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Concentrative meditation enhances preattentive
processing: a mismatch negativity study
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The mismatch negativity (MMN) paradigm that is an indicator of
preattentive processing was used to study the effects of concen-
trative meditation. Sudarshan Kriya Yoga meditation is a yogic ex-
ercise practiced in an ordered sequence beginning with breathing
exercises and ending with concentrative (Sahaj Samadhi) medita-
tion. Auditory MMN waveforms were recorded at the beginning
and after each of these practices for meditators and equivalently
after relaxation sessions for the nonmeditators. Overall
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meditators were found to have larger MMN amplitudes than non-
meditators. The meditators also exhibited significantly increased
MMN amplitudes immediately after meditation suggesting transi-
ent state changes owing to meditation. The results indicate that
concentrative meditation practice enhances preattentive percep-
tual processes enabling better change detection in auditory sen-
sory memory. NeuroReport 00:000-000 © 2007 Lippincott
Williams & Wilkins.

Introduction

The processes involved in automatic detection of changes in
the environment are of great relevance to understanding
human perception. Such automatic and preattentive me-
chanisms of auditory change detection are represented by
the event-related potential (ERP) waveform called mismatch
negativity (MMN) [1]. MMN appears as negativity in the
difference waveforms that begins around 100ms from
stimulus onset and lasts until about 250 ms poststimulus.
The negative wave is observed as ERP topographies,
maximally over the frontocentral sites when a mismatching,
infrequent stimulus appears in a stream of frequent stimuli.
The underlying neural generators of the waveform lying in
and around the primary auditory cortex and the frontal
cortex are linked to change detection and involuntary
attentional switching mechanisms respectively that follow
the elicitation of MMN [2]. MMN can be elicited by a variety
of changes in the stimulus-driven factors (tonal frequency,
intensity, frequency, interstimulus interval) or the analysis of
semantic information and has been found to be relatively
independent of the effects of attention [1].

The changes in preattentive processing with different
levels of arousal or consciousness such as sleep, anesthesia,
coma, vegetative state and hypnosis have been studied
using MMN [3-5]. Most sleep studies have failed to show
MMN changes during sleep but MMN changes have been
observed to some extent in rapid eye movement sleep, coma
and vegetative state [3]. Interestingly, significant change in
MMN amplitude was shown with hypnosis [4,5]. These
studies point to the possibility of differences in change
detection ability due to other manipulations that affect
consciousness like meditation.

Despite the increasing number of studies on meditation
including ERP studies, the effects of meditation on
preattentive processing as indexed by MMN have not been
studied. Given the observed changes in MMN owing to
changes in consciousness, the research on meditation will
inform us about the mechanisms that get altered due to
mental training. It is important to distinguish between state
and trait changes due to the practice of meditation. Trait
changes refer to changes in brain activity or behavior due to
long-term practice of meditation that can be observed even
when the person is not meditating. State changes refer to
immediate, transient changes during or immediately after a
meditation session. In this study, we investigated the state
as well as trait effects on MMN due to concentrative
meditation. For the purpose of studying the effects of
concentrative meditation on MMN, Sudarshan Kriya Yoga
was chosen. Sudarshan Kriya is a unique breathing
technique that involves specific rhythms of breath that has
immediate and tangible effects in alleviation of stress,
anxiety and depressive symptoms [6]. Normally, this
practice of controlled breathing is associated with Mudra
pranayam and Sahaj Samadhi meditation that are typically
performed in a particular order. These forms of yogic
meditation focus on specific body rhythms and a mantra
that brings the mind to a peaceful centered state. Mudra
pranayam involves formation of mudras (finger positions)
and concentration on breath. Sudarshan Kriya on the other
hand comprises of cycles of breathing that repeats itself.
Sahaj Samadhi is a concentrative form of meditation where
attention is focused on breath and mantra.

With different types of meditation, a number of studies
have observed changes in brain activity owing to long-term
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practice [7-10]. These changes include changes in 0 power
or o power especially in the frontal areas [7,8]. For example,
the deep meditative ecstatic state has been found to be
correlated with increased frontal 6 coherence [7]. Differences
in contingent negative variation have been shown with the
practice of transcendental meditation [9]. Like other types of
yoga and meditation, studies with sudarshan kriya medi-
tators have shown increased frontocentral coherence in the 8
band and posterior coherence in the o band during the
practice of sudarshan kriya for meditators suggesting
increased connectivity and efficient information processing
in the brain. Sudarshan kriya has also been used as
intervention for persons with dysthymia resulting in
increase of P300 amplitude among patients to match those
from the control group [11].

In addition to changes in electroencephalogram (EEG),
extensive practice of meditation leads to certain long-lasting
perceptual changes [12]. For example, Tibetan Buddhist
meditators were found to show large increases in duration
of perceptual dominance compared with nonmeditators
after one-point meditation compared with compassion
meditation and controls [12]. Although these findings
strongly suggest that perceptual processing is affected, it
is not clear at what stage (attentive or preattentive) these
changes are bound to occur. In this study, we explored the
neurocognitive changes in preattentive processing owing to
the practice of meditation. When the MMN task was given
after every subpractice, we were especially interested in
comparing (i) any earlier difference in change detection
ability and (ii) transient cognitive changes owing to the final
meditation portion. We were also interested in whether
concentrative meditation primarily affects response to
standards or deviants in the MMN paradigm. Given the
fact that MMN effects are most prominent at the frontal sites
that exhibit differential activity during meditation [13], it is
a well-suited task to study changes owing to yoga and
meditation. The MMN paradigm does not require the
participant to perform a task making it ideal to study
changes in cognitive processing immediately after medita-
tion.

Materials and methods

The study was carried out with 10 meditators (mean age=39
years, SD=5) and 10 nonmeditator controls (mean age=36
years, SD=6). All the voluntary participants were right-
handed, had no history of neurological illness and were
blind to the experimental hypotheses. The meditators
consisted of teachers at the Art of Living Foundation with
rigorous mental training in Sudarshan Kriya Yoga and have
been practicing it daily for a period ranging from 3 to 7
years. The participants in the control group had no yoga or
meditation training. A verbal and written consent was
obtained from the participants before the study. EEG data
were recorded and analyzed with 64-channel Neuroscan
system with a sampling frequency of 1000 Hz. The electro-
des were fixed using a gel (silver chloride compound) and
setup at appropriate impedance (2-15kQ) before beginning
the recording. For the purpose of analysis the raw EEG/ERP
data were filtered with zero-phase shift, band pass filtering
from 1 to 30Hz at 12dB/oct. EEG segments with eye
movement and muscular artifacts were manually removed
from the data.

The experiment was carried out in a soundproof, dimly lit
room, conditions that were conducive for the participants to
meditate. Normally, Sudharshan Kriya Yoga is practiced in a
specific chronological order of events beginning with Mudra
pranayam (5-7min) followed by Sudarshan Kriya (10-
12min) and lastly by Sahaj Samadhi meditation (6-8 min).
The meditators followed the same order during the
recording. Correspondingly, nonmeditators were asked to
relax for durations that approximately matched with those
of meditators.

During the recording session, the MMN tones were
played binaurally through a pair of speakers. The auditory
pure tones comprised of frequent ‘standard’ tones (500 Hz,
70 dB) that were presented 80% of the times and infrequent
‘deviant’ tones (540 Hz, 70 dB) presented 20% of the times
out of 300 trials. The duration of the tone presentations were
100 ms with an intertone interval of 400 ms. The MMN was
recorded at the beginning (MMNPre) and after each of the
three stages of yoga meditation, that is, Mudra pranayam
(MMN1), Sudarshan Kriya (MMN2) and Sahaj Samadhi
Meditation (MMN3) within a few seconds after completion
of a particular stage. The participants were instructed to
send an auditory signal to indicate to the experimenter
when they had finished each stage of kriya yoga. The
experimenter would then come in and play the MMN tones.
A similar procedure was carried out for the control group
where MMN was recorded before (MMNPre) and after each
session of relaxation (MMN1, MMN2 and MMN3) during
which they performed a secondary task of reading a book
provided to them by the experimenter. The meditators were
not asked to perform any secondary task, as it would
disrupt the yoga and meditation practice.

Results

Analysis was performed with artifact-free EEG data with an
epoch length of 1s (500ms prestimulus and 500ms
poststimulus) for both the standard and the deviant tones.
The noisy sweeps from the epoched file were rejected and
the epochs were averaged to obtain ERP components for
every participant. A difference waveform or MMN obtained
by subtracting ERP of standard stimulus from the ERP of
deviant stimulus was used to compute peak amplitudes.
The grand peak amplitudes of the two groups were
compared across the four times when MMN was recorded
that is, MMNPre, MMN1, MMN2 and MMN3.

Figure 1 presents averaged amplitudes of MMN wave-
forms for all the four conditions for the meditators and
nonmeditators at the Fz electrode location. As can be seen in
Fig. 1, the MMN amplitudes remained constant for the
nonmeditators across all the conditions. For the meditators,
the MMN amplitudes remained approximately the same for
MMNPre, MMN1, and MMN2 but increased for MMN3.
The data were analyzed using two-way mixed analysis of
variance of the MMN amplitudes [group (2) x conditions
(4)]. The two groups were found to be significantly different
from each other as shown by a main effect for group
[F(1,18)=4.862, P<0.05] with meditators having higher
overall MMN amplitude than nonmeditators. The interac-
tion was not significant given the fact that the two graphs
show similar patterns of change for MMNPre to MMN2 and
the divergence within meditators occur only for MMN3.

Given our specific interest in the state-related changes
owing to meditation, we performed planned comparisons to
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Fig. | Grand averaged mismatch negativity peak amplitudes for medita-
tor and nonmeditators.
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Fig. 2 Grand averaged mismatch negativity waveform of meditators

and nonmeditators for the sahaj samadhi meditation (MMN3) condition
at frontocentral sites.

see whether concentrative meditation affects MMN ampli-
tudes. For the meditators, the amplitudes for MMN3 were
found to be significantly higher compared with MMN2
indicating that the MMN amplitude increased immediately
after meditation [F(1,54)=3.598, P <0.05]. No difference was
observed between MMNPre and MMN2 amplitudes in-
dicating that the MMN was not affected by breathing
practice. For the controls, the MMN amplitudes did not
significantly change for all the conditions. Comparing the
controls and meditators, the MMNPre amplitudes were not
significant but close [F(1,54)=2.751, P=0.057]. The MMN3
amplitudes, however, were significantly higher for medita-
tors compared with the nonmeditators as in Fig. 2
[F(1,54)=5.256, P <0.01].

To analyze specific change in standard and deviant tone
ERPs, a three-way mixed analysis of variance [group
(2) x conditions (4) x tone (2)] was performed with peak
amplitudes of the negative peak in the 100250 ms range.
The results (see Table 1) showed the MMN effect with an
overall larger amplitudes for infrequent tones compared

Tablel Peak amplitudes (in j1iV) of negative peak (with SEM in brackets) in
frequent and infrequent ERPs for meditators and nonmeditators

Frequent

—167 (033)
~1.20(0.22)

Infrequent

Meditators
Nonmedita-
tors

—408 (0.62)
~2.33(042)

ERP, event-related potential.

with frequent tones [F(1,18)=51.778, P <0.001]. The frequent
and infrequent ERPs changed differently for both the
groups [F(1,18)=6.671, P <0.05]. The post hoc tests revealed
that although there was no difference in the frequent tone
ERPs between the two groups, the infrequent tone ERPs
showed much higher amplitudes for meditators
[F(1,18)=6.891, P <0.01] compared with controls.

Discussion

Although other studies have used ERP paradigms, our
study is probably the first to use the MMN paradigm to
investigate changes in preattentive processing, specifically
automatic change detection, owing to the practice of
meditation. The results show that the meditators have
larger MMN amplitude than nonmeditators, particularly
those for the deviant tones. The MMN amplitudes did not
change immediately after the breathing exercises or kriyas
(MMN1 and MMN2) for the meditators. The meditators,
however, showed increased amplitudes specifically after
Sahaj Samadhi meditation (MMN3) indicating state changes
due to the practice of meditation. It is worthwhile to note
that the larger MMN amplitudes present for meditators
were obtained under conditions that may result in the
reduction of MMN that is, without a secondary task. The
pattern with MMN amplitudes before yoga and meditation
in the beginning of the experiment suggests that preatten-
tive processing gets altered indicating a possible trait
change due to the practice of meditation. Further studies,
especially with a larger number of meditators, may show
significant and long-lasting changes in processing abilities.
The findings extend strong support for the claim that the
practice of meditation induces distinct ‘state’ [14] as well as
‘trait’ [4,5,15,16] changes.

It is to be noted that the present result provides unique
evidence suggesting that the MMN generators in frontal
midline or temporal areas get affected during meditational
trance showing altered preattentive level of processing
immediately after performing meditation. Furthermore,
the study is consistent with the proposals linking the frontal
lobe and modification of attentional mechanisms owing to
meditation [17,18]. The larger amplitude at the frontal
electrode can be interpreted as better ability of the
meditators to make involuntary shifts of attention or
alternatively, enhancing the mechanisms of deviance detec-
tion processes. The results are consistent with other studies
on meditation that show a significant difference in cognitive
processing [14] including decreases in P1, N1, P2, N2
amplitudes of auditory brain potentials during transcen-
dental meditation.

How can concentrative meditation enhance preattentive
perceptual processing? Meditators learn to focus their
attention on a specific object during concentrative medita-
tion and extensive practice leads to better control of
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attention. It has been shown that attention plays a critical
role in enabling the formation of better sensory representa-
tions that improve preattentive detection of deviant tones as
indicated by MMN [19]. It has been hypothesized that
MMN amplitude can be changed by training by possibly
increasing temporal coherence or response synchronization
of cortical neural activity [19]. Meditative practice has been
found to enhance long-range synchronization of brain
activity with meditators [20]. Another possibility is through
the arousal burst mechanism in adaptive resonance net-
works [21]. Adaptive resonance networks consist of an
attentional subsystem and an orienting subsystem. A
mismatch generated by the deviant tone may lead to the
activation of an arousal burst by the orienting subsystem,
related to MMN and change detection. The practice of
concentrative meditation may result in a self-organization of
brain processes with increased efficiency in the arousal
burst mechanism, leading to enhanced MMN amplitudes
and change detection. The MMN results are also in
agreement with studies on hypnosis demonstrating in-
creased frontal MMN amplitudes during hypnosis [4,5]. It is
to be noted that the significant change in MMN amplitude is
present when the meditators are actually not meditating but
immediately after finishing their meditation.

Although a number of studies have observed changes in
attentional processing in the brain [20], this study particu-
larly shows changes in sensory perception that typically
occurs before the shifting of attention. The results show that
the detection of violations of regularities in sensory stimuli
as indexed by MMN can be improved with mental training
indicating the plasticity of preattentive automatic proces-
sing. Given the MMN reductions demonstrated in certain
clinical conditions, such as schizophrenia [22], depression
[23], and social withdrawal [24], meditation may be useful
as a noninvasive therapeutic measure to improve the
cognitive abilities of those patients by enhancing their
perceptual processing.

The results also suggest that MMN could be a suitable
paradigm to compare the cognitive changes owing to
different types of meditation. This study focuses on a
specific type of concentrative meditation and it would be
interesting to see whether the findings from this study will
extend to other forms of concentrative meditation (e.g.
Buddhist Samatha meditation). In addition, the effects of
mindfulness meditation (which uses more distributed
attention) on MMN can be explored in a further study.

Conclusion
The meditative state of consciousness leads to restructuring
of the perception that induces definitive state changes and
possibly trait changes in frontal lobe function. Meditation
thus results in enhanced perceptual and preattentive
processing.
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