
Citation: Deepeshwar S, Telles S. Auditory Information Processing During Meditation Based on Evoked Potential Studies. J Neurol Psychol. 2013;1(2): 7.

J Neurol Psychol
December 2013 Vol.:1, Issue:2 
© All rights are reserved by Telles et al.

Auditory Information Processing 
During Meditation Based on 
Evoked Potential Studies

Abstract
Background: Auditory evoked potentials (AEPs) were recorded 

to examine the neurophysiological correlates of four mental states 
described in ancient yoga texts. These are (i) focused attention 
(dharana), (ii) contemplation (dhyana) (iii) random thinking 
(cancalata) and (iv) non meditative focused thinking (ekagrata). 
The auditory evoked potentials allowed changes from the periphery 
(cochlear nucleus) to the center (auditory association cortex) were 
measured. 

Method: There were sixty male participants with ages ranging 
from 18 to 45 years (group mean age ± SD, 27.0 ± 8.3 years) who were 
assessed in four sessions. These four sessions were i) random thinking 
(cancalata), ii) non meditative focusing (ekagrata), (iii) meditative 
focusing (dharana), and (iv) contemplation (dhyana). The order of the 
sessions was randomly assigned. 

The data were analysed with repeated measure ANOVA followed 
by a post hoc analysis.

Results: The BAEPs results showed that the wave V peak latency 
significantly increased in random thinking (p<0.05), non-meditative 
focused thinking (p<0.01) and meditative focused thinking (p<0.05) 
sessions which suggest that during meditation there was no change 
in processing time of information at the inferior colliculus. MLAEPs 
results showed that there were significantly increased latencies of the 
Na and Pa waves during meditation (p<0.05) which suggest reduced 
auditory information transmission at the medial geniculate and primary 
auditory cortices. The LLAEPs result showed that there was a significant 
decrease in the amplitude of P1, P2 and N2 waves during random 
thinking (p<0.01; p<0.001; p<0.01, respectively) and non-meditative 
focused thinking (p<0.01; p<0.01; p<0.05, respectively) sessions and 
a decrease in the latency of P2 wave during and after meditation 
(p<0.001) session which suggest facilitated auditory transmission at 
the auditory association cortex. The changes in P300 event related 
potentials suggested that meditation improved the interaction 
between the frontal lobe; hippocampus and temporal-parietal parts 
of the brain during the P300 auditory oddball task. Hence, through 
brainstem, midlatency, long latency and event related potentials 
changes in the auditory sensory pathway were assessed in different 
mental states.

Conclusion: Meditation showed no changes in auditory 
information transmission at the collicular level, but decreases it at the 
geniculate, primary and association auditory cortices. 

Background
Meditation has been described as a mental training through which 

practitioners try to develop and increase flexibility and awareness of 
their mental processes, culminating in mental stability [1]. Practice 
of meditation over a period of time produces definite changes in 
perception, attention, and cognition [2]. Meditation is recognized as 
a specific consciousness state in which deep relaxation and increased 
internalized attention exist at the same time [3]. 

The concepts of meditation described in ancient yoga texts are 
associated with heightened attention or even of being aware of the 
experience as it happens. In Patanjali’s Yoga Sutras (circa 900 B.C.) 
two meditative states are described [4]. The first is focusing with 

effort (or dharana) to confine the mind within a limited mental 
area (Patanjali’s Yoga Sutras, Chapter 3, Verse 1). The next stage is 
effortless expansion or dhyana (Patanjali’s Yoga Sutras, Chapter 3, 
Verse 2), which is the uninterrupted flow of the mind towards the 
object chosen for meditation. The practice of dharana is supposed to 
precede the practice of dhyana. When the mind is not in meditation, 
another ancient yoga text says that it may be in two other states, 
cancalata which is a state of random thinking (Bhagavad Gita, circa 
500 B.C. Chapter 6, Verse 34) and ekagrata (Bhagavad Gita, Chapter 
6, Verse 12), or focused attention without meditation, during which 
the attention is directed to a number of associated thoughts.

These four mental states have been studied to evaluate auditory 
information processing from the cochlear nerve at the periphery to 
the association cortices located centrally. Auditory evoked potentials 
were chosen to begin with, instead of other modalities of evoked 
potentials to avoid compounding with any other sensory or motor 
potentials. The auditory modality of stimuli was particularly chosen 
as it was found to be least disturbing to the meditator during their 
practice [5]. It is the premise that conscious processes actively involve 
several cortical mechanisms and also that corticofugal control 
processes may exert significant alterations in the processing of 
information at brainstem, thalamic and cortical levels [6-9]. Evoked 
potentials which form the basis of this report include brainstem (0-10 
ms), mid latency (10-100 ms), long latency auditory evoked potentials 
(100-250 ms) and the P300 event-related evoked potentials recorded 
with the auditory oddball paradigm (280-450 ms). For each auditory 
evoked potential component the peak latency and peak amplitude 
has been assessed. The peak latency (msec) is defined as the time 
from stimulus onset to the point of maximum positive or negative 
amplitude within a specified latency window. The peak amplitude 
(µV) is defined as the voltage difference between a pre-stimulus 
baseline and the largest positive and negative going peak within a 
latency window. A decrease in peak latency is considered as suggestive 
of facilitated transmission due to increased speed of conduction in 
the underlying neural generators [10]. Conversely, an increase in 
peak latency can be assumed to suggest inhibited transmission due 
to slower conduction in the underlying neural generators. With 
respect to changes in peak amplitude, an increase in the amplitude 
of an evoked potential component has been interpreted as being 
indicative of effective activation of the underlying neural generator, 
with recruitment of additional neurons [11].
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A series of experiments on auditory evoked potentials were 
carried out between June 2007 and December 2012 to understand 
the neurophysiological effects of two meditative states (dharana and 
dhyana) and two non-meditative states (cancalata and ekagrata). 

Method 
Sixty healthy male volunteers whose ages ranged between 20 

and 45 years (group mean age ± SD, 27.0 ± 8.3 years) were recruited 
for recording of BAEPs, MLAEPs, LLAEPs and P300 ERPs. All of 
them were residing at a yoga center in South India and were actively 
engaged in practicing yoga. Their health status was based on a routine 
case history and clinical examination. All the participants had a 
minimum of 6 months experience of meditation (group average 
experience ± SD, 22.5 ± 17.5 months) on the Sanskrit syllable, OM. 
This meditation technique can be separately practiced as dharana 
(focusing on thoughts of OM) and dhyana (effortless focusing 
on OM). Participants were trained to practice the two techniques 
(dharana and dhyana) separately and at will. To attempt to ensure 
that all of them were doing it correctly, they were given a 3-month 
orientation course, during which time they were supervised by an 
experienced meditation teacher.

All participants were assessed in four sessions on four separate 
days, at the same time of the day. The four sessions were (i) meditation 
with focusing (dharana), (ii) meditation without focusing (dhyana), 
(iii) nonmeditative focused thinking (ekagrata), and (iv) random 
thinking (cancalata). The evaluation of the participants’ ability to 
attain these four mental states was based on their self-report on a scale 
of 0 to 10, as well as on consultations with the meditation teacher. 

Assessments

The assessments included (i) brainstem auditory evoked 
potentials, (ii) mid latency auditory evoked potentials (iii) long 
latency auditory evoked potentials and (iv) P300 auditory event 
related potentials with the auditory oddball paradigm. Each of these 
assessments and the results obtained will be discussed below in detail.

Statistical analysis

Statistical analysis was done using SPSS (Version 16.0). Data 
were tested for normality by Kolmogorov-Smirnov test. Since the 
same individuals were assessed in repeated sessions on separate days 
(i.e., random thinking, non-meditative focused thinking, meditative 
focusing and meditation), repeated measures analysis of variance was 
used (ANOVA). Repeated measures analyses of variance (ANOVA) 
were performed with two ‘within subjects’ factors, i.e., Factor 1: 
Sessions; Random thinking, Non-meditative focused thinking, 
Meditative focusing and Meditation, and Factor 2: States; Before, 
During (Dur1 to Dur4), and After. Repeated measures ANOVAs were 
carried out for each component of BAEPs, MLAEPs, LLAEPs and 
P300 ERPs separately, for both peak latencies and peak amplitudes. 
This was followed by a post-hoc analysis with Bonferroni adjustment 
for multiple comparisons between the mean values of different 
states (“During” and “After”). All comparisons were made with the 
respective “Before” state.

Results
The group mean values ± S.D. for the peak latencies (ms) and 

peak amplitudes (µV) for each component of BAEPs, MLAEPs and 
LLAEPs in four sessions (random thinking, non-meditative focused 
thinking, meditative focusing and meditation) in Before, During and 
After states are given in Table 4, Table 5 and Table 6, respectively.

Discussions
The results of the BAEPs, MLAEPs, LLAEPs and P300 ERPs are 

discussed below.

Brain stem auditory evoked potentials (BAEPs)

Brainstem auditory evoked potentials (BAEPs) provide an 
objective physiological index of auditory function at a subcortical 
level [12]. They reflect neuronal activity in the cochlear nerve, 
cochlear nucleus, superior olive and inferior colliculus of the 
brainstem. BAEPs (0 – 10 ms) were recorded using standard methods 
[13]. The peak latency and peak amplitude of BAEP components were 
measured. The neural generators of these components are given in 
Table 1. A typical trace is shown in Figure 1.

The BAEP recordings showed that the peak latency of a specific 
component, wave V (5.8 – 6.0 ms), increased significantly during 
dharana, ekagrata, and cancalata sessions, but there was no change 
during the practice of dhyana [13]. Since wave V is considered to 
correspond to the inferior colliculus located in the tectum (midbrain) 
[10,12], this suggested that neural transmission at the level of mid-
brain may be improved by meditation without focusing. The results 
also suggested that dhyana practice alone does not delay auditory 
sensory transmission at the brainstem level, whereas dharana 
practice is associated with a delay which was also seen in the practices 
of ekagrata and cancalata. The traces of BAEPs before and after 
meditation are given in Figure 1a and 1b respectively.

Midlatency auditory evoked potentials (MLAEPs)

Midlatency auditory evoked potentials (MLAEPs) have been 
used to assess subcortical and cortical changes in meditation [14]. It 
is believed that even if the main changes occur in the cortex, cortico-
efferent connections would result in sub-cortical changes [11]. The 
mid latency auditory evoked potentials reflect neural activity at the 
mesencephalic or diencephalic level [15], the superior temporal 
gyrus [16], and the dorso-posterior-medial part of the Heschl’s 
gyrus, i.e., the primary auditory cortex [17]. The peak latency and 
peak amplitude of MLAEPs were measured with three components 

BAEP 
components

Latency
(ms) Neural Generators

Wave I 1.9 Auditory portion of the eighth cranial nerve

Wave II 3.6
Near or at the cochlear nucleus. A portion - from 
the eighth nerve fibers around the cochlear 
nucleus

Wave III 4.2 The lower pons through the superior olive and 
trapezoid body

Wave IV 5.2 The upper pons or lower midbrain, in the 
lateral lemniscus and the inferior colliculus; A 
contralateral brainstem generator for wave V is 
suggested

Wave V 5.8

Table 1: The latencies and the neural generators for the five components of 
BAEP.

MLAEP 
components Latency (ms) Neural Generators

Na wave 14-19 Medial geniculate body

Pa wave 25-32 Superior temporal gyrus

Nb wave 35-65 Dorso-posterior-medial part of the Heschl’s 
gyrus i.e., the primary auditory cortex

Table 2: The latencies and the neural generators for the three components of 
MLAEPs.
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which correspond to the different neural generators given in Table 
2. A typical trace is shown in Figure 2. MLAEPs (10 – 100 ms) were 
recorded using standard methods [18].

The MLAEPs show the prolonged peak latencies of two 
components (the Na wave and the Pa wave) during meditation. 

The Pa wave amplitude decreased during all four states. Prolonged 
latencies of the Na and Pa wave suggest delayed auditory information 
transmission at mesencephalic – diencephalic levels and at the level of 
the primary auditory cortex (i.e., the neural generators corresponding 
to the Na and Pa waves) [18,19]. The traces of MLAEPs before and 
after meditation are given in Figure 2a and 2b respectively.

Long latency auditory evoked potentials (LLAEPs)

Long latency auditory evoked potentials (LLAEP) assess auditory 
information processing at the central level. LLAEPs measures 
are thought to reflect the activation of primary auditory cortex 
and association cortices [20,21]. In long latency auditory evoked 
potentials, currently the neural generators is believed to be due to 
activity at the secondary auditory cortex in the lateral Heschl’s gyrus 
[17], bilateral parts of the auditory cortex (superior temporal gyrus) 
[22], and auditory association complex [20] which responds to input 

LLAEPs 
components

Latency 
(ms) Neural Generators

P1 wave 40-60 ms Secondary auditory cortex in the lateral Heschl’s 
gyrus

N1 wave 75-150 ms Bilateral Parts of the Auditory Superior Cortex

P2 wave 150-250 ms Planum Temporale (PT) and the Auditory 
Association Complex (AAC)

N2 wave 250-280 ms Left superior temporal gyrus and bilateral medial 
temporal lobe structure

Table 3: The latencies and the neural generators for the four components of 
LLAEPs.

Brainstem auditory evoked potentials (BAEPs) in four sessions

Components Session
Latency Amplitude

Pre During Post P=(During vs Pre);
(Post vs  Pre) Pre During Post P=(During vs Pre);

(Post vs  Pre)

Wave V

Random Thinking 
(n= 60) 5.8 ± 0.2 5.8 ± 0.5 5.8 ± 0.2 During vs Pre= 0.042 0.7 ± 0.2 0.7 ± 0.4 0.8 ± 0.3 NS

Non meditative 
focused thinking (n= 
60)

5.8 ± 0.2 5.8 ± 0.4 5.8 ± 0.6 During vs Pre= 0.009;
Post vs Pre= 0.001 0.8 ± 0.2 0.7 ± 0.1 0.7 ± 0.2 NS

Meditative Focused 
thinking (n= 60) 5.7 ± 0.2 5.9 ± 0.2 5.8 ± 0.2 Post vs Pre= 0.018 0.7 ± 0.2 0.8 ± 0.2 0.8 ± 0.4 NS

Meditation (n= 60) 5.8 ± 0.2 5.8 ± 0.2 5.8 ± 0.8 NS 0.8 ± 0.2 0.7 ± 0.2 0.8 ± 0.2 NS

Table 4: BAEPs showing peak latency and peak amplitude for four Sessions in six States for wave V.

NS: Non Significant

Midlatency auditory evoked potentials (MLAEPs) in four sessions

Components Session

Latency Amplitude

Pre During Post
P=(During vs 
Pre); (Post vs  
Pre)

Pre During Post P=(During vs Pre);
(Post vs  Pre)

Na Wave

Random Thinking 
(n= 60) 16.0 ± 1.6 16.5 ± 2.0 16.1 ± 1.8 NS 0.6 ± 0.5 0.5 ± 0.4 0.5±0.4 NS

Non meditative focused 
thinking (n= 60) 16.2 ± 1.8 16.3 ± 1.9 16.3 ± 2.1 NS 0.6 ± 0.5 0.5 ± 0.4 0.4±0.4 NS

Meditative Focused 
thinking (n= 60) 16.0 ± 1.6 16.4 ± 1.7 16.0 ± 1.6 NS 0.5 ± 0.5 0.5 ± 0.4 0.6±0.6 NS

Meditation 
(n= 60) 16.0 ± 1.6 16.5 ± 1.7 16.1 ± 1.9 During vs Pre= 

0.032 0.5 ± 0.4 0.5 ± 0.4 0.6±0.6 NS

Pa Wave

Random Thinking 
(n= 60) 34.8 ± 2.8 34.6 ± 2.8 35.2 ± 2.7 NS 1.3±0.5 0.9 ± 0.4 1.3±0.6 During vs Pre= 0.001

Non meditative focused 
thinking (n= 60) 35.0 ± 2.5 35.4 ± 1.7 35.5 ± 2.4 NS 1.2±0.6 0.9±0.4 1.4±0.6 During vs Pre= 0.001

Meditative Focused  
thinking (n= 60) 34.9 ± 2.6 35.7 ± 2.4 35.2 ± 3.2 NS 1.3±0.5 1.1±0.5 1.3±0.5 During vs Pre= 0.004

Meditation (n= 60) 16.0 ± 1.6 16.5 ± 1.7 16.1 ± 1.9 During vs Pre= 
0.011 1.3±0.6 1.1±0.6 1.3±0.6 During vs Pre= 0.041

Nb Wave

Random Thinking 
(n= 60) 52.7 ± 9.0 53.0 ± 8.3 54.8 ± 9.0 0.4±0.3 0.3±0.3 0.5±0.4 NS

Non meditative focused 
thinking (n= 60) 53.8 ± 9.1 55.9 ± 8.3 56.9 ± 9.0 Post vs  Pre = 

0.018 0.4±0.4 0.4±0.3 0.5±0.4 NS

Meditative Focused 
thinking (n= 60) 53.4 ± 9.0 55.1 ± 8.3 54.7 ± 8.8 NS 0.5±0.4 0.4±0.4 0.5±0.4 NS

Meditation (n= 60) 53.3 ± 8.7 55.4 ± 7.9 54.9 ± 8.5 NS 0.4±0.4 0.5±0.4 0.5±0.4 NS

Table 5: MLAEPs showing peak latency and peak amplitude for four Sessions in six States for Na wave, Pa wave and Nb wave.

NS: Non Significant
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Table 6: LLAEPs showing peak latency and peak amplitude for four Sessions in six States for P1 wave,   N1 wave, P2 wave and N2 wave.
Long latency auditory evoked potentials (LLAEPs) in four sessions

Components Session

Latency Amplitude

Pre During Post
P=(During vs 
Pre); 
(Post vs  Pre)

Pre During Post P=(During vs Pre); 
(Post vs  Pre)

P1 Wave

Random Thinking
(n= 60) 46.5 ± 7.9 47.0 ± 0.8 48.5 ± 8.3 NS 1.2 ± 1.0 0.6 ± 0.5 1.0 ± 0.7 During vs Pre 

0.002
Non meditative focused 
thinking (n= 60) 47.3 ± 8.3 46.6 ± 0.8 48.4 ± 8.1 NS 1.0 ± 0.8 0.8 ± 0.6 1.0 ± 0.7 During vs Pre 

0.001
Meditative Focused 
thinking (n= 60) 48.1 ± 9.7 47.8 ± 0.1 50.4 ± 9.0 NS 1.2 ± 1.0 1.0 ± 0.9 1.1 ± 0.8 NS

Meditation (n= 60) 48.7 ± 9.5 46.7 ± 0.4 47.8 ± 7.9 NS 1.0 ± 0.7 0.9 ± 0.6 1.0 ± 0.6 NS

N1 Wave

Random Thinking 
(n= 60) 98.7 ± 14.6 97.6 ± 2.3 100.5 ± 15.8 NS 0.6 ± 0.5 0.4 ± 0.4 0.5 ± 0.4 NS

Non meditative focused 
thinking (n= 60) 97.5 ± 15.2 100.3 ± 2.0 103.3 ± 15.1 NS 0.4 ± 0.3 0.4 ± 0.3 0.4 ± 0.4 NS

Meditative Focused 
thinking (n= 60) 98.2 ± 15.1 99.1 ± 1.7 101.1 ± 15.1 NS 0.4 ± 0.4 0.4 ± 0.5 0.5 ± 0.5 NS

Meditation (n= 60) 98.8 ± 14.2 99.3 ± 1.0 100.8 ± 15.7 NS 0.3 ± 0.4 0.7 ± 1.8 0.4 ± 0.4 NS

P2 Wave

Random Thinking 
(n= 60) 154.9 ± 13.5 154.9 ± 2.4 155.0 ± 12.4 NS 0.9 ± 0.8 0.5 ± 0.5 0.8 ± 0.6 During vs Pre= 

0.001
Non meditative focused 
thinking (n= 60) 155.7 ± 10.4 155.5 ± 1.1 156.6 ± 11.5 NS 0.8 ± 0.5 0.6 ± 0.6 0.9 ± 0.5 During vs Pre= 

0.006
Meditative Focused 
thinking (n= 60) 157.7 ± 14.2 154.5 ± 2.8 153.9 ± 11.5 NS 0.9 ± 0.6 0.7 ± 0.5 0.9 ± 0.6 NS

Meditation 
(n= 60) 158.2 ± 9.2 153.3 ± 1.3 151.8 ± 9.1 Post vs pre= 

0.005 0.8 ± 0.6 0.7 ± 0.6 0.8 ± 0.5 NS

N2 Wave

Random Thinking
(n= 60) 221.6 ± 3.1 222.1 ± 0.3 222.6 ± 3.7 NS 0.4 ± 0.4 0.3 ± 0.3 0.4 ± 0.4 During vs Pre= 

0.007
Non meditative focused 
thinking 
(n= 60)

222.3 ± 3.7 222.4 ± 0.5 222.3 ± 3.5 NS 0.4 ± 0.3 0.3 ± 0.2 0.3 ± 0.3 During vs Pre= 
0.049

Meditative Focused 
thinking (n= 60) 223.21±6.0 221.92 ± 0.7 222.0 ± 3.4 NS 0.4 ± 0.5 0.3 ± 0.3 0.4 ± 0.3 NS

Meditation (n= 60) 223.1 ± 5.6 223.1 ± 0.6 223.0 ± 5.6 NS 0.4 ± 0.3 0.4 ± 0.5 0.3 ± 0.2 NS

NS: Non Significant

from all sensory modalities [22] and left superior temporal gyrus and 
bilateral medial temporal lobe structure [23]. The peak latency and 
peak amplitude of LLAEP components (100 – 300 ms) were measured 
[24,25]. The neural generators of these components are given in Table 
3. A typical trace is shown in Figure 3.

There were decreased peaks amplitudes of the P1 and P2 waves 
after random thinking and non-meditative focusing and the N2 wave 
after non-meditative focusing suggesting that the neural activity 
was reduced at the level of secondary auditory cortex, auditory 
association complex and anterior cingulate cortex, respectively [26]. 
The reason for decrease in P1, P2 and N2 amplitudes may be due 
to selective inhibition of certain areas within the primary, auditory 
association complex and secondary auditory cortex suppressing 
sensory responses to reduce distracting auditory stimuli, which could 
prevent the participants directing their attention on instructions [27] 
during random thinking and non-meditative focusing. The traces of 
MLAEPs before and after meditation are given in Figure 3a and 3b 
respectively.

P300 auditory oddball paradigm 
The P300 component of event-related potentials (ERPs) is 

considered a cognitive neuro-electric phenomenon because it 
is generated in psychological tasks when subjects attend to and 
discriminate between stimuli that differ from one another in some 
dimension [28]. It is also called the “oddball” paradigm since subjects 

are required to distinguish between frequent and rare stimuli 
presented as a random series; responding to the rare (target) stimulus 
and ignoring the frequent stimuli. The generation of a P300 positive 
deflection is believed occur from the interaction between the frontal 
lobe and hippocampal and temporoparietal function [29]. The 
primary neural generator for the P300 components are in the anterior 
cingulate and hippocampal formation [30]. 

There was a significant reduction of the P300 peak amplitude after 
random thinking session (cancalata) whereas the peak amplitude 
significantly increased after focused meditation (dharana) and 
meditation without focusing (dhyana) [31]. These results show 
that following meditation with focusing and meditation without 
focusing, the ability to perform the P300 auditory oddball task was 
better, while after a session of equal duration of random thinking 
reduced. The neuro-electric events which underlie the P300 arise 
from the interaction between the frontal lobe; hippocampus and 
temporo-parietal function parts of the brain known to be involved in 
meditation [28] (Figure 4).

Summary
Auditory evoked potentials, a noninvasive method of evaluating 

auditory information transmission from the periphery to the center. 
Brainstem, mid latency, long latency, and P300 auditory event 
related potentials were recorded in meditation, meditative focusing, 
random thinking and non-meditative focused thinking. The findings 
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i) Typical Trace of P300 ERPs 

 
ii) Traces of P300 ERPs before and after meditation 
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demonstrated that meditation had distinctly different effects 
compared to the other three states. 

In summary during meditation there was:

i) A decrease in the brainsteim auditory evoked potentials 
at wave V peak latency suggesting reduces the speed of 
transmission in the midbrain (inferior colliculous).

ii) Peak latencies of midlatency of Na and Pa wave were 
reduced suggesting reduction in speed of transmission ot 
mesencephalic – diencephalic region and Heschle’s gyrus. 

iii) The peak amplitude of the P2 component of LLAEPs, evoke 
potentials was increase suggesting involvement of large area 
within the auditory association cortex along with recruitment 
of more neurons.

iv) P300 amplitude of auditory event related potentials increased 
while the latency reduced suggesting improved attention for 
the auditory oddball. 

Hence, meditation is distinct state in which attention to auditory 
stimuli improve while the speed of auditory information up to the 
primary appears to be slower. 
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