry andgbeyphysiology until it developed into
standard diagnostic and clinical technique aftet51%inally, with the development of digital
computer technology in 1960s and 1970s it becamsiliie to assess and quantify precisely
many more EEG parameters than before. This devealoppractically meant the beginning
of QEEG (Cantor, 1999).

The Second important scientific line leading to elepment of NFB technique was the
physiology of conditioned reflexes. Classical Psida conditioning and the methods
developed by behaviourists in the USA form the raiothis source. In 1930 the founder of
cybernetics Norbert Wien€r in collaboration with a Mexican psychologist Awur
Rosenblueth introduced concept of feedback in icglato biological system (Kropotov,
2008). Five years later, in 1935, Russian physisto@etr Anokhin incorporated this
biological feedback in his theory of functional s&yras as a ‘backward afferentation’ flowing
through different sensory channels to CNS aftehemation, and as such he put forward an
alternative to the predominant concept of reflexbgh linear information was unbearable in
a long-term perspective (Red'ko, Prokhorov, & Bent2004). The key element of the theory
was neuronal feedback — an interaction betweerefgoc (an anticipatory neural template of
a required result placed into memory before eadpiik action) and behavioural adjustment
of the animal.

The real origin of neurofeedback dates back to 4%@@en two American researchers, Joe
Kamiya and Barry Sterman, independently began poes the phenomena associated with
brainwaves. Both experimenters found that posit@aditioning of certain rhythms could
lead to an increase of such rhythms in overall BEGord. Concretely, Sterman and his

¥ Norbert Wiener founded cybernetics shortly after the WW II. Cybernetics is often defined as the
interdisciplinary study of the structure of regulatory systems. Wiener's area of interest was brain-
machine interconnection. During his work at MIT he was personally responsible for recruiting
prominent scientists and forming a research team in cognitive science, neuropsychology and the
mathematics and biophysics of the nervous system. These people later went on to make pioneering
contributions to computer science and artificial intelligence (wikipedia.org).
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colleagues observed that sensorimotor rhythin cats was associated with state of
relaxation. When they tried to determine whetherdbcurrence of this EEG pattern could be
enhanced by reward they found that the productfoactvity really increased. Joe Kamiya

was studying consciousness by attempting to ellpiha wave activity in the brain. He found

that some individuals could learn to identify andrease production of alpha in their brain.
Using simple reward system, and with his subjectgiperation, he conducted the first NFB
training (Robbins, 2001).

In 1972 Sterman published his findings about edficly of neurotherapy in the treatment
of epilepsy. The results had drawn attention ofl Jagbar who became interested in
Sterman’s work and replicated the results of hislgt Later he oriented his interest on the use
of neurofeedback in hyperactivity and attentioruéss(Demons, 2005). From publishing his
first study on the topic in 1976 he conducted numifestudies on the efficacy of NFB
treatment of ADD/ADHD. In one of his later papensblar noted that he observed significant
improvement after NFB treatment in about 90% of288 patients (Lubar, 1991). Sterman,
Lubar, and Margaret Ayers who opened the first cenomal neurofeedback clinic, have
oriented their efforts on cognitive rehabilitatiamd mental disorders, and determined the
direction of NFB application (Demons, 2005). Paptnts in the early studies of Sterman and
Kamiya also reported increased feelings of inndmoass and variants of these alpha
protocols are now used for stress managementrgaini

3.3. Application
Similarly to meditation, neurofeedback has becomeidespread phenomenon which

draws attention of public, as well as the sciestigthere are a number of studies on the
efficiency of neurofeedback in various disorderd @sychopathologies. Sieghfried Othmer
(2003) summarizes that NFB application in areas s1sc

ADD/ADHD

Anxiety-depression spectrum

Seizures and addictions

Disruptive behaviour disorders (such as Oppositi@®diant Disorder and Conduct
Disorder)

Autism Spectrum and Asperger’s Syndrome

Bipolar Disorder

Specific learning disabilities (including Dyslexia)

Sleep disorders

2 SMR, rhythm, or arciform rhythm is oscillatory rhythm of synchronized electromagnetic brain
activity of somatosensory cortices at rest, usually encompassed in the alpha range (8-13Hz). The
amplitude is stronger when the sensory-motor areas are idle and it decreases with their activation.
Neurofeedback is believed to increase SMR and benefit people with epilepsy, autism, ADHD and
learning disabilities. However, the nature and meaning of SMR remains unclear.
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Traumatic brain injury and stroke

Post-Traumatic Stress Disorder

Women'’s issues such as PMS and menopause

Issues of aging such as Parkinsonism and demantiaAge-Related Cognitive Decline
Pain syndromes such as migraine, as well as thageament of chronic pain

In his overview Othmer differentiates among threaugs of conditions the NFB training
can be applied to:

1. Conditions caused by dysregulation (impairment of physiological regulatory
mechanism), such as attention deficit disorder RMS. In these cases “self-regulation
strategy should constitute a comprehensive rembtyeover, once re-regulation has
been achieved, by whatever means, the definingctspé the condition will no longer
meet criteria to sustain a diagnosis.”

2. Conditions where dysregulation merely accompanigsoae structural deficit, such as
autism, traumatic brain injury, or foetal alcohgindrome. In these instances is the
possible progress constrained by organicity, nbedss, the attempt at remediation
seems, according to Othmer, to be quite generallyhwhile.

3. Degenerative conditions such as Parkinsonism aedd#mentias, where “the EEG
training may succeed in restoring and then maimtgirfunction even in the face of
continuing organic deterioration. In such cases tthining has to be kept up over time in
order to maintain levels of function.”

It is evident that supporters of both, meditatiow aeurofeedback claim positive results
of their application on various conditions. Botkheiques are applied in similar manner and
the range of their relevance is practically ideadticThere is a difference though as to the
perseverance of obtained results. While reseanctodstrated that the effect of meditation on
NS is limited and disappears without continued ficac(Patel, 1977), the neurofeedback
supporters claim that changes gained by NFB trgiminthe same range of conditions are
irreversible and that there is an ongoing remissibsymptoms after discontinuation of NFB
treatment (Abarbanel, 1995). This is striking diffiece if one takes into account the fact that
neurofeedback is practically only technological ngolg of meditative technique and that it
works with the same principles. The parallel meditaneurofeedback is mentioned in every
serious publication about neurofeedback and thiecasiadmit that self-regulation activity as
we know it from neurofeedback actually descendsfroeditative traditions, especially those
connected to yoga and martial arts (Swingle, 2008grefore it would be surprising if the
cumulative effects of meditation and NFB led tdefiént results.
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3.4. Controversy over Methodology

Ever since its introduction, neurotherapy has dhisegong emotions and controversies
concerning its effects and application. For threeadles there has been a scientific dispute
about legitimacy of the method and its efficacyha treatment of various conditions. On one
side stand those who propagate neurofeedback, eonttter those whose research is often
funded by medical corporations. The most noticeablgrobably the controversy over
ADD/ADHD treatment. It is hard to draw any conclusiand it is very improbable that the
hassle will be resolved in next few years.

In the United States is neurofeedback acknowledgbstjuate treatment method and is
reimbursed for only by some insurance companiedewost do not cover the costs of NFB
training. However, most professionals have chos#rtacmaccept insurance on neurofeedback
and are reporting significant success anyway. Tieats who are looking for an alternative to
medication are often willing to pay for NFB traigiversus other forms of therapy. Training
can be really expensive though, taking into accquite of one session and the number of
sessions which patient has to undertake (minimuym@&nally 40 and over). Neurofeedback
practitioners therefore like to emphasize that N&&ining is alternative to currently
recognized therapeutic methods and that “it idyike remain classified for some time as part
of Complementary or Alternative Medicine” (Othmef03). Indeed, neurofeedback can be
considered alternative to classic ADD/ADHD treatimgethods as NCCAM affiliates
biofeedback methods to complementary and altematigdicine, more specifically to mind-
body medicine.

Probably the most problematic application of neeedback, also raises the most
questions and objections from some research exper&DHD treatment. As mentioned
above, Othmer (2003) classifies this condition aregulation, and thus of functional origin.
However, this view is rather daring when we consithat the exact causes of ADHD still
remain unclear and that the organic origin not ohbs not been ruled out, but the
accumulating evidence and recent findings makehgpothesis of organicity of ADHD on
the contrary highly influential (Mulas et al., 2Q0As the terms functional/organic are being
slowly replaced, the most common classificationsstinat ADHD is a neurodevelopmental
disorder, as well as autism, autism spectrum dessydand a number of other conditions
(Gregg, 2009). Very often are cited “the high ratésomorbidity between ADHD and other
psychiatric and neurodevelopmental disorders [whiehse several important issues for
understanding the neuropsychology of ADHD” (Tann&®02, p. 772) Hence, ADHD seems
to fall into the second category which Othmer (20@3assifies “conditions where
dysregulation merely accompanies a more structlgétit [and] in these instances is the
possible progress constrained by organicity, nbedgts, the attempt at remediation seems to
be quite generally worthwhile.” If that all is truhe only logical question is - how Othmer
can claim (based on the example of ADHD) that “oreeegulation has been achieved, by
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whatever means, the defining aspects of the camdiill no longer meet criteria to sustain a
diagnosis”? The proclaimed permanence of resutigeged by NFB training remains at least
suspicious and is not backed by serious research.

Although there are a number of published studieseurofeedback treatment of ADHD
in which positive results have been reported, tb&gh and implementation of these studies
bear significant limitations which make many leadiADHD researchers consider NFB
promising, but unproven technique (Rabiner, 20B8sed on the five-level grading guideline
for the evaluation of the efficacy of treatmentdlmhed by the Association for Applied
Psychophysiology and Biofeedback (La Vaque et28102), Monastra concludes that NFB is
probably efficacious (level 3) for ADHD (2005). Hewer, some authors are more
fundamental and claim that many studies publishedNBB efficiency “have suffered from
significant methodological weaknesses that malerpnétation of the results and conclusions
about the actual effect of EEG biofeedback impdssitboo & Barkley, 2005, p. 69). Some
of the flaws of studies on NFB as a treatment f@HD had been identified before, but
according to Loo & Barkley who reviewed some recstudies “the same problems with
scientific methodology that existed then [decade] agpntinue to exist with these newer
studies” (2005, p. 69):

Lack of control groups

Confounding of several treatments within NFB gréeyg. medication)
Small sample sizes

Diagnostic uncertainty about the children in thedgt

Lack of placebo control procedures

Absence of ‘blinding’ of the evaluators

Lack of randomization

Lack of rigorous peer review

The methodological issues of studies supporting MBBlication have been questioned
also in some other recent reviews, the most pramiibeing those of Lohr, Meunier, Parker,
and Kline (2001), Waschbusch and Hill (2001), arohdS Brann, and Loney (2002). These
papers in answer to previously published study o$dRer and La Vaque (1995) criticised
methodological flaws such as (1) using an actigattnent control rather than a waiting list or
other nontreatment control, (2) the nonrandom assent of patients to treatment and control
groups, (3) providing collateral treatments to @ais in each group, (4) using assessment
instruments that were not standardized, lackedogaml validity, could not discriminate
between ADHD and other psychiatric disorders, amdewnot sensitive to treatment effects,
(5) providing EEG feedback contaminated by oculdifaat, and (6) conducting multiple
non-alpha protected t tests. In his reply to thisque Rossiter (2004) acknowledged wrong
choice of statistical methods as stressed in tbe pgaint; however, he refused the other
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criticisms claiming that they were not valid or renipported by research literature, that they
were based on unsupported opinions of the critedlged on redefining the study as efficacy
rather than effectiveness, and that they reflelaekl of familiarity with the relevant research
literature, NFB equipment, and ADHD treatment pecols. Some of the Rossier's comments
are very curious though and rise further doubtd$adm, in reply to his critics he simply avoids
direct confrontation with the facts presented amektto debilitate their relevancy (e.g. his
undermining of random assignment in evaluatingotiffeness), as well as competence of
their authors.

One of the major problems of NFB is that, similaity meditation, it's not really clear
what neural responses it rouses. In the last twadks there has been growing interest in
both methods and hundreds of reports on their tsfi@ed efficiency in dealing with various
conditions were published. One of the problems taédn research faces is the diversity of
techniques and variation of results. There are llystwo research designs when studying
meditation, direct imaging and efficacy/effectivitgsearch. Especially direct imaging of
neural correlates of meditation raised lot of goest about how meditation really functions
and has recently oriented the research on subabpathways associated with attentional
processes, such as limbic structures. However ofeeotback research must be designed in
whole other way as EEG recording make it imposstblamage real-time brain activity
during therapy itself. Of course it allows recogliBEG during the NFB session and thanks to
more advanced devices QEEG analysis is also pessiblertheless, the role of deeper neural
pathways of attentional processes remains unceatainit can be estimated only on indirect
data and on subcortical QEEG which has still itsitktions. New emerging technologies
based on fMRI therefore bear lot of expectationd ane believed to elucidate deeper
mechanisms underlying NFB training.

3.5. How Doesit Work?

As said above, the principal mechanism of NFB isebaon the idea of operant
conditioning. Brain waves rise and fall in rhythnaied arrhythmic patterns. Neurofeedback is
designed to reinforce the desired wave patterreahtime conditions. If the wanted pattern
occurs, immediate feedback in the form of positgmforcement is given. Brain plasticity
allows regular training to progressionally normalipatient's EEG power spectrum.
Nonetheless, do these EEG changes automatically mhed patient’s symptoms have also
normalized? Neurofeedback opposers claim it's radsible, the proponents defend such
believe. To make any conclusion it is necessapntterstand how neurofeedback functions.

While modern neuroscience is fundamentally orient&d neurotransmitters, treating
various conditions chemically, neurofeedback isnfted on totally different paradigm,
intervening in the realm of frequency. Based oinivatibn theory of arousal continuum, there
Is a speculation that arousal levels may be th@mtgmponent in a whole host of disorders.
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Arousal is suggested to form a framework for attentiemanding, and hence, for many
cognitive tasks. Over or underarousal may be coetpdo processor operating speed.
Processor, the brain, is designed to work at saeguéncy range and if the frequency is
lower or higher, it alters brain functionality. Nefeedback aims to change the frequency in
different neural circuits and thus change theirction. The main component of these changes
is formed by adjustment of neural circuity relatecirousal. Alterations in frequency towards
normal spectrum should therefore produce subsedqoentlated) modification in chemical
processes. The proponents of NFB claim that trginin some neurofeedback-based
technologies, such as audio-visual entrainment (AMfan stimulate changes leading to
function alterations in subcortical structures litke limbic system, and may even modify
brain chemistry and structures. Siever (2006) naimgxarticular neurotransmitter changes,
dendritic growth, cerebral blood flow, metabolisnddimbic stabilization.

Probably the most recognised model of NFB funclionavas proposed by Siegfried and
Susan Othmer. The fundamentals are based on actuaticortical frequency range which,
through thalamocortical networks, affects brainst@echanisms “in a manner that enables
the latter to then help restore timing integritythinn all neural networks” (Evans & Rubi,
2006, p. 73). NFB is therefore hypothesised toudistbrain timing due to its operant
conditioning mechanisms and elicit a brain resppm#gch over time lead to revitalized
normal rhythmicity, phase relationship, and timimgegrity among neuronal assemblies,
producing more efficient information transfer aedulatory functioning.

3.6. Training Protocol

Prior to any NFB treatment it is necessary to ea@lbrain activity as to its frequency
components. Any NFB training should follow thorouQEEG examination, though there are
quite constant consequent procedures, to ensurectapplication adjusted to individual
needs.

At the moment the most commonly used NFB trainirmjqrols are designed to inhibit or
increase EEG amplitude (power) within a frequenagdor combination of bands (Evans &
Rubi, 2006). Probably the most applied protocobs r@lated to above mentioned over and
underarousal symptoms. Underarousal is expresseddogased amplitude in some lower
frequency band and decreased amplitude in higlegjuéncy bands, which are related to
attentive and cognitive processes. Most generadlyirmplemented trainings that target lower
frequency amplitude inhibition and simultaneousréase in higher frequency. Beta-1 and
beta-2 bands have been over the years demonst@atadcompany most attention-related
tasks and to be closely connected to cognitiveop@idnce dependent on arousal level.
Irregularities are usually found in central andfontal areas and typically are linked to
inhibited state of sensorimotor system (Egner &8s , 2006).

In a recent study, two training protocols were stigated in relation to specific cognitive
tasks. Vernon et al. (2003) explored the possybiiit enhance cognitive performance by
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increasing SMR and theta activity. Theta activiagdbeen suggested to play role in working
memory (Grunwald et al., 2001), whereas SMR agtifidd been studied quite thoroughly
over the years for its association with attentasks (Egner & Sterman, 2006). The results of
the study suggest that short NFB training couldd lé& cognitive enhancement in tasks
dependent on SMR frequency. Surprisingly, SMR eobarent resulted in better
performance in working memory tasks and only sotteradion in attention performance.
However, theta activity showed no increasementvatg the NFB training.

This study, disregarding the significance of theults, shows how important it is to settle
right training protocol, but also demonstrates toenplexity of neural structures and their
involvement in different processes. After fifty ysaof neurofeedback practice and one
hundred years of electroencephalography, verg liglknown about human brain bioelectric
activity and about the functions that differentguency bands underlie. NFB protocols can be
therefore criticized for the fact, that they armast ultimately built on SMR assumption and
lack extensive theoretical background which wouwlpport their application.
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Electroencephalography

The interpersonal and intrapersonal differencedentroencephalographic (EEG) activity,
together with the fact that meditation is rathesedes of dynamic physiological changes than
one state, make it hard to draw some general csiocig some authors are even finding that
the process of meditation might be unique to thditamr or that the essential information is
not carried by the frequency component of the E&t8l, others label the data as ‘confusing’
(Austin, 1999). Dunn et al. (1999) identify two seas for such incoherent findings in (1) the
multifacet character of meditation techniques, whnrst of them require participants to relax
and/or combine both concentration and mindfulnesstegies, and (2) different recording
techniques utilized by various investigators, whichke comparison of results among studies
difficult.

Dunn et al. (1999) found in their comparison ofaretion, concentration, and
mindfulness meditation that relaxation producesagremean amplitude at lower frequency
bands, delta and theta, than both the concentratidireceptive meditation. When relaxation
compared to concentrative meditation there weredaifferences across entire cortex, when
compared to mindfulness there were obtained diffe@e across the central/anterior cortex. In
contrast at higher frequency bands, alpha and hess opposite pattern occurred, showing
greater activity in parietal and occipital lobesidg concentration and in central/posterior
cortex during mindfulness meditation. Overall thnafulness meditation produced relatively
more slow (delta and theta) and relatively faspi{al and beta 1) wave activity than the
concentration meditation condition, which can bplaixed by the mechanism of mindfulness
meditation. When the brain is calm and relaxeds iroducing more delta and theta waves,
but in mindfulness it is simultaneously awake afaftaproducing more alpha and beta 1
activity in central/posterior cortex regions.

As to the neurofeedback, the situation is sligkiilferent. While in meditation research
are explored the effects associated with diffetedbniques, neurofeedback research is based
on manipulating EEG pattern through different peots. This principle of course bears some
advantages, as to possibility to explore functioindifferent frequencies on cognitive tasks.

4.1. Alpha Activity
In an overview of over 30 studies Murphy & Donovd®97) show that the evidence

indicating that meditation leads to an increasalpha rhythms (slow, high amplitude brain
waves extending to anterior channels and rangirfgenjuency from eight to thirteen cycles
per second) is extensive. Such conclusion had besshed in studies using many different
types of meditation and was confirmed in a revidweuroelectric and imaging studies by
Cahn & Polich (2006). There are some studies winggort a contrary decrease in alpha
activity during meditation (e.g.Warrenburg et &a980; Jacobs & Luber, 1989), their
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dissimilar results are, however, likely to be exptal by differences in the initial level of
relaxation of subjects.

Banquet (1973) recorded EEG activity in frontalntcal, parietal and occipital areas
during different stages of TM and found that alfleguency of about 10 cps and p@ was
present at resting record of all his meditators badame predominant at the beginning of
meditation, with tendency to increase its amplitadd slow the frequency by 1 or 2 cps, first
in frontal channels. The same pattern was repestedat the end of meditation with even
grater abundance of alpha waves, the spindles bhegooontinuous or merging into one
another. Travis (2001) recognizes higher EEG ahohalitude as one of the features which
characterize transcending during TM practice, togetwith lower breath rate, higher
respiratory sinus arrhythmia levels, and higher Ef6Berenc. In a previous study on the
difference between meditation and rest (Travis &lls¢®, 1999) was found significantly
higher anterior—posterior and frontal alpha cohesem meditation, but no differences in
alpha power estimates were establishibdse results are suggesting that TM practice loeay
best distinguished from other conditions throughoaomic and EEG coherence patterns,
rather than EEG power” (Travis & Wallace, 1999,3f41). As described above, relaxation
produces slower waves of delta and theta, while itawgmh can be distinguished by
characteristic pattern of faster alpha and betaegavhen more alpha activity occurs during
the early phases of meditation, it doesn’t mean shdjects are idling mentally, in fact the
reverse is true, for attention does facilitate alpythms (Austin, 1999). Alpha persistence is
dependent on complexity of the task in concerpgisists during tasks that can be performed
easily or automatically. Accordingly alpha wavesuzy some 50 percent of the record when
experienced Soto Zen monks are engaged in thekivgaimeditation, kinhin. In contrast,
alpha waves occur only about 20 percent of the thrmaexperienced practitioners” (Austin,
1999, p. 88).

Alpha desynchronization (suppression) is one of llkst known EEG phenomenona.
Synchronization in the alpha frequency range ierialo be marker of cognitive inactivity,
active inhibition of sensory information, or a meanf inhibition of non-task relevant cortical
areas. There is evidence supporting alternativepnetation which posits that higher alpha
power signifies higher readiness of alpha systemntormation processing, or alertness
(Knyazev, Savostyanov, & Levin, 2006). Since thegileing of EEG research it was
suggested that alpha suppression reflects attetpyocesses (Ray & Cole, 1985; Klimesch
et al., 1998), a believe that was impugned by exideindicating that different frequency
band within the extended alpha frequency rangecefjuite different cognitive processes
(Klimesch, 1996), upper alpha desynchronization542,5 Hz) being selectively associated

L EEG coherence is “a large-scale measure which depicts dynamic functional interactions between
electrode signals. Higher coherence between EEG signals recorded at different sites of the scalp hint
at an increased functional interplay between the underlying neuronal networks” (S. Weiss & Mueller,
2003).
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with the processing of sensory-semantic informatidimesch et al., 1997; Krause et al.,
1997) whereas desynchronization in the broad rafgdout 6,5-10,5 Hz reflects attentional
processes (Klimesch, 1996). Based on several stglies it can be summarized that
desynchronization in the lower and medium alphadbais associated with processes of
alertness/vigilance (lowest alpha) and expectamogd{um alpha) whereas desynchronized
upper alpha reflects enhanced cognitive procesgidfanas & Golocheikin, 2001).
Moreover, internalized attention is inner-directadl results in alpha synchronization, while
external attention is outer-directed and resultsalpha desynchronization (Shaw, 1996;
Aftanas & Golocheikin, 2001). It was further docurtexl that slower alpha synchronization
over the frontal region is negatively correlatedhwheart rate (HF/LF) and that meditation-
enhanced internal attention has therefore an itdmpieffect on sympathetic activity
(Takahashi et al., 2005)

Several TM studies have emphasized that meditét@as to periods of EEG coherence.
These can last for over forty seconds and invohe dlpha, theta, and beta frequencies
(Austin, 1999). Travis et al. (Travis, 2001) cakted that EEG coherence over broad cortical
areas can be reflected by reduction of 45 posgiies to four averages: (1) bilateral frontal
(F3-F4) (2) frontal-central (F3C3, FzCz, FA4C43) central-parietal (C3P3, CzPz, C4P4); and
(4) frontal-parietal (F3P3, FzPz, F4P4). Badawale{1984) documented the increased alpha
coherence to be more evident frontally, with termyeto correlate with both the clarity of
ongoing experience and with a suspension of regmiraSuccessful meditative experience
appears to be mediated by a mechanism which alkwth-off external attention, as is
indicated by slower frontal alpha synchronizatigfignas & Golocheikin, 2001).

In neurofeedback research was found that increasgpper alpha with simultaneous
decrease in theta power is positively correlatedhwihe improvement in cognitive
performance, concretely on mental rotations (Haaghet al., 2005). This findings support
the hypothesis of double dissociation between ¢vgnperformance, EEG frequency (in the
theta and upper alpha range), and type of EEG nsgpd\ccording to this suggestion good
cognitive performance is associated with largeimggtower but small test power during task
performance, while for theta was found oppositégpat(Klimesch, 1999).

4.2. Theta Activity

Wallace (1970, p. 1753) in his early study of pbiagical effects of meditation described
EEG pattern in the frontal area which was recordedng TM as characterized by large-
amplitude alpha waves, by a tendency for the alphees to decrease in frequency, and by
occasional periods during which alpha activity stopnd low-voltage theta activity
predominates.” Banquet (1973) recorded theta &gtigslow waves of 4 to 7 cps)
predominating during second stage of meditatioter dfeginning which was characterized by
frontal alpha activity. Within 5-20 min after thenset of meditation short burst of high
voltage (up to 10@V) theta frequency at 5-7 c/sec occurred during 2 eec, simultaneous
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at all channels or first in the frontal region. $henitial bursts were later followed by longer,
rhythmic theta trains which lasted from 10 secotwiseveral minutes. Then, increasingly
rhythmic theta trains became synchronized in ble¢ghanterior and posterior EEG leads. The
theta pattern shown during meditation was rhythmvbjch distinguishes it from more
irregular forms of theta activity which occurs dgiordinary drowsiness. The end of
meditation was characterized by the return of alphias and in advanced subjects this alpha,
and more rarely theta, waves persisted in the pestitation period with eyes open.

Topographic EEG mapping confirm that theta togethigh alpha activity predominate
during zazen, after entering a deeper stage oftatexh, throughout the frontal and parietal
regions (Austin, 1999). Also in other meditatiorchriques is theta activity connected to
deeper stages of meditation. Aftanas & GolocheiK2@01) demonstrate on the model of
Sahaja Yog# meditation that theta activity is associated veithotionally positive ‘blissful’
experience. In their study was blissful state “aspanied by increased anterior frontal and
midline theta synchronization as well as enhandedat long-distant connectivity between
prefrontal [PFC] and posterior association cortathwlistinct ‘center of gravity’ in the left
prefrontal region” (p. 57). Sensitivity to meditati was in this study connected to this theta
coherence between PFC and posterior associatidexc@ong with less pronounced intra-
and interhemispheric coherence decreases over riposterain regions. Theta power
positively correlatedrEé +0.44 to +0.55) with intensity of blissful expance in anterior
frontal and frontal midline leads. On the contraappearances of thought distractions were
negatively correlated € -0.43 to -0.60) with theta power in anterior frain frontal midline,
central frontal, and right central regions. Morepugegative correlation was also observed
between thoughts appearance and alpha-1 powerdecentral (FCz, Cz, CPz) and adjacent
leads. These results were confirmed in later stuabncluding that theta power values
correlate positively with positive emotional exgerces and negatively with mental activity.
The inactivation of the cognitive component in ntative process seems to create context or
even prerequisites for the occurrence of a posigveotional experience (Aftanas &
Golocheikin, 2002).

Increased alpha and theta EEG power, accompaniedréguced or enhanced autonomic
response to external stimuli, was demonstratedXperéeenced meditators (Banquet, 1973;
Travis, 2001). Theta activity is suggested to belicated in cognitive and affective states;
there is evidence that theta band power increasesthe task demand and is related to
orienting (Dietl et al., 1999), attention (Kubotaaé, 2001), memory (Klimesch, 1999; Jensen
& Tesche, 2002), and affective processing mechanighitanas & Golocheikin, 2001).
Frontal midline (Fm) theta rhythm was observed algong nocturnal sleep, most frequently

2 Sahaja Yoga meditation was developed during the 1970s by Nirmala Srivastava, and is followed
and promoted among and by the Sahaja Yoga movement. It aims to enter a state of "thoughtless
awareness" — where the practitioner 'purifies’ his/her attention, achieving clarity of mind — necessary
condition on the way to divine connection and spiritual growth.
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in during rapid eye movement (REM) and stage | @fi-REM sleep, and there was found
relation of Fm theta to dream images, with concnghat even during sleep it is connected to
mental activity (Inanaga, 1998). It was found thmdrception of emotional stimuli is
accompanied by a short-term theta synchronizatidexing motivated attention (Aftanas et
al., 2002; Aftanas et al., 2003) whereas emoti@xglerience is attended by longer lasting
theta synchronization (Crawford, Clarke, & Kitneriolo, 1996). Theta band activity in the
frontal area is correlated negatively with sympathactivation which suggests a close
relationship between cardiac autonomic function actd/ity of medial frontal neural circuitry
(Kubota et al., 2001).

Also different NFB protocols exist, the general aim to reduce theta power,
simultaneously with increase in some higher fregyenange. Decreased theta during
cognitive task is related to higher performanceilewtest theta power usually shows opposite
pattern; that is, higher performance in cognitiasks is associated with greater theta activity
during the rest (Klimesch, 1999; Hanslmayr et2005). However, it seems that the effect of
theta decrease in relation to performance enhanteimatrictly related to higher frequency
range increment, as there wasn’'t found any evidémetetheta decrease alone is followed by
improved performance (Vernon et al., 2003). Taskteel theta decrease has been associated
with many outcomes, from ADD/ADHD improvement to RP abstaining alcoholics
(Othmer, 2003). Theta enhancement was tested atiaelto working memory performance,
but no significant effects were found (Vernon et 2003).

4.3. Betaand Gamma
Some of Banquet’'s meditators showed definite evadenf faster EEG activity in the beta

range. These faster frequencies developed aftsmgalseyond the second stage of meditation
characterized by rhythmic theta, and the subjeuftcated presence of this third stage by
prearranged signal which was corresponding to “deeglitation or even transcendence.”
During this stage, the meditators’ EEGs showed aeti@ity at 20 cps, at first taking form of
intermittent spindle-like bursts interspersed bemvelpha and theta rhythms, later beta
continuously rippled over the surface of the larglerver waves which took over to become
slow ongoing background activity (Banquet, 1973).

The amplitude of this beta activity reached reklfivhigh levels of 30 to 6QuV. It
appeared first in the left hemisphere from fromtabccipital channels and there were periods
of uniformity of frequency, amplitude and wave forim all channels. Spectral arfdy
revealed that there were present even faster aeswhich reached gamma frequencies of 40
cps. In contrast, if there were present fasterueegies, they occurred at several different
rates and were not as rhythmic or regular.

% The compressed spectral array is computerized frequency analysis technique which enables
thorough examination and interpretation of EEG recorded over long period of time. Cerebral activity is
analysed in three-dimensional display which helps better assessment of dominant frequencies, their
distribution and amplitudes.
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Third state of meditation was accompanied by musalexation in the submental area.
REMs which are characteristic at the beginning dditation disappeared during deep
meditation, as well as involuntary muscle movemeftsbjects could perform voluntary
movements at any stage of meditation, includingpdeeditation, and could readily and
correctly respond to questions using prearrangguiags. This performance, however, did not
alter the brain wave pattern of deep meditation.

Another important finding of Banquet's study wassetvation of the fact that his
meditators were not interrupted by external stimhile in the third stage of meditation. In
this deep state the power of outside stimuli wasatly reduced and they couldn’t penetrate
far enough to change their ongoing electroenceghabhic pattern; with no alternation the
EEG continued to show a mixture of slow and fasgjfiencies. Banquet's subject showed
during third stage a distinctive pattern: (1) atipatar subjective state, (2) prominent
fluctuating beta EEG activities, (3) no chin musalsgivity, (4) reduced EEG responses to
sensate stimuli from the outside, and (5) abildyrémain alert enough to communicate by
signals (Austin, 1999, p. 90).

Lehmann et al.(2001) observed gamma frequency gludifferent meditative states
(visualization, verbalization, self-dissolution aself-reconstitution) and computed centre of
gravity for each of these states. They found thattec gravity centre location of visualizing
meditation was more posterior and more inferiothi® three others; the localizations during
the self-dissolution and self-reconstitution metbtas were more inferior than during
verbalization and that the source gravity centoation during the verbalization was more to
the left to visualization, self-dissolution and fselconstitution. Low resolution
electromagnetic tomography (LORETA) was used testhate locations of maximal t-values
obtained, placing the centre of visualizing medtain right posterior (inferior) area, in left
central (medial) area for the verbalizing meditatiand right anterior (superior) area for the
self-dissolution meditation. “The self-reconstitutimeditation showed stronger activity than
the visualizing meditation near (but much supertorjhe left central area of the verbalizing
meditation, and stronger activity than the selfdigtion and self-reconstitution meditations
near the right posterior and inferior area of timualizing meditation, conceivably because it
involved linguistic as well as visual componentd’elijmann et al., 2001, p. 114). A
hypothesis of common sources for gamma and bet&# fwas also tested, concluding that
the locations differed significantly, the gamma rseubeing more anterior, right and inferior
than the beta-2 source.

Lutz et al. (2004) found differences in gamma baetween long-term Buddhist
practitioners and control group. Not only that ldegn meditators self-induced sustained
EEG gamma oscillations and phase-synchrony duriaditation, but the gamma band was
also present in postmeditation baseline. There Yeened even differences of gamma activity
in initial baseline between the two groups, sugggsthat meditation “involves temporal
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integrative mechanisms and may induce short-temi@mrg-term neural changes” (p. 16369).
The greatest initial changes were found over medliahtoparietal electrodes, during
meditation the difference increased sharply ovestnod the scalp electrodes and remained
higher than the initial baseline in postmeditatibaseline; during meditation were the
differences distinct particularly over lateral ftoparietal electrodes.

In general is gamma activity present during arowgaich is regarded as a necessary
condition of its occurrence. In states of extremiely arousal there is minimal gamma
activity whereas increased beta and gamma bankstref focused arousal in task-relevant
neural circuits during cognitive and emotional ilwemment (Ray & Cole, 1985; Miiller et al.,
1999). Because high beta and gamma activity brlmgutaperipheral autonomic responses
during mental workload, absence of gamma synchatioiz point to lower autonomic
involvement. In a study of arousal to emotionallggative stimuli there were found
differences in gamma activity in controls and eigrared meditators. Lower or absent
gamma activity in meditators suggest their capgbilo moderate intensity of negative
emotional arousal (Aftanas & Golosheykin, 2005).

Dependent on the aims of treatment, beta can bépoiated in two directions, either the
protocol focus to enhance beta power in relatiooth@r frequency range, or to suppress it,
again in relation to other frequency range (Leihgle 2006). In between alpha and beta 1
frequency band we may identify SMR, which is theibgattern neurofeedback aims to
change. SMR is usually enhanced, simultaneouslly atiher frequency suppression. Often,
based on the needs, beta is the counterpart of &WBncement.

4.4, Overview

Although there are a number of studies on EEG ig¢tiluring meditation, there are only
a few which focus on topography distribution. A®afic components of frequency band
stand for particular cognitive manifestations, stigating the distribution of EEG bands
could help to clarify the psychological dimensidnneeditation and elucidate how different
meditation techniques work and what effect theyehahis could further help to concretize
the application of different meditation technigues an alternative treatment method. Most
EEG-meditation research concentrates on alphaitgctind frontal area which produce the
most dynamic results, leaving many questions abthér areas and frequency bands. There
iIs an evident need to develop and refine a schemmyestigation of spatial distribution of
different EEG bands (Liu & Lo, 2007).

Numerous studies have confirmed the results foun@dnquet (1973) which prescribe
the main EEG activity during meditation to fronlea with alpha band being the best
distinguished frequency in EEG pattern (e.g. Tra2B301; Aftanas & Golocheikin, 2002).
Alpha activity increase is typical for the firsage of meditation and is gradually replaced by
theta and beta (gamma) activity in later stagesmefditation to become predominant
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frequency at the ending of meditative session,ilgagome rudimentary pattern after the
meditation has finished (Banquet, 1973).

Alpha activity was recognized the frequency cone@cto transcending to deeper
meditative states (Travis, 2001) which are gengraHharacterized by theta activity and
experience of bliss (Aftanas & Golocheikin, 200lpwever, appearance of rhythmical theta
activity is not necessarily connected to deeperitagoh stages as there are techniques in
which theta trains appear only at times (Kasamé&tsdirai, 1966} deeper stages are rather
connected to theta bursts which shoot through rhigthl alpha. There is an evidence coming
from Zen studies which link experience of innehtigor bliss, to alpha blocking (Lo, Huang,
& Chang, 2003)if rhythmical theta activity is present it is alsbowing blocking to sensory
stimulation (Kasamatsu & Hirai, 1966). Beta and gaaractivity were identified in Banquet’'s
study of TM (1973) as the frequencies accompanihiegdeepest meditative states and were
confirmed to be present during meditation of exg@ared meditators. In Zen studies are beta
and gamma frequencies normally missing. Theserdiffees confirm findings which suggest
that increase in beta and gamma band reflect enadtend cognitive arousal (Ray & Cole,
1985; Mller et al., 1999), condition fulfilled ilM where attention is directed at mantra, and
are absent during lower emotional and cognitivgpeases which form the nucleus of Zen
mindfulness meditation.

Apart from the inappropriate mixing of evidence a@og from studies of different
meditation techniques based on the two distinehfofconcentrative and receptive) there is a
problem of deficient knowledge of EEG topographyd grogression during meditation.
Although the research on EEG and meditation hamg tradition, it answers paradoxically
very little about meditation-induced physiologigabcesses. There is a need to shape a form
which would help coordinate further research anduldcallow comparison of different
techniques. New neuroimaging techniques hold thenoy to reorient the EEG study on the
processes which were until recently unknown or @ggld. Combination of neuroimaging and
electroencephalography is desirable not only ferdbst-effectiveness and unpretentiousness
of EEG but also for their mutual complementation.
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1. Introduction

In the recent years there has been apparent ihterése possibilities of performance
enhancement training. The aim of such trainingois the individual to improve specific
qualities, often memory, attention or cognition, dnydertaking various programmes. There
has been a dramatic increase in the number of slaiade that meditation and neurofeedback
training can lead up to fewer errors and greatéciency in psychological tests and tasks,
resulting in more positive outcome.

Previous research has documented associations dyetgjeecific cortical states and
optimum level of performance in a wide range ofksasThere are quanta of literature
reviewing the positive effect of both, neurofeedband meditation, on performance. An
examination of literature reveals that NFB trainlmgs been utilised to enhance performance
from three main areas; sport, cognitive and actipgrformance (D. J. Vernon, 2005). The
areas of application are somewhat similar for letthniques and thence also in the case of
meditation we may find analogous listing (Druckmé&nBjork, 1991). Some suggestive
findings have been reported for both techniques wegard to use in training programmes
aiming cognitive and attentional performance enkarent.

Traditionally, performance has been characterisedperating along continuum, where
dysfunctional performance is positioned at onees®ré and optimal performance is located at
the other (Kirk, 2001; D. J. Vernon, 2005). Theaad NFB supporters based on this theory is
very simple; changes in performance of those wHteisfrom various conditions and are
located at the dysfunctional end of continuum, $hdwing them up to normative baseline,
and may even enhance the performance of those abtimative baseline moving them closer
to the optimal region (D. J. Vernon, 2005).

Currently is research oriented on the long-ternea$f of both techniques; experienced
meditation practitioners claim years of practicel ammulative effect of meditation training,
NFB experts give evidence that the first signsraining benefits are observable somewhat
after 20 sessions, effective treatment for ADD/ADKIIMptoms usually requiring between
20 and 40 sessions (Othmer, 2003). However, sothedwx proponents of NFB claim that it
is possible to observe some training effects afterfew as eight sessions and that in
individuals positioned at the normative baselirettis, normal healthy individuals, such
procedure eventuate in improvement of cognitive atteintional performance (D. Vernon et
al., 2003). Similarly, proponents of meditationilathat in normal healthy subjects given
five days of meditative training, there was impnmesnt in attentional performance (Tang et
al., 2007).

Specific EEG patterns were distinguished to be tyidg concentrative and mindfulness
meditation (Dunn, Hartigan, & Mikulas, 1999). InetfQEEG research there have been
identified frequencies and patterns related to sorastal tasks, and extensive correlation of
EEG analysis with psychological tests is still irogress (Faber, 2005). The research on
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neurofeedback and meditation has led to conceptimins of both techniques as
mechanisms that may be used to stimulate and pypssifjulate cerebral activity. However,
the evidence suggesting, that giving training tdagce particular frequency or inhibit
another will specifically influence cognitive penfoance, remains insufficient.

Number of studies claims that enhancement of SMRigc(12-15 Hz) and simultaneous
inhibition of theta (4-7 Hz) and beta (18-22 Hz)spiwely influences attention (Lubar,
Swartwood, Swartwood, & O'Donnell, 1995; RossitelL& Vaque, 1995); and the rhythm
was also identified to influence performance oemantic working memory task and to some
extent focused attention (D. Vernon et al., 20@)eater beta-2 (18.5-30 Hz) amplitude in
posterior sites was identified as a specific congpdonof mindfulness and concentrative
meditation (Dunn et al., 1999) and on animal medet suggested to be positively correlated
with visual attentive tasks (Wrdbel, Ghazaryan, iBekBogdan, & Kanfiski, 2007). There is
also evidence that higher performance in cognitagks is related not only greater amplitude
in specific frequency bands but also to desynchkaiimn in associated cortical areas
(Thatcher et al, 2005). On the other hand, neudiif@ek training and meditative techniques
that are suggested to enhance performance in oggiétsks have also been documented to
conduce to greater coherence between task-relagas,aand when in rest (Vernon et al.,
2003).

The aim of this study is to certify the hypothepesposed in the studies mentioned above,
that is, that short-term neurofeedback/meditatiaming has effect on cognitive and attentive
processes in normal healthy adults and that saafirig lead to performance enhancement.

With a view to investigate the possibility we inity examined several cognitive and
attentional attributes, specifically working memorgpatial orientation, visuo-spatial
subsystem within the short-term memory (memory Jp&ng-term selective attention,
reaction time, reading and naming interferenceerAfhis inaugural performance testing at
time-1 were our healthy adult subjects divided ititiee groups, using semi-randomization.
First group undertook two-week extensive neurofaelbtraining and were required to
enhance their SMR activity (12-15 Hz), simultandpushibiting theta (4-7 Hz). Second
group undertook two-week concentrative meditatiaming, which was previously reported
to increase/decrease activity in frequency bandsilasi to those of SMR activity
neurofeedback training (Dunn et al., 1999). Thirdup acted as controls, completing both,
the performance testing at time-1 and time-2, wioicturred immediately after the two-week
training of first two groups, but not participatiag NFB nor meditation sessions. Together
with performance in the cognitive and attentivksathere were recorded EEG data in the two
groups, again, at time-1 and time-2, to estimatsibte changes in EEG coherence induced
by the training. The global numeric values for aelnee in RELAX states obtained in nby
spectral analysis for pre and post recordings wereelated with the test results, both at time-
1 and time-2.
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2. Methods

2.1. Subjects
Fifteen healthy adult participants, at that timedengoing complex rehabilitation of

various locomotive problems in military rehabilitat centre in Slapy nad Vltavou, were
recruited using leaflet information about the pctjeBefore enrolment in the programme,
their health condition and suitability had been akteel in the database of their medical
history. Based on this screening and short intervieat followed, three individuals were
declined as incompatible with the study; 1 for gegtric condition in the family anamnesis
(possibly some sort of affective disorder), 1 farvimg bleeding in the brain in her anamnesis
and 1 for having serious head injury and subseqoetation in the childhood. Although in
both cases the head injury happened before theohd2 and consecutive examinations,
including EEG recording (in one case SPECT) hagpldced any consequences, they were
better screened out from further investigation.wes had only 13 suitable participants who
volunteered for the programme, we asked them fip tee recruit remaining two. Current
formation consisted of 7 men and 6 women, so we\pegferably looking for 2 men to make
the future allocation in the groups more homogen®dtanks to our volunteers we managed
to enrol two more men.

The age limits established prior to the study w22eand 50 years; reasons for such
selection were based on nervous system maturafibere is sufficient evidence that
documents brain maturation in adolescent and pidkeacent brain, with frontal areas, that
play crucial role in cognitive processing, beingeleped only in young adulthood (Sowell,
Thompson, Holmes, Jernigan, & Toga, 1999). On tharary, after the age of 50, human
cognitive processes dramatically deteriorate (Veghan & Salthouse, 1997), and even
though the age between 20 and 50 years is notaisrglry as once thought, changes in
cognition are not so rapid (Schroeder & Saltho@884).

A total of 15 subjects were recruited to particgat this study, 6 females and 9 males,
with average age of 37,1 years (SD=10 years, r@dge 50 years). They all were free of
cardiac, pulmonary, metabolic and other disease$ tlould cause autonomic system
dysfunction. Among the subjects there were thrglet smokers (max. 10 cigarettes/day), one
left-handed person and none habitual drinker. Noihéhe participants was at the time of
study taking any medication. No participant hadvianesly practiced any form of meditation
technique or had experience with neurofeedbackriméd written consent was obtained from
each subject after the experimental proceduredbbed explained.

In the next step were the participants allocateoht® of the three groups — neurofeedback
(NFB), meditation (MED) and control (CNTRL) — bymserandomization. We were aware
that the groups should be as homogenous as pos#gedecided to form groups of five
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subjects, 3 males and 2 females, and one smolesacim of the groups. Other characteristics,
such as hand dominance, age or education, were thherstandpoint of the research design
considerate as important. After these premeasuees tlie subjects randomly divided into the
groups. Only by chance, the groups were quite sterdi as to education; however, the
average age among the groups differed (

Report
Ane
Experimental Group Mean Std. Deviation median Minimum | Maximum | Variance [Skewness
MFE 33,320 g 9,8304 31,300 24,4 49,5 96,637 1,433
MED 41,180 ] 11,5874 48,200 27,49 801 | 134,267 - 611
CHMTRL 36,360 ] 8,8531 35,300 28,1 472 80,158 ,250
Total 37,153 15 59,8963 34,400 244 a0,1 09,927 274
Tablell. Age meansfor the experimental groups
Case Summaries’
Hand
Fespondent | Sex Age | Dominance | Education | Smoking
Experimental  NFB 1 1 [Female | 495 | Right University | Mon-smaoker
Group 2 2 | Male 244 | Right University | Man-smaoker
3 3 | Female | 31,3 | Right A-levels Mon-smoker
4 4 [ Male 21,0 | Right A-levels Smoker
2 9 | Male 34,4 | Right A-levels Hon-smoker
Total M g g g g ] ]
MED 1 B | Male 27,8 | Right University | Smoker
i T | Female | 49,2 | Right Univarsity | Mon-smoker
3 g | Male 50,1 | Right A-levels Man-srmokar
4 9 | Male 291 | Right University | Mon-smoker
A 10 | Female | 48,6 | Right A-levels Man-smoker
Total M ] ] ] ] ] ]
CHTREL 11 | Female | 47,2 | Right A-levels Mon-smoker
2 12 | Male 45,3 | Right University | Mon-smoker
3 13 | Male 288 | Left University | Smoker
4 14 | Female | 28,1 | Right University | Mon-smoker
3 15 | Male 34,3 | Right A-levels Mon-smoker
Total M g A ] 5 ]
Total I 15 19 15 14 15 14

a. Limited to first 100 cases.

Tablelll. Experimental groupsdescriptive statistics

2.2. Procedure

Before the procedure, all the participants werewshdhe testing room, and were
introduced the computer interface as all the tdmispne, were computerized. They also had
trial go on the computer to prevent eventual eofobias for one of the tests was performed
on a touch screen. Subjects were instructed toamdtto have at least eight hour sleep the
night precedent to the testing. They were alsodisia# to consume alcohol and stimulant
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beverages at least 12 hours before the testingy Weee asked to refrain from eating and
drinking for at least 2 hours prior to the expennte

Testing situation consisted of psychological evidumand EEG recording. Execution
time of psychological tests was dependent on thpeance of each participant and in no
case lasted longer than 60 minutes. After psychodbgevaluation the participants took 5
minutes break and after that EEG data were recor@#tlc recording followed the
psychological testing to avoid unnecessary tendimng the session. Recording itself took
10 minutes at time-1 (before the training) and 6Gwutes at time-2 (after the two-week
training). Again, first recording was longer sotthiae participants could adapt to this new
situation. After having first experience it was pibte to make second session shorter.

Performance testing at time-1 ran from May 13 toyNa, 2009, that is one week. The
testing took place in the afternoon hours (frono 530 p.m.) and only two subjects per day
were tested. Between the tests there were one enbretiks to relax eyes and possibly ask
questions. Instructions were given by the compuied repeated verbally to assure
comprehension. Performance testing was followedERY recording. While the cap was
being fitted, the participants were explained sdewtures of electroencephalography and
were instructed how to rest to avoid muscular anday artefacts. After they were fitted with
cap, they were shown their brainwaves on the mpuital were instructed about recording
task sequence.

After data collection, NFB and MED groups were give/o week (10 sessions) training.
NFB group took their training from May 25 to June2609. MED group took their training
from June 1 to June 12, 2009. Performance testitigna-2 ran from June 8 to June 12, 2009
for NFB and CNTRL group. NFB group was on June 8 8n 2009, to avoid wear-off of
possible effects. MED group was tested followingelv®n July 15 and 16, 2009. Testing
procedure at time-2 was coequal to time-1.

2.3. Psychological Testing
To evaluate participant’s performance in cognitigeks, we used Vienna Test System

(VTS) version 6.52.018 computerized psychologisgkeasment tool. The use of the computer
ensures higher level of objectivity and precisioml @allows testing some features which are
difficult to control or that couldn’'t be measuredg traditional paper-and-pencil tests. An
advantage is also its easy administration.

The following tests and subtests were administarethe sequence hereby introduced (as
presented by Schufried GmbH (2009)):

SIGNAL (S1) — 14 minutes — Test is based on sigiekction theory and evaluates
performance in the visual detailed registratiorcaplex stimuli under time pressure over a
long period of time. Test assesses long-term sededttention by measuring the visual
differentiation of a relevant signal within irrelwt background. The main variables
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calculated are the numbers of correct, delayediacmirect reactions as a measure of the
reliability of the detection process, and the medlatection time as a measure of the speed of
the detection process. For the variable "numberoofect and delayed reactions” split-half
reliability coefficients (odd-even method) of betmer=0,74 and r=0,85 were obtained,
depending on the test form and the comparison sanfar the median detection time the
reliability calculated by the same method was betwe=0,78 and r=0,84.

3D — 3 minutes — Spatial Orientation, as an imparfactor of intelligence tests, is
assessed in non-verbal test of mental visualizatmhthe ability to apply transformations to
objects in three-dimensional space. The numberoafectly worked items is taken as the
measure of spatial ability. Both raw scores andqile ranks are reported in the results
protocol. The split-half reliability coefficientsavy between 0,82 and 0,87 for respondents of
different educational level.

RT (S1) — 3-4 minutes — Reaction Test assessesiaedane (split into reaction and
motor time) in response to simple and complex Visnacoustic signals. They also identify
attention disorders, assess the ability to suppreappropriate reactions and provide
intermodal comparisons. The following main variagbleere calculated: mean reaction time
and mean motor time, measure of dispersion reatitimand dispersion motor time.

Reliabilities (Cronbach's alpha) in the norm samyaey between r=0,83 and r=0,98 for
reaction time and between r=0,84 and r=0,95 foromine.

CORSI (S1) — 10-15 minutes — Corsi Block-TappingtTeeasures visual short-term
memory capacity and operationalises the visuo-apatemory span. It indicates the longest
sequence length that has been reproduced coregdidast once. The reliability of the test is
between r=0,81 and r=0,89.

STROOP (S8) — 10-15 minutes — Stroop Interferenest Provides fair and highly
reliable assessment of the ability to inhibit ogarhed answers to simple tasks. Test subtest
differentiates between congruent items - colour amehning of the word match - and
incongruent items - colour and meaning of the wio€@ NOT match. The main variables are
reading interference and naming interference; deew@ion time is also measured.

PASAT-50 (paper-and-pencil) — 4 minutes — The Paaatitory Serial Addition Test is a
measure of cognitive function that assesses ayditdormation processing speed and
flexibility, as well as calculation ability. Thegeevaluates working memory and sustained
attention. There was documented split-half relipbibreater than r=0,9 and test-retest
reliability values of 0,93-0,97 (Mitrushina, BoorRRazani, & D'Elia, 2005).
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Based on the performed tasks, 11 variables weligrddsd. The raw scores obtained in
particular tests were automatically converted iftecores on the basis of comparison with
calibrated Austrian norm sample. In the case of RRS0, as Czech norms were not
available, the raw scores were converted into Tescasing a formula introduced by Diehr et
al. (1998; 2003); 12,93 + (4*Scaled Score) + (0&$) - (1,06*Education). As for different
educational systems in the Czech Republic and thiketl States, two-year college was
equivalent to A-levels secondary school, four-yeatlege to a bachelor's degree and
master’s/engineer degree were coequal.

FASAT Tirne-1 results | PASAT Time-2 resdts

Rawscore | T-score | Raw score | T-score
L] 449 45 53
L] A6 48 bits)
TEST VARIABLES 48 fi1 47 &7
SIGN AL | Signal Detection 42 48 42 48
3D Spatial Orientation 29 42 42 46
RT Reaction Time 43 44 45 43
hctar Time 43 fi5 48 fil
Dizperzion Reaction Time L 58 43 G
Dizperzion Motor Time 47 55 43 59
CORSI Coarsi Block-Tapping Test 44 54 45 58
STROOP |Reading Interference 4 48 41 40
Matming Interference 42 48 41 44
Stroop Test Time 4 fi1 43 a7
PASAT- JPace Auditory Addition 45 47 44 46
50 Task 44 500 44 500

TablelV. Variables
Table V. Pasat T-scoretable

2.4. EEG Recording
Each participant was measured the head size andittesswith a correspondent (small,

medium, large) Electrocap™ containing 20 electrode@s®e mm in diameter. Nineteen
electrodes were active and were referred to lird@dobes (monopolar recording). Site Fpz
served as ground. All placements were in accordawith the International EEG
nomenclature — the International 10/20 system glag/958; Klem, Luders, Jasper, & Elger,
1999, ).

All recordings were made using preamplifiers witht samplification A=1, entry
impedance min 100 Mohm//10 pF and low and highdesgy cutoffs being set at 0,15 Hz
and 120 Hz, respectively, coupled to a modulartaidgtEG amplifier EADS220 BrainScope.
The data were simultaneously stored on a magnpticab disk for offline analysis.

While being fitted with the cap, the participantsres shortly described the principles of
EEG recording and were answered eventual questlongteview mode they were shown
EEG registration and were instructed about how inimze appearance of muscular and
ocular artefacts. After that the participants wesructed to lie in a supine position on the
medical couch and to calm their respiration ratetirhe-1 the registration ran in following
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sequence: 2 minutes eyes open (OA), 2 minutesagsed (OC), 2 minutes OA, 2 minutes
OC, 2 minutes relaxation with eyes closed (RELANX)time-2 the registration followed this
sequence: 2 minutes OA, 2 minutes OC, 2 minutesAXEL

2.5. Neur ofeedback training
NFB group was given 30 minutes training for theigebof 10 days (5 hours). One session

consisted of 15 rounds of 2 minutes. Training o€hswextent is quite demanding for
neurofeedback beginners and it is common that $essions begin at about 11 rounds. To
avoid exhaustion, the participant regulated theaksebetween rounds according to their
needs. Normally there were about 10 to 30 secondgsa The participants had each specific
time to conduct the training; overall the traintogk place from 2.45 to 5.40 p.m. There were
some problems concerning the environment as ti@rtgagroom was not air-conditioned and
there were also some disturbing external noises fte corridor behind the door. Sometimes
it could be observed on the performance that thicp@mants were occasionally disturbed;
however, such disturbances didn’'t have long-terfecefand usually were indicated by only
momentary drop in their attention and resultingrdase in the performance.

The training was conducted on EEG apparatus and M&Bhine BrainScope and was
adjusted to increase SMR and decrease theta gctihich was documented to be associated
with attention enhancement, as mentioned abovereTheas evident progress in the
performance of the participants but it couldn’t fegistered in graphic form due to system
error. However, registry files showing numeric cargtion of performance level revealed
rapid increase after first few sessions, followed dnly small improvements or stable
performance (from about"&ession). The difficulty of the task was regulagedording to the
actual performance, which tended to decrease aertdeof the session due to demanding
nature of the training and its unusual length (fraimout 13-13" round).

2.6. Meditation training

Like in the case of NFB group, the meditation grewgs given 30 minutes training for the
period of 10 days (together 5 hours of meditatioB@cause all the participants were
beginners, with no previous experience with meiitabr relaxation, it was necessary to
choose some easy form of concentration meditaisnmindfulness meditation is not very
appropriate for inexperienced meditators and takemrs of practice to master. It was
desirable to choose such technique that would ls§ &a learn and which would have
characteristics similar to those of neurofeedbddikSraining.

Since Andrew and Mathews published their EEG sindi©34, there has been explored
the possibility to use light stimulation as a foohtherapy that could alter subject’s brain
activity (Pigott, Alter, & Marikis, 2008). The eftés of light have been documented in several
studies and it was suggested not only to have sgniding outcomes (e.g. Frederick, Lubar,
Rasey, Brim, & Blackburn, 1999; Pigeau & Frame, 29%ut also that this effect persisted
during mental task performance and could lead tdopeance enhancement (Budzynski,
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Jordy, Budzynski, Tang, & Claypoole, 1999). Sevesaldies have claimed that light
stimulation neurotherapy has effects comparablthése of neurofeedback and meditation
and could be successfully applied to similar ranigeonditions (Pigott et al., 2008).

For the proposed effects of light neurotherapy weiadkd to employ the element of light
in our meditation technique. As it needed to beceotrative technique, we decided to go
with yogic trataka meditation, or candle gazing,ckhfulfils the condition of easy mastery
and fast progress. The aim of trataka is to develmpcentration and mental focusing by
gazing steadily at some small object without bingkuntil the eyes strain and water, often, as
in our case, the object being a candle flame. Keataith open eyes is followed by
visualization of the object; it is, calling up ofcéear mental image. After mental image of
object becomes less clear, eyes are open agalactitymation manifests. For our purposes,
to ensure acquirement of right breathing patteataka was accompanied with OM mantra.
The participants were instructed and exercised twwmhale and exhale, OM mantra being
repeated mentally with every breath in and alouth wvery breath out.

Meditation training took place every work day fr&@®5 to 6.15 p.m. The room in which
training took its course served as cinema audnorand offered ideal conditions for our
purposes. The room was isolated from external n@sd was air-conditioned, with
temperature set at 22°C (72°F). As some of theqggaahts had locomotive problems that
prevented them from assuming lotus position, wedaekcto use cinema chairs instead. Each
participant had its candle which was placed in apipnately 90 cm distance (arm-length), at
eye level.

As some of the participants wore glasses, they westeucted to take them off during
meditation, so that they didn’t damage their retiAa we practiced group meditation and
pronounced OM mantra could disturb the participatitey were provided with sanitary
earplugs which helped them concentrate. Participardre also instructed to immediately
report any adverse effects or disagreeable feelihgs would occur during and after the
fortnight meditation training. However, the onlyoptem reported was uncomfortableness
caused by assumed position in one case, whichpbsapd after two sessions.

2.7. Statistical analysis
Statistical analysis was carried out using SPS&vaoé for Windows, version 15. At the

first step, intergroup means were compared usiegbtbxplot charts. There were observed
some differences suggesting that the performancéh@fgroups were differing. It was
necessary to compare the means and find if thepgravere similar as to their performance, or
if the differences were significant. For the snmalinber of participants it was unreasonable
to use statistics based on the assumption of nodiséibution. Therefore, nonparametric
tests were employed. The groups were compared bskidl-Wallis Test to ensure similarities
in cognitive performance, the test was ideal asdtitea were unpaired, non-Gaussian, and the
shapes of distribution were similar. Following thige used Wilcoxon Signed Rank Test to
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test the hypothesis of performance enhancemengtimeg small samples. Both statistics is
possible to apply on small samples. Kruskal-Wa#MNOVA is applicable as total sample size

n>7, the samples are the same size, number of gioed (Motulsky, 2007), and as there are
at least five scores at each sample, it is notgsaecg to compare H values with Kruskal-
Wallis Statistic Tables to determine the significarievel, but is possible to use chi-square
probabilities (Ho, 2006). Wilcoxon Signed Rank TBMSRT) was used for within-subjects

design of interval data obtained from the sameviddals, the distributional assumptions

were suspect, the total sample size was small antber of within-group subjects wasn’t

lower than 5, hence testable at significance Iédel 2006).

2.8. EEG analysis

EEG analysis was conducted in WaveFinder modulgrpro for Windows, version 1.31.
At first, all the records were checked for signgpogsible abnormalities that would exclude
participant from the experiment. As all the recosdemed normal, they were all included in
the study. After that, the data were visually seghfor any epochs with movement, electrode
or eye-movement artefacts were manually markedvesre excluded from further analysis.
Furthermore, the eye-movement artefacts were alstvalled by software pre-settings.

15 sle Bz 0 15 sLrHs 0 1S sleHs 0 15 sz Hs 0 15 slgHs 0 15 sz Hs 0 15 e Hs 0 1§ 1.3 Ha
Fpl T2 T o0z [ 1 P2 o0l Tpi T4 F& 04 [T P4 :0t

Image I 11. Eye-movement artefactsvisible mainly in the frontal areas (OA)

Three different states (OA, OC, RELAX) recorded idgrthe sessions were analysed
using electroencephalospectrograms (ESG) obtaiyethsi Fourier Transformation (FFT)
and constructed into BEAMSs.

At next step, interhemispheric coherence was coetpidr RELAX at time-1 and time-2
and the maps were compared for each participamtablcoherence values in longitudinal
direction were calculated for eight coherence pa&sl-F3, Fp2-F4, F3-C3, F4-C4, C3-P3,
C4-P4, P3-01, P4-0O2. The numeric values were tbarelated with test results for each of
the two measures.
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Image V. BM and ESG for OA
3. Results

3.1. Perfor mance enhancement

Boxplot charts for all the variables were checkefble any statistic was conducted, to
ensure performance similarities of the three sampietime-1. The charts suggested some
differences in the means but the groups were rqugjhiilar.
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3.1.1. Kruskal-WallisANOVA

Ranks

Experimental Group I Mean Rank

Signal Detection MFE a g,90
MED a 10,70
CHTRL q 6,40
Total 14

Spatial Orientation MHFE a 5,80
MED A 9,60
CHTRL a 8,90
Total 15

Reaction Time MFE a 9,80
MED A 8,90
CHTRL a 5,20
Total 14

Motar Time MHFE a 8,20
MED A 10,60
CHTRL 3 5,20
Total 14

Cizpersion Reaction MFE a 7,60

Time MED 5 8,20
CHTRL il 7,20
Total 14

Cispersion Motar Time HFE a 7,80
MED A 10,00
CHTRL A 6,50
Total 148

Corsi Black-Tapping Test WFBE a 7,00
MED a 10,90
CHTRL a 6,10
Total 14

Reading Interference MFE a 8,10
MED A 8,40
CHTRL q 7,80
Total 14

Maming Interference HFE a 9,40
MED a 5,80
CHTRL a 8,80
Total 148

Stroop Test Time MFE a A,60
MED A f,60
CHTRL a 10,80
Total 14

Pace Auditory Addition MFBE ] 6,30

Task MED 5 10,00
CHTRL A 770
Total 14

TableVI. Kruskal Wallis Ranks

Ho: M(NFB) = M(MED) = M(CNTRL)
Ha non-Ha

The assumption of variable differences between ggduased on the boxplot charts was
correct. In the Ranks table there can be obsenemhrdifferences as obtained for particular
tasks. In several variables (signal detection, mbioe, dispersion reaction time, dispersion
motor time, CORSI, PASAT) the MED group shows tlghbst values, suggesting that the
group consisted of individuals that performed dliglpetter than individuals in two other
groups. The H;f) statistics for each variable were compared agaiitical value tables (see
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k = 3,0 = 0,05) for none of the variables the computed H valugréater thar’os = 5,78,
and the alternative hypothesis for neither of theables is supported at the 0,05 level of
significance. As the asymptotic significance valdies particular variables shown in Test
Statistics chart are higher than 0,05 significaeeel, we fail to reject the null hypothesis. A
Kruskal-Wallis test revealed that@t= 0,05 significance level, the three groups (NNVED,
CNTRL) are similar as to their median performanteagnitive tests measured at time-1.

Test Statistics™?
Dispersion Corsi
Signal Bpatial | Reaction Reaction | Dispersion | Block-Tapping | Reading Naming Stroop | Pace Auditary
Detection | Otientation | Time | MotorTime | Time Motor Time Tast Interference | Interfarence | TestTime | Addition Task
Chi-Bouare 1795 1414 3,098 3680 A7l 1,743 4,249 106 1804 2040 1,748
of 1 1 1 1 ! 1 ! 2 2 2 ]
Asymp. i, M7 249 212 1A JA 418 M 548 i M0 47

3. Kruskalwallis Test
. Grouping Variable: Experimental Graup

TableVII. Kruskal Wallis statistics

3.1.2. Wilcoxon Paired Signed-Rank Test

Symmetric assumptions were checked before condythim statistics. Time-1 and time-2
differences were computed. Again, boxplot chartggssted rough symmetry assumption for
main variables. However, some variables didn’t ntleetcriteria and were highly asymmetric.
These should be excluded from further analysishag o not meet symmetry assumptions
necessary for Wilcoxon Paired Rank Test. Howewsst, put of curiosity, they were included
in the pre-post comparison, but no conclusions vageavn. Namely they were dispersion
reaction time, dispersion motor time, STROOP timdd(tional variables not important for
overall test results), and PASAT (Image VI.).

15,00—

10,00—

5,00

D_PASAT

0,00—

J .

T T
NFB MED CNTRL
Experimental Group

-5,00—

Image V. PASAT boxplot charts
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Image VI. Boxplot chartsfor dispersion motor time
3.1.2.a Neur ofeedback

A Wilcoxon Signed Rank Test for NFB group revealedt there were some differences
between performance measures at time-1 and tin@v2rall group performance in most
tasks was better at time-2, with exception of digledection that showed higher performance
results at time-1.

Ho: pttime-1 = Htime2

Ha ' stiime1 < Mtime2

Because the sample was very small (n = 5), befoagvidg any conclusion, it was
necessary to compare the T statistic for each Marmith critical value tables of one-tailed
WSRT. Critical value for one-tail WSRT for n =5091), which was exceeded in some of the
variables (Table VIII.).

It can be concluded that Wilcoxon Signed Rank Tresealed statistically significant
reduction of motor response time in Reaction Telbwing participation in neurofeedback
training program, z = -2,032, p = 0,021 < 0,05, D,=s - o) = 5. The mean percentile of
motor response time increased from pre-trainin@®1o post-training 67,40; also reaction
time in Reaction Test shows statistically significeeduction in response (p-value = 0,021, T
= 0), at 0,05 level of significance we accept thteraative hypothesis that NFB training
participation led to reduction in reaction time,tlwimean percentile of reaction response
increasing from pre-training 65,80 to post-trainif@20. Since signal detection (SIGNAL)
test p-value = 0,137 > 0,05 and T = 8, we faildct the null hypothesist the level =
0,05 of significance, there is not enough evideioceonclude that NFB training led to better
performance in the test. Spatial orientation (3BJajue = 0,021 < 0,05, T =;ONSRT
revealed statistically significant performance erdgment in 3D task following participation
in neurofeedback training, the mean percentileeased from pre-training 51,00 to post-
training 61,00. For reading interference and namigrference in STROOP task the p-
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values are 0,072 and 0,051, respectively. AlthoinghT values were 1 and O, respectively,
we fail to reject the null hypothesis. At the lewet 0,05 of significance, there is not enough
evidence to conclude that following NFB training l® better performance in STROOP task.
CORSI revealed significant performance enhancerfentalue = 0,042 < 0,05, T = 0); this
change, however, wasn’t supported due to tes A 3.

Ranks
Mean Rank | Sum of Ranks

Signal Detection Retest - Megative Ranks 34 2 E7F 8,00
Signal Detection Positive Ranks e 2,00 2,00

Ties 1%

Tatal 5
Spatial Crientation Retest  Megative Ranks n? a0 aa
- Spatial Orientation Positive Ranks g 3,00 15,00

Ties a'

Total ]
Reaction Time Retest - Megative Ranks 09 a0 g
Reaction Time Positive Ranks ch 3,00 15,00

Ties o'

Total g
Motor Time Retest - Motor  Megative Ranks ol fuln} 0o
Time Positive Ranks st 3,00 15,00

Ties o'

Tatal 5
Dizpersion Reaction Megative Ranks om a0 aa
Time Retest - Dispersion  posiive Ranks g! 2,50 10,00
Reaction Time Ties g0

Tatal 5
Dizpersion Motor Time Megative Ranks 1P 2,00 2,00
Retest - Dispersion MOtor — positive Ranks 34 257 &,00
Time Tem qr

Tatal g
Corzi Block-Tapping Megative Ranks 0 oo aa
Retest - Corsi Pozitive Ranks at 2,00 £,00
Block-Tapping Test Ties Pl

Tatal 5
Feading Intetference Megative Ranks 1 1,00 1,00
Retest - Reading Positive Ranks K 3,00 9,00
Irterference Ties 1%

Tatal 5
Marming Interference Megative Ranks i a0 aa
Rietest - Naming Positive Ranks 3 2,00 £,00
Irterference Ties o

Total g
Stroop Retest Time - Megative Ranks 4t 275 11,00
Stroop Test Time Positive Ranks 19 400 4,00

Ties 0™

Tatal g
Pace Auditory Addition Megstive Ranks o 1,75 3,50
Re-task - Pace Audtory  Positive Ranks " 3,83 11,50
Addition Task Ties 094

Total 5
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Test Statistics NFB

Dispersion
Siognal Shatial Reaction Dispersion Corsi Reading Narming Pace Audtory
Detection | Orientation | Reaction Time Retest | Motor Time | Block-Tapping | Interference | Interference Adleltion
Retest - Retest- | TimeRetest | Motor Tine | -Dispersion | Retest- | Refest-Corsi | Refest- Retest- | StroopRetest | Re-task-
Signal Spatial - Reaction Retest - Feaction Dispersion | Block-Tapping | Reading Haming Time - Stroop | Pace Audtory
Detection | Oriertation Time Motar Time Time Matar Time Test Interference | Interference | TestTime | Action Task
I -1 ag? 2030 200 a0 -1 b -4 ot A0 -1 4R1b -1 pagb - 443 -1 0a4b
Azymp. Sig. (2-taled) 273 042 1142 042 I 273 (33 144 A02 45 219
&. Based on positive ranks.
b, Biaged on negative ranks.
¢ Wilcoxon Signed Ranks Test
Tablel X. WSRT statistics
Descriptive Statistics
I Wean
Spatial Qrientation a 51,00
Spatial Crientation Retest a 61,00
Reaction Time a 65,80
Reaction Time Retest 5 70,20
atar Time a 51,20
Motor Time Retest a BY 40
]

3.1.2.b Meditation
In the case of MED group, the comparison of pre post training performance brought

more variable results. The observed differencest dolfow the improvement trend which is
possible to observe in NFB group for most of vdaabOverall MED group performed better
in some tasks at time-1 while in other tasks watopmance better at time-2. There are also
some ties between test and retest. In the casded@f ffoup WSRT doesn't affirm significant
changes (at 0,05 level) in any of the tested vlagltonsequent to participation in meditation
training program. The smallest p-value shows spatiantation (0,055). We can conclude
that at the leveb. = 0,05 of significance, there is not enough evdethat participation in

Walid M (listwise)

Table X. WSRT preand post training means

MED training led to enhanced performance in anthefobserved tasks.

Test Statistics MED
Dispersion
Signal Spatial Reaction | Dispersion Caorsi Reading Naming Pace Auditory
Detection | Orientation | Reaction Time Retest | MotorTime | Block-Tapping | Interference | Interference Addition
Retest- Retest- | Time Retest | MotorTime |- Dispersion | Retest- | Retest- Corsi | Retest- Retest- | StroopRetest | Re-task-
Signal Spatial | -Reacfion | Refest- | Reaction | Dispersion |BlockTapping | Reading MNaming | Time- Stroap | Pace Auditory
Detection | Orientation Time Wotar Time Time Wotor Time Test Interference | Inferference | TestTime | Addition Task
I AME| 1608 N TG T e SR e e 1,088 T
Asymp. Sig. (2ailed) ikl 109 854 4 il 498 filiz} 21 228 A 44
3. Based on positive ranks.
0. Based on negafive ranks.
¢. Wileoxon Signed Ranks Test
Table XI. WSRT
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3.1.2.cControls

WSRT for controls shows similar results to those MED group. There are some
differences between the two performance measurembnt there can’t be estimated any
obvious sequence of these differences. Once ageoap performance was greater in some
tasks at time-1, while other tasks group complétetter at time-2; like in MED group there
were some ties between the measurements. Thetaéistics for CNTRL group reveals no
significant changes (at 0,05 level) in neitherlod variables tested. The smallest p-value can
be find for motor time in Reaction Test (0,11). Girall the p-values are > 0,05, we fail to
reject the null hypothesis. At the lewek 0,05 of significance, there is not enough evigen

to conclude that performance at time-1 was belttem performance at time-2.

Test Statistics CHTRL”
Dispersion
Signal Spatial Reaction | Dispersion Corsi Reading Pace Auditory
Detection | Orientation | Reaction Time Retest | Motor Time | Block-Tapping | Interference Addition
Retest- Retest- | Time Retest | MotorTime |- Dispersion | Retest- | Retest- Corsi | Retest- Stroop Retest | Re-task-
Signal Spaial | -Reacion | Retest- | Reaction | Dispersion |BlockTapping | Reading Time-Siroop | Pace Auditory
Detection | Orientafion Time | MotarTime | Time Wiator Time Test Interference TestTime | Addition Task
I 56 T SR A o - 40§ - g T KNG - 4612
Asymp. Sig. (2ailed) 581 i3] a00 il 1,000 B84 17 345 15 I

3. Based on positive ranks.

0. Based on negative ranks.

t. The sum of negative ranks equals the sum af positive ranks.
d. Wilcowon Signed Ranks Test

Table XI1. WSRT

3.2. EEG analysis

Comparison of interhemispheric coherence BMs obthior RELAX at time-1 and time-

2, BMs represent 20 second sequences.

From the BEAMs we may observe global trend towdidser intehemispheric coherence
at time-2. Using spectral analysis, the global nuenealues for nine coherence pairs were
computed (in Hz). The difference values betweenepafice at time-2 and time-1 were

calculated for each of coherence pairs.
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3.2.a Neur ofeedback Group
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3.3. Test Results x Coherence Correlation

Pearson correlation revealed significant relatigndietween results in some cognitive
tasks and some coherence pairs at both time-1 iamel2 However, overall correlation
between test results and coherence pairs is maatlgignificant.

HO:p=0
Ha:p #0

3.3.1. Time-1 Correlations
A correlation for the data at time-1 revealed te result in Signal Detection task and

coherence for pairs P3-01 are significantly related +,680, n = 10, p < 0,05. There is also
significant relationship between coherence paiORZnd reaction time in Reaction Test, r =
+,648, p < 0,05. Significantly negative relationsleixists between reading interference in
STROOP test and coherence pair Fp2-F4, r = -,65% 0,05, and between reading
interference and coherence pair F4-C4, r = -,867001 (see Table XIV.).

3.3.2. Time-2 Correlations
A correlation for the data at time-2 revealed sgroegative relationship between results

in Spatial Orientation task and coherence pair Fp2r = -,803, n = 10, p<0,01, and between
Spatial Orientation and coherence pair F4-C4, 1644, p<0,05. There is also significant
negative relation between Spatial Orientation anldecence pair C4-P4, r = -, 702, p<0,05.
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Data also revealed relationship between reactioa th Reaction Test and coherence pair C3-
P3, r = ,634, p<0,05. Negative relation exists leefwreading interference in STROOP task
and coherence pair F4-C4, r = -,699, p<0,05, amddsn reading interference and coherence
pair P3-O1, r = -, 707, p<0,05. There is strong ti@tship between STROOP time and
coherence pair Fp2-F4, r = ,899, p<0,01, and meldbetween STROOP time and coherence
pair C4-P4, r = ,644, p<0,05 (see Table XV.).
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Correlations

c o
BRI H M Lk
d EE|E ﬁu z (B 1 I R - O R A I T A -
s | 8|5 |cE|BE|S|E || A (s 8| 8| BB BB BB
Tl s | 2|22 |8 |0 |2|o|&|8E|E |||t |E|E|t
B % |2 |=E |8 |B |w |o |5 |2 |S%|&| 8|8 |E L2 |E) L
0§ 2 1a |z |85 |4 SI8|S|8|8]|8|8]8
[u] ) i =
Signal Detection Pearsan Corvelgtion | 1 | 278 |-669(-047 |-190 | 03¢ | 46 [-079 | 002 | 076 | 112 [-055 [ -4 [-385 | st |-378 | o0 |-gec¢|-448
Sig. (2-tailed) 0| 034 | 595 | 595 | 926 | 327 | 528 | 996 | B34 | 7oG | B69 | 794 | 259 | 589 | 262 | A0S | 030 | 194
il 10| 10| 0] 10| f0| 10| 0] f0o| 40 10| 10 ] 10 0| 0| 0] 10| 40| 10| 10
Spatial Orientation Pearson Corvelgtion | 276 | 1 |-002 | 636°| 267 | 448 | 095 | F7I4|-E14 |-BB1*| 28T |-269 | -278 |-206 (-550 |-288 |-458 |-3%7 |-276
Sig. (2-ailed) 440 96 | 045 | 422 | 194 | 7H3 | 033 | 059 | 035 | 456 | 452 | 436 | 493 | 093 | 420 | 183 | 42 | 44
il 10 10| 0] 0] f0f 10| 0] f0| f0[ 10| 0] 10 10| 40| 0] 10| f0] 10| 10
Reaction Time Pearson Correlation |- G65* | - 002 1| 320 | 654%| D43 [-264 | 255 | -440 |-310 | o4 | 211 | 154 | 315 [-037 | 260 |-045 | 64| 0
Siy. (2-tailec) 03¢ | 9% JEB | 026 | G06 | 461 | 481 | 203 | 382 | B4 | 559 | 6T | 7B | M9 | 468 | 902 | 043 | 4
il 10 10| 0] 0] f0f 10| 0] f0| f0[ 10| 0] 10 10| 40| 0] 10| f0] 10| 10
Wdotar Time Pearson Correlation |- 047 | 636%| 320 1| 236 | 805 274 | 316 | -795%|-243 |- 248 [-176 | -07 |-050 |- 181 |- 144 |-426 | 177 | 030
Siy. (2-talec) 895 | 4B | 368 S| 005 | 443 | 374 | 006 | 498 | 490 | g7 | A3 | pe0 | G17 | BM | 20 | 635 | g3
il 10 10| 0] 10| f0| 10| 10 f0o| f0[ 10| 0] 10 10| 0| 0] 10| f0] 10| 10
Dispersion Reaction Pearson Correlation |-190 | 287 | 694*| 2% 1 (-1200|-160 | 237 | -500 (397 | 261 | M2 | 0 [ 7 |-078 | -044 |- 238 | 35T (-23
Time Siy. (2-tailec) 598 | 422 | 026 | AN 742 | G50 | A09 | 140 | 256 | 432 | 757 | 960 | B38| 22 | o4 | 08 | 340 | 09
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Dispersion Motor Time  Pearson Correlation | 034 | 448 | D43 | 8059 - 120 1| 146 | 410 | -B59* | 046 |-277 (-586 [ -309 |-471 |-383 |- 334 |-432 |-200 (-203
Sig. (2-ailed) 926 | 194 | 805 | 005 | 42 F86 | 239 | Q036 | S00 | 439 | 075 | 253 | 69 | 274 | 45| 148 | 579 | 574
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Corsi Block-Tapping Test  Pearson Correlation | 346 | 096 [-264 | 274 [-160 | 146 | 1 [-436 | -390 | 428 [-030 | 3e0 | 385 | 3| 403 | s08 | 405 | 191 | 453
Sig. (2-ailed) 327 | 793 | 461 | 443 | 659 | SO 205 | 265 | 24T | B35 | 278 | 075 | 379 | 248 | 134 | 245 | 597 | 186
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Sig. (2-ailed) G268 | 033 | 481 | 374 | 509 | 239 | 208 228 | 025 | 43T Q08GO 038 | 073 | 00| 252 | 138 | 23 | jg82
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Stroop Test Time Pearson Correlation | 076 [-G61%{ - 311 |-243 |- 307 | 46 | aos [-game] a0 | o |-ams [ e | gne | qon | goe | 20| 263 | e | 2o
Sig. (2-tailed) G34 | 038 | 362 | 488 | 256 | 800 | A7 | 025 | 682 AGE | 746 | 37T | 7TE | 217 | 4T | 463 | 831 | 22
il W 1| w0 @y o1y 0] 1| o1 W 1] w] 1 W) 1| wy| @] 1] W] 1
Pace Auditory Addtion  Pearson Corvelation | 112 | 267 | 048 |-248 | 281 |-277 |-030 | 504 |- 104 |-473 1]-232 | -292 |- 326 [-482 |-057 | 024 |22 [-303
Tagk Sig. (2-ailed) Ja5 | 456 | 594 | 480 | 432 | 439 | B35 | 057 | 774 | 16E S8 [ M3 | 386 | 158 | 877 | 47 | 540 | 395
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Coherence Fpl-F3 Pearson Cortelation |.155 (- 269 | 211 (176 | 12 |-586 | 380 |-B19 | 157 | M8 |-232 1| S3M| 943 Th4r| TogM BA0t| 6400 A5G
Sig. (2-tailed) GB9 | 452 | 559 | 27 | 757 | 075 | 279 | Q056 | GBG | 746 | 19 oo | poo | 00| o7 | 030 | 048 | 039
il W 1| w0 @y o1y 0] 1| o1 W 1] w] 1 W) 1| wy| @] 1] W] 1
Coherence Fp2-F4 Pearson Correlation [-114 [-278 | 156 [-078 | o6 [-399 | 565 [-gaee| poo | 4 [-2m2 | gse| 1 | oo sese| e gas| e | op
Sig. (2-ailed) 754 | 436 | G671 | 831 | 960 | 253 | 075 | 038 (1,000 | 37T | 3| 000 oo | ooy | oot | s | 054 | 022
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Coherence F3-C3 Pearson Correlation |-395 |- 246 | 315 [-050 | 171|471 | 313 {-g89 | po2 | o2 [-328 | sase] oo 1| geer| rroe] sz | rewe| ras
Sig. (2-ailed) 259 | 493 | 376 | 90 | 633 | 69 | 379 073 | 00 | 779 | 336 | 000 | 000 025 | 00§ | 122 | 007 | 006
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Coerenice F4-C4 Pearson Correlation | D5t |-559 {-037 [-181 |-178 |-363 | 403 |-g67#| 31e | 428 |-géz | geer| 7ese{ peer| 1 | 497 | qert| sm | 13
Sig. (2ailee]) aag | pe3 | a9 | BT | B2 | 2| 28 | oot | | a7 | ase | mo | 007 | s A4d | 04| 08 | 058
il 0] 10| 0] 0] f0| 10 0] fo| d0f 0] 10] 10 0] 10| 0] 0] f0] 0] 10
Coherence C3-P3 Pearson Correlation |- 378 [-288 | 260 [-144 |-pas [-33¢ | 508 [-400 | -pe2 | 290 |-ps7 | 7eee| srae| 7o ae7 | 1| gew| f0s | oo
iy (2ailee) 26| 420 | 466 | B9 | S04 | 45 | 34 | 252 | es | 47| BT | o7 | oo | D08 | 44 02 | e | o
il 10 10| 0] 0] 10 10| 0] 10| f0[ 10| 0] 10 100 10| 0] 0] 10] 10| 10
Coherence C4-P4 Pearson Correlation | 090 |- 458 |- 045 |-426 |-230 |-452 | 409 (-S04 | 257 | 263 | Q24 | Go0*| 735%| 22 | TH0%| BERF| 1| 295 | 4%4
Sig. (2ailee]) B05 | 183 | a0z | 20| 508 | 4B | 245 | 130 | 474 | 463 | 7| 30| ms | a2 | ma | om 408 | a8
il 10 10| 0] 10| f0| 10| 10 f0o| f0[ 10| 0] 10 10| 0| 0] 10| f0] 10| 10
Coerence P3-01 Pearson Correlation |- ga0¢ |-337 | pear| 177 | 337 [-200 | o0 [-432 [ -013 | o7e |22 | peoe| goe | 7eoe| ga9 | fos | 2ms | 1| o
i, (24silee) 030 | 42| 043 | B25 | 40 | 579 | A7 | 3| 757 | A | 540 | ;e | ps4 | o7 | 08 | De4 | 409 ik
il 10 10| 0] 10| f0| 10| 10 f0o| f0[ 10| 0] 10 10| 0| 0] 10| f0] 10| 10
Coherence P4-02 Pearson Correlation |- 448 (-276 | 031 | 030 |- 235 |-203 | 453 |-575 | 146 | 220 |-303 | B5a¢| 7OB%| 7a5*| B13 | 7OOR| 454 | 7248 1
Siy. (2-tailec) 194 | 441 | 932 | 934 | 509 | 574 | 188 | 082 | ge7 | 524 | 385 | 039 | 022 | Do | psa | 024 | 88 | 018
il 10| 10 0] 10| 40 100 100 f0f 40 0] 10] {0 10| 40 0] 10 400 10 10

* Correlation is significant &t the 0.05 level (2-tailed).
* Correlation is significant & the 0.01 level (2-taled).

Table X1V. Correlations between coherence pairsand test resultsat time-1
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Time Ristest Si. (2-tailed) E9 | paT | o7 | s B84 | o7 | 325 | S35 | M5 | 988 | 743 | Q00 | 454 | 975 | 46 | g7 | 389 | ETS
il 10 10 10 10 0] 0| 10 10| 10| 10 10 10 10 0 0] 10| 10| 10 10
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+ Correlation iz significant st the 0.05 level (2-tailed).
*# Correlation s significant &t the 0.01 level (2-tailed).

Table XV. Correlations between coherence pairsand test resultsat time-2
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4. Discussion

One of the main purposes of this study was to deter if short-term neurofeedback and
meditation training have effect on cognitive penfance, and if there is any relationship
between cognitive performance and coherence duelaxation, in the sites that correspond
to cortical activation during specific task solvinthe results obtained in comparison of pre
and post training performance by Wilcoxon SignechiR@est suggest, in accordance with
previous research (Vernon et al., 2003; Hanslmyarak, 2005), that short-term
neurofeedback training improves cognitive perforaeanThere were found significant
differences in spatial orientation, reaction tinmed anotor response. The findings support
previous finding that theta oscillations are refate sensorimotor integration and spatial
learning (Caplan et al., 2003). Also reaction tiamel motor response were previously found
to be related to sensorimotor rhythm (Mates etl&94; Leocani et al., 2001). The results are
consistent with findings associating SMR enhancéraed increased perceptual sensitivity ‘d
prime’ (Egner & Gruzelier, 2004). However, thereswaund no evidence that increased SMR
leads to higher attention performance, possiblytiier fact that beta frequency increase was
not included in the training protocol. There weoeng observable trends suggesting improved
performance in some other cognitive tasks. NametysiCBlock-Tapping Test showed
significant improvement which wasn’t supported ties (n = 3). Still, the result is interesting
as CORSI test measures visuo-spatial memory span.

For the meditation group, as for the control grotiere were found no significant
differences in cognitive performance at the two soeaments. While NFB group showed
general trend towards performance improvement, MB® CNTRL groups had more various
results and there were many ties which disallowedtraw any conclusions.

EEG analysis of pre and post relaxation state ftedegeneral trend towards greater
general interhemispheric coherence in anteriorgumstdirection for site pairs Fpl-F3, Fp2-
F4, F3-C3, F4-C4, C3-P3, C4-P4, P3-01, P4-0O2. Tread was visible especially in
posterior areas which are related to preattentreegsses. When compared to concentrative
meditation, relaxation shows lower coherence le{@lsn et al., 1999). From the maps for
individual frequency bands it is difficult to coni@ any conclusion, as there isn’t possible to
observe any general pattern for neither of the ggdMED, NFB). There is rather small alpha
activity in frontal areas, which was suggested ¢arbportant factor of relaxation related to
emotional arousal (Austin, 1999) and there are atstraces of synchronic alpha pattern over
the whole cerebral surface as indicated in somero#tudies (Smith, 1999). Greater
coherence at time-2 could be also caused by diffezenditions during EEG recording at
time-1 and time-2 or accidental mental activityefidis some difference between groups as
to delta coherence, which typically occurs duriransition from wakefulness to sleep, and
which shows greater coherence in time-2 for the F&ip. This would support the claims of
neurofeedback participants that they felt tirediryithe training period. Most notable is the
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difference in theta coherence in pre post measurtsrier NFB group. The pattern towards
greater coherence is followed by all the subjeat$ ia8 most obvious in parietal areas. This
trend supports hypothesis of double dissociatiolin{&sch, 1999) that relates higher theta
power in rest with increased cognitive performance.

The correlation between coherence pairs and cegngerformance brought somewhat
uncertain results. At time-1 there was significeslaitionship between performance in Signal
Detection test and coherence pair P3-O1. Aim ofNAG task is visual detection of relevant
signal in two-dimensional space. Parietal areasgnate sensory information from different
modalities and are particularly related to spasehse and navigation (Kolb & Whishaw,
2003). However, results in other tasks that shdnddcorrelated with parietal areas do not
show significant relationship. This could be dudhe fact that coherence between occipital
and parietal areas is also related to visual psiegsand that there are parietal mechanisms
for directed visual attention (Lynch et al., 197&hich correlated with results in SIGNAL
test. Correlations between reaction time and cotvergair P3-01 (time-1), and reaction time
and C3-P3 (time-2) support evidence that parieteas are associated with promptness of
reaction (Honey et al., 2000). Repeatedly in bo#dasures, there were also found correlations
between STROOP task (and reading interferencerahdrence pairs Fp2-F4 and F4-C4. At
time-1 were the correlations negative, while atetith positive relation was found. These
findings support evidence of hemispheric variatidos STROOP task (Yves, 1990);
however, it is hard to explain the dissimilaritletween the two measures as they could have
been caused by many factors.

The NFB group showed evidence of neurofeedbacknilegrduring the training, as
indexed by increased ration of SMR/theta over timegonsistence with previous research
(Vernon, 2003). In contrast there were no instruisiém control the MED group except self-
contemplation of the allocated respondents. Alpoeslents in the MED group confirmed
some positive effects of the training, mainly th@rere mentioned improvements in sleep
guality and decrease in lassitude. This testimboywever, could be caused by other factors,
especially daily regimen in the rehabilitation g¢enand stress-free environment. On the
contrary to MED group, NFB patrticipants agreed tinaty were more tired during the days
and some of them affirmed eye-strain. No other es#veffects were reported. When we take
into account the demanding character of their imgirprogram, neurofeedback could be the
cause. The controls affirmed, in concordance witBDMgroup, that they were rather relaxed
in the centre. Still, these self-observed diffeemncould be caused by various rehabilitation
programmes in the centre or some other factors.

As to the participants, there were several problémshe study design. First is the
question of selection. According to Bless & Higsemith (2000) is haphazard sampling the
most rudimentary in social sciences. Our choicawalilability sampling was enforced due to
training intensity and the location of rehabilitaticentre. Subjects present daily in the centre
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was logical choice in order to prevent otherwiseyuikely drop-out. Thanks to this factor,
during all the study there was no drop-out and rafrtbe participants had intention to finish
before all the planned procedures. All the subjsased informed written consent, which
had previously been used as a recruiting leaftetfiening that they were suitable to undergo
the investigation. The leaflet gave them also sanfermation about the experimental
schedule and techniques used, bus was slightleatsig about the purpose. Questionable is
the sample representativeness. Due to factors ammatiabove, there were minimal criterions
to be met in order to be included in the study. dizduwere current health condition,
medication, substance abuse, personal health yiatat family health anamnesis. However,
some other characteristics that could interferdn study results were perceived secondary.
They are age, sex, education, left-handedness amokirsg/non-smoking. All these
characteristics could act as unknown variablestoAshe sex, the differences concerning the
brain differences are well known, as well as digsirties in some cognitive abilities (e.g.
Halpern, 2000). In several studies has also beprodstrated that smoking has some impact
on cognitive performance in specific tasks (Errtsale 2001), and the same effects could
have left-handedness and education. We tried tadatleese problems by using semi-
randomisation (based on sex and smoking) and makipgrimental groups as homogenous
as possible. However, as there were also many et@bles that couldn’t be controlled
(actual situation when tested, environmental faGtareather, sun eruptions), we decided to
disregard them.

Next problem of the sampling is significance tegtiRandom sampling is assumed for
inferential statistics. The participants were alli@td on preset conditions discussed above;
nevertheless, the groups fail to meet the condibbnndependence, as they were being
recruited together. For most tests is independémedbasic assumption for possible results
inference.

The most problematic part though, is the total neindd participants, which is very low.
Small sample bias is one of the major problemsssizg deal with, as there are simply
situations that demand conclusions based on smuatibers of participant, such as new
medicaments testing. Small samples postulate samiéations in the use of statistical
methods, especially substitution of parametricwast their non-parametric versions.

In our study we used non-parametric versions afepdasamples t-test (Wilcoxon Signed
Rank Test) and one-way ANOVA (Kruskal-Wallis ANOVA)ecause of the small sample
size and hence impossibility to estimate normatithstion. Although all the test assumptions
were usually met, there were some problems, edpeaiben estimating data symmetry for
WSRT. The premises were fulfilled quite roughlyitais hard to estimate symmetry on n = 5.
Another problem connected to sample size was elat@ossible ties in WSRT. Fortunately,
for the variables that showed significant changeveen the measures there were no ties,
except for Corsi Block-Tapping Test. Still, the uks are quite consistent and if it isn't
possible to make any conclusion, there is at lgassible to observe some trends which could
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help to aim further research. Even though thereewset conditions of significance size
numbers for the statistics conducted, in the cds&/8RT size number was the minimal
possible (n = 5). It should be therefore statedl tthenumber of subjects was not large enough
and even though they met postulates of statistigalificance, the risk of Type | error is
great.

As to the EEG analysis, the concept has some flaatsshould be mentioned. Firstly, we
correlate global coherence, which predicative deggerery low. Instead of global coherence,
spectral analysis obtained values would be muchensansible choice. Coherence for
individual bands would give greater answers. Segoneven better choice than EEG
coherence would be amplitude power, which is bettgrlored and has more extensive
theoretical basis. Thirdly, the concept itself isitg problematic. Even though founded on
empirical evidence, there is great chance thaetiehardly any relationship between EEG
global coherence during relaxation and cognitivégoemance. There are too many possible
intervening variables, starting with momentaneoestal activity during measures, which are
impossible to control. Logical choice to avoid tipioblem would be complex time series
model based on repeated measures. There is alsestian to what extent is 10/20 system for
19 electrodes representative when applying on hutognitive functions, as for it's limited
spatial features.

Person correlation is based on assumption of nagmahich wasn’'t met. This does not
automatically mean statistics invalidity, but ratts®me serious implications connected to
results interpretation. By any means, correlat®rnary weak statistics which does not carry
too many information. For our purposes, MANOVA ather MANCOVA methods would be
most desirable when computing the relationship betwdifferent EEG sites.

5. Summary

The aim of this diploma thesis was to investigatd aompare effects of meditation and
neurofeedback on human neurophysiology, cognitnceaitentional processes.

The theoretical part consists of tree chaptersstFohapter introduces the concept of
meditation in neuropsychology, overviews differetypes of meditation, denotes
methodological problems and presents health benafitl possible use in psychotherapeutic
process. Second part deals with physiological §ipecof meditation, meditation-induced
changes in cardiovascular and cortical system, emgloyment of imaging methods in
meditation research. Third part approaches neulbsesk from the standpoint of meditation
and attempts to document some basic similaritiésden the two techniques and their use in
psychology-related areas.

The aim of practical part is to investigate the gilmiity to use meditation and
neurofeedback for cognitive enhancement, as preljiogoroposed in several studies. EEG
analysis was conducted in order to identify physjaial patterns underlying possible effects
of the two techniques on cognition. There were tbsome significant changes in cognitive
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performance induced by neurofeedback and someedelBEG patterns were identified.
However, due to possible Type | error the resutisud be viewed with caution. Overall,
these preliminary findings may form backgroundgossible further research.
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Appendices

Appendix |

Broadmann areas

Lateral surface

Medial surface
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Brodmann areasfor human & non-human primates

1 - intermediate postcentral (area postcentralesnmedia)

2 - caudal postcentral (area postcentralis caydalis

3 - rostral postcentral (area postcentralis oralis)

4 - gigantopyramidal (area gigantopyramidalis)

5 - preparietal (area praeparietalis)

6 - agranular frontal (area frontalis agranularis)

7 - superior parietal (area parietalis superior)

8 - intermediate frontal (area frontalis intermédia

9 - granular frontal (area frontalis granularis)

10 - frontopolar (area frontopolaris).

11 - prefrontal (area praefrontalis)

12 - prefrontal (area praefrontalis)

17 - striate (area striata)

18 - parastriate (area parastriata)

19 - peristriate (area peristriata)

20- inferior temporal (area temporalis inferior)

21 - middle temporal (area temporalis media)

22 - superior temporal (area temporalis superior)

23 - ventral posterior cingulate (area cingulagstprior ventralis)
24 - ventral anterior cingulate (area cingularisedor ventralis)
25 - subgenual (area subgenualis)

26 - ectosplenial (area ectosplenialis)

28 - entorhinal (area entorhinalis)

29 - granular retrolimbic (area retrolimbica graanid)

30 - agranular retrolimbic (area retrolimbica agians)

31 - dorsal posterior cingulate (area cingularistpoor dorsalis)
32 - dorsal anterior cingulate (area cingulariaat dorsalis)
33 - pregenual (area praegenualis)

34 - dorsal entorhinal (area entorhinalis dorsalis)

35 - perirhinal (area perirhinalis)

36 - ectorhinal (area ectorhinalis)

37 - occipitotemporal (area occipitotemporalis)

38 - temporopolar (area temporopolaris)

39 - angular (area angularis)

40 - supramarginal (area supramarginalis)

41 - anterior transverse temporal (area temparalnsversa anterior)
42 - posterior transverse temporal (area temparalisversa posterior)
43 - subcentral (area subcentralis)

44 - opercular (area opercularis)

45 - triangular (area triangularis)

46 - middle frontal (area frontalis media)

47 - orbital (area orbitalis)

48 - retrosubicular (area retrosubicularis)

52 - parainsular (area parainsularis)

(13, 14, 15, 16, 27, 49, 50, 51 — only primates)

from http://en.wikipedia.or g/wiki/Brodmann_area &
http://spot.color ado.edu/~dubin/talks/br odmann/neur onames.html (retreived 13" of January 2009)
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Appendix 11

International 10-20
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Image V1. International 10-20 system, from http://neur ocog.psy.tufts.edu/images/10-20system.gif (13" of

January, 2009)
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