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　　T he auditor y mismat ch negativit y ( M MN) and P300 o f ev ent-r ela ted potentia ls wer e compared in

no rmal childr en either w ith or w it hout musical meditation tr aining . The experimental g roup consisted o f

11 subjects w ho had been tr ained with musical medita tion for six months and t he contr ol g roup consisted

o f 12 subjects( mat ched for ag e, sex and g r ade) w ho had not r eceiv ed musical meditation. MMN ampli-

tudes in the trained childr en were lar g er than those in the cont ro l g roup. In addition, the M MN ampli-

tudes were ident ical in att end and igno re conditions for bo th gr oups. T his ev idence suggests that audito-

r y br ain function has been affected by musical meditat ion tr aining . lt t hus suggests that the MMN is ca-

pable of assessing changes to the br ain function in no rmal subjects. There w ere no significant differences

in t he P300 latencies and amplitudes bet ween the t wo gr oups. This result suggests that MMN and P300

may reflect differ ent aspects of the br ain function.

INTRODUCTION

Musical meditat ion is incr easingly being used as a

fo rm o f relax at ion therapy by psycho logists, coun-

selors, phy sicians, and dentists in Western countries.

lt is w idely known that listing to music can reduce

anx iety and facilitate a relaxed mood. Behavioral mea-
sures are o ften used to assess the eff icacy of musical

therapy. How ever , behavior may be an unr eliable in-

dex because it is somet imes influenced by social fac-

to rs that ar e not easily contro lled. M ore object ive

measures of the effects of musical t raining are phy sio-
logical markers such as event-related potent ials

( ERPs) . In the f ield o f the ERP, the clinical applica-

tion of P300 is w idely used. Some researcher s r eport

that P300 amplitude and latency are related to the

t raining of absolute pitch ability( 1) . Katay ama, et al.

( 2) repo rted that the N2 amplitude and latency were

affected by dif ferent pitches and suggested that the

N2 ref lects the subject ive distance betw een standar d
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and deviant tones. M ore recent ly , the clinical applica-

tion of another ERP component called m ismatch neg-

ativity ( MMN) has begun to y ield the important data.

The MMN, f ir st reported by Naatanen( 3) , is elicited

during act iv e/ passive oddbal l par adigm . The MMN is

a dif ference w ave, which is obtained by subtract ing

the ERP for standard st imuli f rom that fo r deviant

st imuli. T he MMN has been used in the diagnosis and

assessment of cognit ive impairmen( 4) . Recently, Ter-

vaniemi, et al . ( 5) reported that the MMN is sensit ive
to the discriminat ion of abso lute pitch ( AP) changes.

Dif ferences have not been invest igated so far in audi-

to ry informat ion processing reflected by the MMN in

gr oups w hich w ere matched w ith regard to musical

therapy. L itt le is known about whether or not the

MMN can be used as an index to observe the ef fects
of musical therapy in normal subjects, especial ly in

childr en. Musical meditation t raining is a type of mu-

sic therapy that is used in China, ev en in some

schools. How ever, quite a few studies used the MMN

to evaluate cognit iv e funct ion o f normal subjects. It

thus is necessary to further invest ig ate whether the

MMN can prov ide a sensitive index o f the ef fects of
musical ther apy on auditor y brain funct ion. T he pre-

sent study intends to pr ovide an objective evidence

fo r the change of brain mechanism after musical med-

itat ion, and to provide further experimental cert if ica-

tion fo r application of the MMN by investig at ing the

relationship betw een the effect of musical meditat ion
and the MMN in no rmal children.

METHODS

　　S ubj ect s. 23 students 13 years o ld o f ag e ( 11

male, 12 female) from the f ir st gr ade of Beijing No . 2

M iddle School, voluntarily served as subjects in the

pr esent experiment . The experimental subjects came
fr om a class in w hich the teacher had adopted a musi-

cal meditation t raining pro gram that w as no t an o rdi-

nary part of the students′curriculum . The students in

this class had been trained w ith musical meditat ion

fo r six months befo re the experiment . T hese students

t rained together for 10 minutes before class ever y
mor ning. In the t raining course, they w ere inst ructed

to sit quietly , close their eyes, relax their bodies and

minds, and listen r espect fully to the music “Aria on G
string”by Bach. Out o f 50 children who attended this

class, eleven childr en w ere randomly selected to form

the exper imental group. Tw elve control subjects were

random ly selected f rom another class in the same
gr ade of the same school . Children in the tw o g roups

w er e matched fo r ag e ( all subjects of 13 years) , sex ( 5

males and 6 females fo r experimental; 6 and 6 for

control group ) , and gr ade ( 86. 3±13. 8 and 86. 7±

12. 5) . All children w ere r ight handed w ith normal

hearing, and did no t have any histo ry o f neurolog ical

and mental illness.

　　 Stimuli . T he auditory oddball paradigm w as

used. 400 tone pips del iv ered through two earphones

w er e used as the auditory st imul i. T hese w ere pro-

duced by St im sy stem ( Neuro Scan Inc. U SA) . T he

tone pip dur at ion w as 40 ms( including r ise and fall

t ime o f 5 ms each) . T he intensity w as 70 dB. SPL and

the interst imulus intervals ( ISIs) w ere constant 850

ms in durat ion. T he standard st imuli w ere 900 Hz

w ith a presentat ion probability of 85% and the de-

viant st imuli w er e 1000 Hz w ith 15% .

　　ERP recording. The EEG recor ding elect rodes

w er e placed at scalp sites Fz, Cz, Pz, C3 and C4( Inter-

nat ional 10-20 sy stem ) , with a reference Ag / AgCl
elect rode to the r ight mastoid. The EOG was recor d-

ed w ith elect rodes placed 5 mm above the br ow and

10 mm laterally f rom the canthus of the r ight eye.

The elect rode impedance w as maintained below 5 k� .
The EEG and EOG were bo th amplif ied w ith filter
0. 3-40 Hz and recorded cont inuously at a sampling

rate of 500 Hz( each channel ) for off-line analysis by
Scan system( N euro Scan Inc. , U SA) . T he epoch w as

800 ms including a 100 ms baseline.

　　Procedure . Subjects w ere tested in a sound-at-

tenuated elect rically isolated chamber . The passive

and act ive ERPs w ere measured fo r bo th exper imen-

tal and control subjects. In the passive condit ion, sub-
jects w er e inst ructed to read a text , remember the

main plot and answer two quest ions reg arding the

stor y after their EEGs w ere recorded. In the act ive

condit ion, subjects w ere inst ructed to discriminate

tw o dif ferent tones and count silent ly the deviant

st imuli as targets. Some pr act ice tr ials w ere r un unt il

the performance w as co rrect and skilled.

　　Data analy sis and statistics. EOG art ifact w as au-

tomat ically corr ected and o ther art ifacts w er e rejected

in the process of aver ag ing . The dif ference w ave w as

obtained by subtr act ing ERPs o f the standard st imuli

fr om those of the deviant stimuli. The range of the

peak o f ERPs components w as ident ified according to
pr ev ious reports ( 3) and the results o f grand-average

ERPs. The MMN was ident ified as a negat ive-going

po tent ial, the largest peak at the Fz site 80-250 ms af-

ter the onset of stimuli w hile the P300 component

w as ident if ied as the larg est posit ive-going potent ial

at the Pz site 240-500 ms. T he latencies w ere mea-

sured fr om per subject at the peak in the above stated
ranges. Peak amplitudes w ere measur ed relat ive to

the pre-st imulus baseline for MMN and peak to peak

fo r P300. In addition, the mean ampl itudes of the

MMN was measured according to the w indow men-
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tio ned above. Results w er e expressed as mean±SD.
　　The t-test for the independent samples w as used

to determ ine if the mean amplitudes dur ing the mea-
surement w indow s signif icantly differ ed in betw een-

gr oups. In addit ion, a m ixed model analy sis of vari-

ance ( A NOVA ) w ith tw o w ithin-subject factor s and

one betw eensubjects facto r was conducted and the

Greenhouse-Geisser correction w as employed. T he
w ithin-subject factors w ere at tention( attend and ig-

no re condit ions) and elect rode po sit ion ( 5 sites) ; the

betw een-subject factor w as group ( experimental and

control ) . All stat ist ical analyses w ere performed us-

ing SPSS sof tware.

RESULTS

　　Behav ior al d ata. The er ror percentag es w ere ob-
tained for each block per g roup by calculating the

percentage of the dif fer ence betw een the reported and

actual number of targets. The err or per centages were
2. 7±5. 9% and 2. 8±4. 0% in the experimental and

control group respect iv ely . The t-test did not show

signif icant dif ference betw een g roups.

　　A ctive ERPs. The gr and-average ERPs to stan-
dard ( dashed line) and deviant ( solid line ) st imuli in

the discriminat ion task for experimental and contr ol

subjects ar e presented at the top of Fig 1. T he bot tom

in Fig 1 show s the grand-average ERPs obtained by

subtr act ing the standar d ERPs from tar get ERPs in
the experimental( solid line) and control ( dashed line)

gr oup.

　　MMN . T he latencies of MMN at Fz w ere 137. 0
±20. 5 and 146. 3±26. 4 ms fo r the experimental and

control g roup respect ively. T her e w as no significant
dif ference in the MMN latency betw een the tw o

gr oups. T he amplitudes o f the exper imental gr oup

w er e signif icant ly lar ger than those of the contr ol

gr oup at Pz, C4( T able 1) . T he MMN mean ampli-

tudes fo r the experimental gr oup w ere also signifi-

cantly larger than those for the control g roup over all
5 electrode sites( Table 2) .

T able 1. The amp l itud e of acti ve and passive dif f erence ERP s( �v ) betw een-group

Electrode

positio n

At tend condition

Exper imental Cont ro l

Ignor e condition

Exper imental Contr ol

M MN

　　Fz - 4. 9±2. 7 - 3. 1±1. 5 - 4. 6±1. 5 - 3. 1±1. 7*

　　Cz - 3. 5±2. 9 - 2. 0±2. 7 - 4. 2±2. 5 - 3. 2±1. 8

　　Pz - 3. 1±2. 3 - 1. 2±1. 5* - 3. 5±2. 4 - 2. 4±1. 5

　　C3 - 3. 7±2. 3 - 2. 7±3. 0 - 4. 7±2. 7 - 3. 9±1. 9

　　C4 - 4. 2±2. 5 - 2. 2±2. 1* - 3. 9±2. 0 - 2. 9±1. 3

P3

　　Fz 9. 5±3. 8 8. 5±3. 4 3. 2±1. 9 2. 0±2. 2

　　Cz 10. 3±3. 9 11. 0±3. 6 2. 7±1. 9 2. 3±1. 5

　　Pz 12. 4±2. 9 10. 7±3. 3 2. 3±1. 5 2. 5±1. 5

　　C3 11. 1±5. 1 10. 8±5. 3 2. 1±1. 8 2. 3±1. 5

　　C4 10. 3±3. 4 9. 0±2. 0 2. 1±2. 1 2. 4±1. 6

　　* P< 0. 05

T able 2. T he mean amp litude of the M MN comp ari son

betw een-gr oup in attention condition(�v )
Electr ode Exper imental Contr ol

F z - 3. 4±3. 1 - 1. 2±1. 7*　

Cz - 1. 9±2. 8 0. 9±2. 2*

Pz - 0. 5±2. 5 1. 6±2. 1*

C3 - 1. 8±2. 8 0. 3±2. 4*

C4 - 2. 3±2. 4 0. 1±2. 3*

　　* P< 0. 05

　　P 300. The P300 latencies at Pz w ere 348. 9±
33. 9 and 340. 7±29. 7 ms for the exper imental and

control g roups respect iv ely . The amplitudes at each

scalp elect rode are shown in T able 1. T here was no

signif icant dif ference in the P300 latencies and ampli-

tudes betw een the two g roups.

　　Passive ERP s. T he g rand-aver age ERPs to stan-
dard( dashed l ine) and deviant ( solid line) stimuli in the

igno re condition for experimental and contro l subjects

are show n at the m iddle of F ig 1. The MMN latencies
at Fz w ere 155. 7±34. 9 ms, 173. 3±23. 3 ms; the

P300 at Pz w ere 286. 2±32. 5 and 280. 8±29. 9 ms

for the experimental and control g roup respect iv ely .

T her e w as no signif icant difference between the tw o

g roups. Table 1 also show s the amplitudes of the pas-
sive MMN and P300. T he MMN ampl itude fo r the ex-

per imental g roup at Fz w as significant ly larg er than

that for the contr ol g roup( Table 1 and Fig 1) .
　 　 T here w as a signif icant main effect of factor

g roup on theMMN , at tent ion on P 3 0 0 , and electr ode
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F ig 1. T op: Grand-aver age ERPs to deviant stimuli( solid line) and standard stim uli( dashed line) in att end condition. Left: Ex-

perimental gr oup; R ight: Contro l gr oup.

M iddle: G rand-average ERPs to dev iant stimuli( so lid line) and st andard stim uli( dashed line) in igno re condition. Left:

Experiment al g r oup; R ight : Contro l g r oup.

Bot tom : G rand-average of t he differ ence w aves obtained by subtr acting ERPs to the standard stimuli fr om that to the

deviant stimuli for exper imental( so lid line) and contr o l( dashed line) g roups. Left: In attend condition; Right: In igno re

condit ion.
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po sit ion on the MMN and P300( Table 3) . T his can

be interpreted to show that the MMN in the experi-

mental group is larger than that in the contro l group;

P300 ampl itudes are larg er in at tend than in ignore

condit ion; and the MMN amplitude gradually de-

creased but P300 amplitude increased from anterior to

po sterior. T he inter act ion betw een at tend and sites

reaches significant levels fo r P300 only .

Table 3. A N OV A results f or dif f erence

ERP s amp litude
Source of
var iance df M MN P300

G 1, 21 8. 36* 0. 91

A 1, 21 1. 97 32. 10* *

E 4, 84 9. 07* * 15. 67* *

G×A 1, 21 0. 12 1. 47

G×E 4, 84 0. 45 0. 62

A×E 4, 84 1. 56 14. 96* *

G×A×E 4, 84 0. 26 1. 63

　　* P< 0. 01, * * P< 0. 001, G : Group, A : At tend, E : Electr ode

DISCUSSION

　　T he data f rom this study show that amplitudes
of the MMN in normal childr en w ere signif icantly

larger in subjects meditated by music w hen compar-
ing w ith contro ls. This evidence suggests that audito-

ry brain funct ion has been af fected by musical medi-
tat ion t raining . It thus suggests that the MMN is ca-

pable o f assessing changes to brain functions in nor-
mal subjects. It is st ill a cont roversial issue as to
w hether the MMN is af fected by attent ion. Naatanen
( 3) found that the MMN amplitudes w ere similar un-
der at tend and unattended conditions, suggest ing that

at tention does no t affect the MMN. How ever,

Woldorf f and Hillyard ( 6) show ed that the MMN is

gr eater in an at tend compared to an unat tended con-
dit ion. The present r esults show that the passive
MMN was not smaller than the activ e MMN fo r chil-

dren, providing the evidence to suppor t Naatanen′s
po sit ion. T he f inding that the MMN is no t af fected by

at tention, suggests that it is a product o f automat ic
pr ocessing . T he result that the MMN was larg er in
the experimental g roup than in the control g roup also

suggests that changes to brain function in the tr ained
gr oup w ere manifested in the automat ic pr ocessing .

These changes may ref lect the improvement of audi-
to ry automat ic discrim inat ion capabilit ies.
　　P300 has already been w idely applied for diag-
no st ic purposes and for the assessment of dement ia
and other cognit ive funct ion impairment ( 7, 8) . In de-

ment ia, P300 usually show s a delay in latency , a de-

crease in amplitude and ir regular w ave fo rm. Recent-
ly, Frank, et al. ( 9) reported that the P300 amplitude

w as decreased in children w ith learning disabilit ies
compar ed w ith normal controls. The MMN and P300

may also reflect different cognit iv e pr ocessing pro-
cesses. It is of ten assumed that P300 ref lects the up-
dat ing of contex t in wo rking memory , but the MMN

could in fact ref lect the individual discr im inat ion abil-
ity of simple and complex sound features as well as

automatic processing processes. T he musical medita-
tion t raining used in the present study showed ef fects

on the MMN rather than on P300. T he MMN and
P300 may therefo re play a dif ferent ro le in the assess-
ment o f auditory brain funct ion. The resul ts also sug-

gest that the ef fects of musical meditat ion t raining
pr obably reached senso ry discrimination level in the

pr esent experiment . How ever , the data do not pr ovide
the conclusive evidence to prove that the musical

meditat ion t raining actually improves the higher cog-
nit ive funct ion. This issue aw aits fur ther invest iga-
tion.
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