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INTRODUCTION

Concept in the mind is a pattern of action within the child's brain

Computer, a pattern by which sensory information is put together into a whole

unit called percept.

John Chilton pearce

Magical Child

Speech may be defined as a form of Oral Communication in which

transformation of information takes place by means of speech waves which

are in the form of acoustic energy ( Fant, 1960). The processing of speech

signals within the existing constraints of natural language has interested and

excited scientists for many years.

Ear, the versatile organ is not only for the purpose of detecting but also

helps in analyzing the auditory input. The speech signal, which are long spurts

of complex and constantly changing stream of sounds radiating from the

speakers lips, travel in air , impinge upon the ear drum of the listener and

reaches the higher cortical structures through the middle ear, inner ear and the

auditory pathways.'Analysis of these speech signals, to some extent, are done

at the lower centers ( below the thalamus level) while the processing of

specific speech parameters and complex acoustic features of natural stimuli

begins only at the level of Medial Geniculate Body (MGB), located in the

thalamus (Kiedel, Kerth, Kallert and Homes, 1983). In addition to this, higher

cortical centers help in adding on the linguistic components to the already

analyzed signal, to reconstruct the percept intended by the speaker.



Reconstruction of this signal by the listener, (i.e. decoding and interpretation)

is speech perception. Indeed, an interrelation between the hierarchy of

processing levels becomes essential for this complex phenomenon of speech

comprehension / perception - the initial stage of it being at the level of the

auditory system.

Perceiving speech requires the discrimination of different auditory

stimuli, which in turn involves comparing one stimulus to another stimulus

that is presented concurrently or (more likely) remembered from some prior

presentations. This process requires a comparator and in most instances, a

"Memory". In recent years, research studies have considered the possibility of

studying auditory discrimination with "Event Related Potentials" (ERPS),

which is used to describe the many different electrical changes associated with

"something" that happens at a particular time. When the "something" is a

sensory stimulus, the ERP is an "evoked potential". Thus, ERPS that occur

when the brain makes a decision.about whether one stimulus differs from

another provides an objective measurement of auditory discrimination.

A simple approach to study auditory discrimination is to present a

series of stimuli containing both high probability "standard stimuli" and low

probability "target stimuli" and to record the ERP's while the subject detects

the target or "oddball stimuli". If the subject can discriminate between the

target and standard stimuli (and if he/she pays attention to the task) a large

complex of waves occur in response to the target stimuli, the most prominent

in this complex being N2 and P3 waves. The P3 wave is also known as the P300

wave, since its peak-latency in young adults performing a simple auditory



3

discrimination is about 300 msec (Picton, 1995). The presence of this complex

in the response indicates that the subject has discriminated between the

stimuli. However, since the subject was actively attending to the stimuli he/she

could have made some behavioural response to the targets (pressed a button in

response to the target or kept a running mental count of the number of targets)

and the electro physiological recordings were not really necessary for

measuring the discrimination (Picton, 1995). Further more, the absence of an

N 2 - P3 complex doesn't necessary mean that the subject could not discriminate

between the stimuli: it may just mean that the subject was not attending to the

task. Since it requires the subjective co-operation of the subject with the

testing procedure, this test is not "objective" (Picton, 1995). This does not

mean that the test is uninformative, since it may provide evidence about the

timing and the location of the cerebral processes as underlying auditory

perception. However it may not be helpful in evaluating patients who cannot

or will not attend to the stimuli (Picton, 1995).

Wouldn't it be nice if there was an objective ERP test to assess

auditory discrimination?

There is, and this procedure is referred to as "MISMATCH

NEGATIVITY" or simply, the MMN.

Very early studies along these lines were performed by Butler (1968)

who recorded the N1 - P2 vertex potential from awake but passive subjects.

Naatanen(1975), however proposed that stimulus deviation per se, irrespective

of its significance (or of the direction of attention) should produce a brain
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response that could be measured from the scalp. Evidence for this suggestion

was obtained in experiments conducted on P300 response by Naatanen,

Gaillard and Mantysalos in the Institute for perception TNO, Soesterberg, The

Netherlands, in the summer of 1978.

A Negativity was elicited at the 100-200 msec latency range by the

deviant stimuli both in the attended and unattended stimulus, which could not

be seen in response to the standard stimuli. This negativity was best visible in

the deviant - minus - standard difference wave and was very similar for the

attended and ignored input sequences, suggesting that attention was not

required. Naatanen et al (1978) proposed that " It may well be that a

physiological mismatch process caused by a sensory input deviating from the

memory trace ('template'), formed by a frequent 'background' stimulus, is such

an automatic basic process that it takes place irrespective of the intentions of

the experimenter and the subject, perhaps even unmodified by the latter. This

view is supported by the fact that the mismatch negativity was similarly

observed for both the attended and unattended sides. On the basis of the

relatively large MMN amplitude above the temporal areas, the authors further

suggested that " the mismatch negativity reflects specific auditory stimulus

discrimination processes taking place in the auditory primary and association

areas.

Mismatch Negativity is elicited only by auditory stimuli whereas P300

is a multisensory response that can be elicited by auditory, visual and somato

sensory stimuli. MMN can be obtained in response to very small stimulus

differences whereas the P300 requires large stimulus difference. Attention plays
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a major role for the elicitation of P300 but not in MMN. In addition, MMN can

be elicited by a predictable oddball pattern but not a P300 wave (Kraus et al.,

1994).

Despite its rather recent discovery, the MMN already holds a number

of promising applications. These applications might be divided into four main

categories. The mismatch Negativity might be an indicator of :

i) The functional state of cortex (studies by Lang et al, 1995;

Born et.al., 1986)

ii) Sensory and perceptual abilities (Kraus et.al., 1995b; Lang et. al.,

1995 Ponton and Don, 1995)

iii) Pathology of automatic processing ( Shelley et. al., 1991; Oades 1991,

Schrodt et. al., 1992)

iv) Neural plasticity (Kraus et. al., 1995b, Naatanen et al 1993c)

Mismatch Negativity appears to index operations of the " echoic

Memory " or auditory sensory memory system which is a system that stores

and maintains brief representations of the physical and temporal properties of

simple auditory stimuli for periods of seconds to tens of seconds even in the

absence of directed attention ( Cowan 1984, Cowan et. al., 1993; Winkler et.

al., 1993; Shroger, 1994) . Javitt et.al., (1998) opined that the generation

process of Mismatch Negativity normally depends upon two discrete process.

First, the auditory cortex must form representations of the physical

characteristics of the repetative standard and maintain the representation until

the next deviant stimulus is presented. Second, the neural structures within the

auditory cortex must compare each stimulus to the maintained representations

of the preceding stimuli. The main determinant of the strength of auditory
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sensory memory trace is the number of consecutive standard stimuli presented

between each deviant. As the number of consecutive standard increases

(deviant probability decreases), the strength of the representation of the

standard stimulus increases , leading to an increase in MMN amplitude to

subsequent deviant stimuli (Javitt et al 1998).

Mismatch Negativity can be elicited by almost any kind of

discriminable stimulus change, such as a change in frequency (Naatanen et.

al., 1978, Sams et. al , Alho,;Naatanen 1985), intensity (Naatanen et. al.,

1989a) and Spatial location ( Paavilainen, Reinikainan , Naatanen 1989 ).

MMN is specific to change in that it only occurs when there is a stimulus

change i.e. the first stimulus in a sequence elicits no MMN whereas a

deviating one in this sequence does ( Sams et. al., 1984 ). It has been opined

by ( Javitt et al 1998) that MMN amplitude increases as a function of the

degree of physical deviance between the deviant and standard stimulus-

greater the stimulus deviance greater the activation of the comparator, leading

to an increased current flow and MMN generation. As stimulus deviance

increases, MMN latency decreases and a parallel decrease is observed in

reaction time leading to the suggestion that attentive novelty detection in

humans is governed by pre-attentive sensory memory, as indexed by MMN

(Novak et. al ; 1992, Tiitinen et. al., 1994)

A reasonably small inter-individual variation in normal population ,

good replicability , and short measurement time are the prerequisites for a

clinical list, to make it suitable for use in individual diagnostics and follow up

studies. But, before MMN can be introduced as an electrodiagnostic tool i.e.
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at individual level, it has to be determined how reliable and replicable a

waveform the MMN is in individuals. So far , MMN has been measured and

analyzed mainly in basic research using grand averaged wave forms across

healthy subjects with various parametric changes, which have been mentioned

already. A majority of the investigators have used deviations in frequency or

speech to study MMN.Only a few publications have described the effects of

intensity deviance on MMN in healthy groups. However a majority of the

commercially available electrophysiological units do not have the provision

for varying the frequency in smaller steps, but intensity can be varied in ldB

steps.

Naatanen et al (1989a) studied the effects of infrequent decrements in

stimulus intensity on MMN amplitude and latency and concluded that larger

the amplitude and shorter the latency, the softer the deviant stimulus was. But

its effect on the different measures of MMN were not studied i.e. onset

latency, offset latency, onset amplitude, offset amplitude, MMN duration and

magnitude of MMN. The present study was taken up to investigate automatic

deviance related processing, as revealed by ERPS elicited in an ignore

condition when the deviant stimulus differs along a single dimension of

"INTENSnY" from the standard.

Aim of the present study

1. To Study the effects of following intensity deviance on MMN

i. 3dBnHL ii. 5dBnHL iii. lOdBnHL.
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An attempt was made to study the effect of intensity deviance on

1. LATENCY - (ONSET,PEAK, OFFSET)

2. AMPLITUDE = (ONSET, OFFSET, PEAK)

3. MMN DURATION

4. MMN area / MMN magnitude = duration x Peak amplitude

2. To investigate whether reading can cause a significant difference

on intensity MMN.
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REVIEW OF LITERATURE

The need to develop a neurophysiological response that indicates

discrimination without the subject having to pay attention caused Butler to

pioneer in this area. He recorded the N1-P2 vertex potential from awake, but

passive subjects. Butler (1968) found that the peak to peak amplitude of the

response, elicited by a regularly repeating "test" tone, was attenuated by

inserting "intervening" tones in between the "test" tones. He hypothesized that

the amplitude of the response to the "test" tone could be used to measure

discriminability between the " test" and "intervening" tones: the more similar

the intervening tone to the "test" tone, the smaller the response to the test

tone. This works well when the tones are far apart, but when the tones are

close together in frequency, the differences are difficult to measure - (Butler

1968).

However, Picton (1985) stated that when the stimuli are close together

in frequency, close examination of the response to the test stimulus shows a

clear wave form difference that goes undetected by simple N1-P2

measurements : a small negative deflection is superimposed on the wave form

in the latency range of the P2 wave. This is the "mismatch negativity" (MMN),

originally described in the ERP's recorded following unattended auditory

target stimuli by Naatanen, Gaillard and Mantysalo(1978).

Kraus, McGee, Carrel and Sharma (1995) described MMN as an

"automatic cortical evoked potential that signifies the brain's detection of

acoustic change". In other words, the MMN reflects the neurophysiological

process that underlies auditory discrimination. Sams et.al., (1985) showed that



10

MMN was present when the deviant stimuli were just discriminable from the

standard stimuli but not when the difference was not perceptible. Thus, MMN

is a prime candidate for an objective neurological test of auditory

discrimination which can be recorded when the differences between the

deviant and standard stimuli are close to the discrimination limen (or Jnd) and

it occurs whether or not the subject is attending to the stimuli ( Sams

et.al.,1985).

In the present survey of literature, the research has been classified

under the following headings:

1. Historical background

2. Neurophysiological basis of MMN generation

3. Neural generators of MMN

4. Potential applications of MMN in normal and abnormal population

5. Methods of eliciting MMN

6. Variables affecting MMN

(Factors influencing MMN elicitation)

Historical Background

In the 1970's, the most extensively studied component of event related

potentials was P300. It was and is usually characterized as being elicited by

infrequent target events, suggesting that two central factors i.e. stimulus

deviation from the frequent events and the significance of this deviation

underlie the P300 generation.

Naatanen (1975), however, proposed that stimulus deviation perse

irrespective of its significance should produce a brain response that could be
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measured from the scalp. Evidence for this suggestion was given by Naatanen

et al (1978), in their study, which used dichotic stimulus presentation, the

subject's task being to detect occasional deviant stimuli in the stimulus

sequence presented to the opposite ear. The irrelevant stimulus sequence

included deviant stimuli that were physically equivalent to the deviant stimuli

(targets) of the attended input sequence. The deviant stimuli were either tones

of a slightly higher frequency or tones of a slightly greater intensity than the

standard tones. It was found that the deviant stimuli both in the attended and

unattended stimulus sequence elicited a negativity at the 100-200msec latency

range which could not be seen in response to the standard stimuli. This

negativity, best visible in the deviant minus standard difference wave, was

very similar for attended and ignored input sequences suggesting that attention

was not required.

Naatanen etal (1978) proposed that a memory trace template is formed

by a frequent "background" stimulus. When a sensory input deviates from this

memory trace, a physiological mismatch process is caused. This is an

automatic process and takes place irrespective of the intentions of the

experimenter and subject, perhaps even unmodified by the latter. This view is

supported by the fact that the mismatch negativity was similarly observed for

both the attended and unattended conditions. On the basis of relatively large

MMN amplitude above the temporal areas, Naatanen et.al.,(1978), suggested

that the mismatch negativity reflects specific auditory stimulus discrimination

processes taking place in the auditory primary and association areas.
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NEUROPHYSIOLOGICAL BASIS OF MMN GENERATION

On the basis of the experimental research Naatanen and Michie (1979)

proposed two intracranial generators for the MMN, one in the auditory cortex

and other in frontal areas. They further suggested that the sensory-specific

cortex perceptually detects stimulus change, whereas the subsequent frontal

actuation might be associated with attention switch (orienting response) to

stimulus changes. The MMN generator activation however, may not

necessarily lead to a (full) orienting response but, according to Naatanen

(1986) could result in a brief correct attention switch that may be the central

element of the orienting response. Consistent with this hypothesis, Lyytinen,

Blomberg and Naatanen (1992) showed that an MMN can be elicited without

skin conductance response and heart-rate decrease indicants of the orienting

response.

The hypothesis in which the MMN generation plays a role as an

involuntary attention trigger is strongly supported by the recent results of

Schroger (1994b). In a selective dichotic- listening experiment, he found that

the reaction time (RT) to an infrequent softer-intensity stimulus in the right ear

increased and the hit-rate attenuated when this target stimulus was preceded

(with a 200msec lead time) by a frequent deviant in the left ear. In addition,

when the frequency deviation was 50 Hz (standard 700 Hz), the reaction time

increased by 12 msec, when the deviation was 200 Hz, the RT prolongation

grew to 26 msec. Both frequency deviants elicited MMN's while the wider

frequency deviant also elicited N2b - P3a waves. According to Schroger (1994b)

" this performance decrement was probably due to attentional capture to the to
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be ignored channel triggered by the deviants of this channel". He further

proposed that the data pattern obtained supports the hypothesis that ,"the

neural processes generating the MMN may be involved in a mechanism of

passive attention switch".

Further evidence for the MMN being associated with involuntary

attention switch is provided by the fact that the MMN is followed by a

relatively sharp, central positivity P3a (Squires and Hillyard, 1975), which

might indicate the occurrence of a brief attention switch (Sams et.al., 1985b ;

Lyytinen et.al., 1992). It has been opined that the more or less regular

physiological concomitants of the MMN might be due to a phase advance of

the steady state response elicited by a continuous background stimulation

around 40 Hz (Makeig, 1995) and some late, slow frontal activity (Naatanen

et.al., 1982, 1983 ; Alho, Woods, Algazi, knight and Naatanen, 1994b).

NEURAL/CEREBRAL GENERATORS OF MISMATCH NEGATIVITY

It has been suggested that MMN is generated by a neuronal mismatch

between the deviant sensory input and a sensory memory trace representing

the standard stimuli (Cowan, Winkler, Teder & Naatanen, 1993 ; Naatanen,

Paavilainen, Alho, Reinikainen & Sams, 1989a ; Naatanen, Paavil'ainen,

Reinikainen, 1989b). It has been further proposed that this automatic

mismatch process might have an important role in initiating involuntary

switching of attention to an auditory stimulus change occurring outside the

focus of attention (Giard, Perrin, Pernier & Bouchet, 1990; Lyytinen,

Blomberg & Naatanen, 1992 ; Naatanen, 1979,1990)
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Thus, localizing cerebral generators of MMN will help us to identify

brain mechanisms of auditory sensory memory and involuntary attention

(Alho, 1995). Various methods have been applied to determine the MMN

generation including localization of these generators on the basis of:

1. MMN scalp distribution

2. Magnetoencephalographic (MEG) studies

3. Intracranial MMN recordings in animals and humans, and

4. Effects of local brain lesions on MMN (Alho, 1995)

A major contribution of supratemporal activity to MMN's elicited by

different kinds of stimulus changes was indicated by source localization of

scalp recorded ERP's and magnetic fields recorded outside the head. Alho

et.al., 1993; Aulanko et.al., 1993 ; Csepe et.al.,1992 ; Giard et.al., 1990

Huotilainen et.al., 1993 ; Hari et.al., 1984 ; Kaukoranta et.al., 1989 ;

Lounasmaa et.al., 1989; Sams et.al., 1985a; Tiitinen et.al., 1993). However, it

appears that there actually are several MMN generators in the auditory cortex,

especially in the right hemisphere ( Levdnen et.al., 1996 ; Paavilainen et.al.,

1991 ). Direct evidence for contribution of auditory cortex activity to

MMN has been provided by intracranical MMN recordings in the guinea pig

(Kraus et.al., 1994), cat (Csepe et.al., 1987) and monkey (Javitt et.al., 1994).

These animal recordings have also provided valuable information on neural

mechanisms generating MMN. Recently, MMN has also been recorded

directly from the human auditory cortex (Kropotov etal., 1.991). Furthermore,

contribution of auditory-cortex activity to the MMN is also suggested by

attenuation of MMN's in patients with temporal lobe lesions (Aaltonen et.al.,

1993;
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A somewhat controversial issue appears to be whether activity of the

primary auditory cortex contributes to MMN. Javitt et.al., (1992) reported that

intracortical recordings of MMN's to frequency and intensity changes in the

monkey indicate an MMN generator in the primary auditory cortex. Moreover,

recordings of frequency change MMN's from the auditory cortex of cat have

shown that in addition to responses of the primary auditory area AI, an MMN

is also observed in recordings from area AII (Csepe et.aL, 1987, 1989 ;

Karmos et.al, 1993). However, Kraus et.al., (1994), observed no MMN's in

responses of the primary auditory cortex of the guinea pig, whereas MMN's to

changes in tone frequency and phonetic stimuli occurred in responses

apparently generated in the non primary auditory cortex.\A number of MMN /

MMNm (magnetic counterpart of MMN) recordings in humans indicate that

the supratemporal MMN/MMNm sources acivated by different kinds of sound

changes are anterior to the supratemporal Nl/Nlm source. (Csepe et.al., 1992

; Hari et.al., 1992 ; Huotilainen et.al., 1993 ; Levanen et.al., 1993 ; Sams et.aL,

1991 ; Scherg et.al., 1989 ; Tiitinen et.al., 1993 ; Woods et.al., 1993b). These

findings suggest that MMN to different sound changes get a major

contribution from the areas anterior to the primary auditory cortex, where the

supratemporal N source is presumably located, judging from the topographic

organization of this source (Bertrand, Perrin & Peraier, 1991/; Elberling et.al.,

1982 ; Panter et.al., 1988 ; Tiitinen et.al., 1993; Woods, Alho & Algazi,

1993 a); However, a contribution from primary auditory cortex to MMN in

these studies cannot be ruled out due to limitations in spatial resolution in

localizing sources of scalp-recorded MMN's or MMNm fields recorded

outside the head (Alho, 1995).
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MMN has been suggested to be generated by a neuronal mismatch

between a deviant sensory input and a sensory memory trace representing a

preceding repetitive sound (Naatanen, 1995). Therefore, localization of MMN

generators will make it possible to identify brain mechanisms of auditory

sensory memory. 4lMN / MMNm recordings also have provided evidence

that simple and complex sounds are processed or represented by different

neuronal populations in auditory cortex (Alho, 1995). Furthermore, the MMN

m elicited by a change in one frequency element of complex sounds (a chord

or a sound pattern) was found to be generated in a different region of the

supratemporal auditory cortex than the MMNm to an identical frequency

change in a simple tone (Alho, 1995). He further hypothesized that the activity

of brain areas outside the auditory cortex also may contribute to MMN. An

MMN subcomponent generated in the frontal lobe was suggested by the Scalp

Current Density (SCD) maps (Giard et.al., 1990). This is supported by an

MMN attenuation in patients with lesions of dorso-lateral prefrontal cortex

(Alho et.al., 1994b).

Alho (1995) suggested that the frontal activity contributing to the

MMN might be associated with an involuntary switching of attention to a

change in the acoustic environment (Alho, 1995).

Earlier r. Alho et.al., (1994b), suggested that the MMN attenuation in

frontal lobe affected patients also might be caused by attenuation of the

auditory cortex MMN, resulting from reduced input from frontal to auditory

cortex. Thus, sustaining input from other brain areas might be important for

sensory memory functions in the auditory cortex (Alho et.al., 1994b).
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At least in some species, very early MMN subcomponents may be

generated in the thalamus, as indicated by intracranial recordings in the cat

(Csepe et.al., 1989) and guinea pig (Kraus et.al., 1994b,1995b). In addition,

Csepe- et.al., (1989), observed a very early MMN subcomponent in

hippocampal recordings in the cat, which is consistent with the comparison of

different stimuli in the hippocampus, as had been previously suggested by

Sokolov (1975) on the basis of hippocampal recordings in the rabbit

(Vinogradova, 1975). Kropotov et.al., (1991) observed no MMN in

intracranial recordings from the ventrolateral nucleus of the thalamus,

hippocampus, amygdala and basal ganghia of the human brain.

Alho (1995) concludes in his review about cerebral generators that

localization of MMN generators helps in the identification of neural

mechanisms involved in auditory sensory memory and involuntary switching

of attention. MMN recordings provide an objective method to investigate the

above mentioned mechanisms and their dysfunction's (Alho, 1995). Moreover,

it helps to study more general principals of representing sensory information

in the human brain.

Based on a review, Naatanen et.al., (1995) summarized that MMN
probably has

i. A bilateral cortex generator

ii. A frontal cortex generator and

iii. Sub-cortical sources
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CLINICAL APPLICATIONS OF MMN

Various applications that the MMN provides yield feature specific

conformation about the sound representation (Winkler, 1996), which develops

rather early in comparison to other ERP waves (Naatanen et.al., 1996). Further

more there are two characteristic features of the MMN, namely its attention

insensitivity and its recordability, in a broad range of consciousness which

makes this component a unique candidate for clinical application (Csepe et.al.,

1997). Of these factors, the relative attention independence is one of the most

important in applications and/or application-oriented research. Several features

make MMN a specially attractive tool for auditory research and clinical

practice.

Naatanen (1995) summarizes the clinical applications of the MMN as

follows.

(i) The MMN is elicited by any discriminable change of a repetitive sound and

can be elicited by stimulus differences that approximate the behavioural

discrimination threshold. Therefore it provides an objective measure of an

individuals discrimination ability for different simple and complex (such as

phomenic) sound features.

(ii). As it can be elicited without attention, the MMN is free from attentional

variations that contaminate behavioural measures and attention dependent

physiological measures of auditory function. In addition, auditory function can

be studied even in individuals unable or unwilling to cooperate.

(iii). MMN provides a unique window to view the neurophysiological

processes underlying normal hearing.
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(iv). MMN also provides a means for studying auditory short-term memory

which is of crucial importance for correct speech processing and

understanding . Consequently, MMN opens a view to the temporal dimension

of auditory function which in contrast to vision, is to a great extent sequential

in nature.

MMN AS A MEASURE OF CONCIOUSNESS

MMN can be elicited in a range of levels of consciousness, it is not

clear what quality and quantity of stimulus deviations are sufficient for its

elicitation (Csepe et.al., 1997). In disturbed states of consciousness also, there

are very promising clinical trials for using MMN for clinical predictions. In an

extensive study done by Kane etal (1996), a large number of coma patients

were investigated by using MMN elicited by pitch- deviation. The presence

of MMN was highly related to the emergence of the coma. They concluded

that the MMN, having an all-or-none character, can be used as an early

neurophysiological indicator of recovery from coma caused by traumatic brain

injury( TBI).

However Csepe etal (1997) recommended that though the sensitivity

and specificity of the MMN was high, one had to be careful when using MMN

as a diagnostic tool .As reported by Kane etal (1996), absence of MMN does

not mean impeding death in all cases but the presence of MMN may help

manage TBI patients and counsel their relatives.

The study done by Kane etal (1996) used large deviation (800 vs

1600Hz) between tones of 110 dB, which elicted large MMN in awake
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subjects and hence an expected appearance of MMN even in coma. This huge

deviation could explain why MMN was demonstrated in coma, which

contradicts the MMN results in sleep (Csepe, 1997). In non REM sleep, no

MMN has been demonstrated up to now, even for large deviations like 1000

VS and 2000 Hz. (Loewy etal, 1996). One of the possible reasons according

to Loewy etal (1996) for the absence of MMN in slow-wave sleep, is that the

largest deviation without an awakening effect is not enough for MMN

elicitation.

Another study was done by Rockstroh etal (1995) to predict recovery

from coma. Some patients described as in a persistent vegetative state(apallic

syndrome) were also investigated (Jennet etal., 1972). The depth of the coma

was measured by the Disability Rating Scale and was correlated with the ERP

measurements focussing on the N1-P2 complex and the pitch deviation

elicited MMN.The MMN seemed to be less predictive than the presence of the

vertex recorded Nl.lt was hence concluded that the comparison processes

reflected by the MMN needed a 'functional effeciency of the cortex'.

(Rockstroh et.al, 1995) that failed in most of the patients investigated. Another

possible explanation for the lacking MMN is that the tone deviation used was

not an optimal one for these patients (Csepe, 1995). In these studies, the all-or-

none nature of the MMN was exploited, and the cautions conclusions drawn,

may correspond to the questionable reliability of MMN in various clinical

populations.
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MMN AS A MEASURE OF MEMORY TRACE EFFICIENCY.

A part of clinically oriented MMN research is based on the memory

trace concept that the MMN is the product of a comparison of the incoming

signal against the neuronal trace built up by the frequently repeated stimuli

(standard) (Csepe etal., 1997). Csepe et.al., (1997) further hypothesizes that

the trace occupying the sensory memory is strengthened by the stimulus

repetitions, and the trace has a rather short decay time.

This correlative nature of the MMN appearance, magnitude and

strength of memory trace gave a big impetus to those studies in which patients

whose sensory memory was assumed to be impaired were investigated.

(Molnar et al, 1995). An experiment by Pekkonen et al (1993), measuring

pitch and duration MMN at different inter-stimulus intervals revealed a faster

trace decay. They concluded, after a detailed analysis of the MMN

characteristics, that while the automatic stimulus comparison process was not

affected by aging, the functional limits of the trace were influenced. This may

lead to processing problems such as involuntary attention switching and

becoming less sensitive with age.

In an earlier study by Pekkonen et al (1993), where area measures on

the MMN resulted in significant differences between young and aging

subjects, a similar effect was shown. In another study by Woods (1992)

significant changes in MMN distribution were found in aging subjects when

compared to young subjects, while serious attenuation was not reported.

Contrary to their results, Gunter et. al (1996) reported that MMN was not

affected by aging and the sensitivity of the processing was even enhanced with
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aging. This discrepancy may be due to the use of experimental parameters

differentiating sensitivity and aging, (Csepe 1997). The knowledge on MMN

in the elderly is substantial and of extreme importance to make a valid

distinction between changes affected by age and those affected by pathological

processes like Alzheimer's or Parkinson's disease appearing often in aging

persons.

By measuring MMN in the same paradigm as in that of aging studies,

Pekkonen et.al., (1994) found an MMN amplitude decrease as a function of

the ISI. The conclusion was that the memory trace decays faster in Alzheimer

patients than in the age-matched group (degree ofMMN attenuation was more

expressed). Another study by Yokoyama et al (1995) on dementia patients

showed no significant amplitude change and longer MMN latency, an effect

not found in patients suffering from vascular dementia. They concluded that

MMN latency is useful for differential diagnosis.

MMN AS A MEASURE OF THE LACK OF EXISTENCE OF THE PRE

PERCEPTUAL PROCESSING.

Parkinson's Disease.

In Parkinson's disease, an impaired change detection was supposed in

general. A study done by Pekkonen et.al., (1995), revealed that the pitch

MMN was smaller in non demented patients with Parkinson's disease than in

age-matched controls. In this study, the MMN area was measured and the

MMN attenutation was interpreted as a consequence of dopamine deficiency

in these patients.
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The experiments done by Karayanidis et.al.,(1995) showed an MMN

amplitude reduction in Parkinson's disease. The MMN among other

components such as P3a , P3b and N2b showed a conspicous amplitude reduction

with age and a little more attenuation due to Parkinson's disease. Also the late

part of MMN, called the 'late Nd' showed a significant increase.These results

are in agreement with the results of Vieregge et al (1994) which provided

evidence for a distinctive impairment of the controlled processing, that is a

disturbed auditory selective attention, as revealed by a significantly smaller

processing negativity and unchanged P3.

Csepe et.al., (1997) states that it is possible that only the all-or-none

nature of the MMN can be used for drawing conclusions about these group of

patients whose automatic comparison ability was not disturbed in general. He

also says that it seems to be too early to judge the qualitative features of the

MMN and the underlying processes before we know what is shown by the

area and amplitude changes in normal and especially in aging subjects.

Schizophrenia

In understanding the neurophysiological deficits in this disorder, MMN

was used to find whether the neuro cognitive dysfunction is so pervasive that

it extends even to the levels of the peperceptual processing of auditory events

(Csepe, 1997).

In an experiment performed by Javitt et.al., (1995) on 20 medicated

and 11 un-medicated patients with MMN and P3 waves measured in passive
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and active oddball paradigm respectively, it was found that the MMN was

severely impaired in schizophrenics both in medicated and non medicated

groups. The peak amplitude of the MMN and that of the two cognitive

components (N2 and P3) showed a significant decrease. The reduced MMN

was rather similar in medicated and non medicated groups.

Kirino and Shinomiya(1996) grouped patients according to amplitude

variations of MMN and P3 .Patients in group A had a higher MMN and an

amplitude increase in P3. Group B's MMN amplitude slightly increased, but

no P3 changes appeared. This result seems to contradict the correlation of

MMN and P3 found by Javitt et.al., (1995) but this was probably affected by

the persistent neurocognitive dysfunctioa

Recent data of Oades etal (1996) showed a symmetric MMN on the

frontocentral sites in paranoid schizophrenics when compared to non paranoid

schizophrenics whose MMN peaked over the parietal sites. Studies of

O'Donnel (1994) did not find any differences in pitch deviation elicited MMN

between normal subjects and medicated schizophrenic patients.

Though these results are equivocal, they are relevant to schizophrenia

in both the basic and clinical research. Impairments or lack of the MMN

generation in schizophrenia may contribute to the observed disturbances in

shifting attention toward novel stimuli or inadequate processing of relevant

versus irrelevant stimuli (Csepe etal, 1997). However it is not fully clear yet

which components of the processing reflected by the MMN are assumed to be

characteristic of schizophrenia.
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MMN AS A MEASURE OF PROCESSING DIFFERENCES

Obsessive-Compulsive Disorder (OCD)

In OCD's, unlike Schizophrenia, an over focused attention is assumed.

Although a frontal generator of MMN was demonstrated by Giard et.al.,

(1990), they showed that the hyperactivation of this region, indicated by a

significantly larger processing negativity (PN), did not contribute to MMN

generation. ERP data of Oades et.al., (1996) have shown distinctive

differences between MMN and PN. The OCD showed a right side

predominance of the MMN and an extreme regional allocation of the PN.

However, it is still not known to what extent the frontal lobe is affected in

OCD's.

EFFECT OF ALCOHOL AND THE FRONTAL LOBE

Grillon et.al., (1995) stated that the automatic change detection,

attention control and allocation of attention to novel stimuli are affected to a

different degree by ethanol intake. A low dose of ethanol, used by

Jaaskelainen et.al., (1995) resulted in a dramatic amplitude reduction and

significant latency delay. They concluded that the disturbed pre-perceptual

processing of the environmental cues due to the effect of alcohol, may account

for an increased risk of accidents. In the study done by Grillon et.al., (1995),

low dose ethanol did not affect the MMN but changed the P3 which has a

strong frontal component, implying the impact of alcohol on the frontal

processing of task irrelevant stimuli. Jaaskelainen et.al., (1995) investigated

the dose effect of alcohol elicited by different deviance magnitudes (frequency

only). The MMN was suppressed by 'larger dosage' of alcohol. In a recent
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study of his in 1996, Jaaskelainen reported that at longer ISI (2.4 sec) even the

low dose attenuated the MMN, while the higher dose suppressed the MMN at

both low and high ISI used . These findings and changed scalp distribution of

MMN suggested the strong impact of alcohol on the frontal generator.

Aphasia and the Assumption of Different Generators in Tone and Speech
Processing

A genuine application of the knowledge of bilateral generators of tone

deviation elicited MMN showing a right side preponderance and that of the

language sub-centers in the dominant left perisylvian region was used in the

first study of aphasia patients. Aaltonen et.al., (1993) in his study of aphasic

patients, found that patients with predominantly anterior lesions have intact

MMN to both pure tone and vowel deviations while those with posterior

lesions showed a different pattern. Both the groups lacked MMN to the vowel

contrast and had normal MMN to the tone deviation.

In a recent study, Csepe et.al., (1997) demonstrated the abnormalities

of MMN to speech sound differences and found results that were not fully

compatible with those of Aaltonen et.al., (1993). However, it was stated that

the dissociation unquestionably suggested that different areas were active in

generating MMN to vowel and one deviations (Csepe et.al., 1997)

MMN AS A MEASURE OF DEVELOPMENTAL LAG

The typical condition of MMN recording, that is the passive elicitation

is a considerable advantage when children are studied (Csepe et.al., 1995,

Naatanen et.al., 1995). Because of its early maturation (Kraus et.al., 1994&
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Csepe et.al., 1995) MMN was investigated in the following assumed

disturbances or developmental lags :

In attention deficit and hyperactive disorder (Kenner etal., 1996, Oades
etal., 1996)

In autistic children (Kenner et.al., 1995)

In dysphasic children (Karpilahti et.al., 1994)

In children with learning disabilities (Kraus et.al., 1996)

All these studies showed significant changes in MMN duration, peak

amplitude and latency measures.

MMN AS A MEASURE OF PROCESSING ACCURACY

One of the most exciting applications is the use of MMN in patients

with cochlear implants (CI) (Csepe etal., 1997). In the study done by Kraus

et.al., (1993) recording MMN's to speech stimuli of differently dissimilar

spectral components, it was found that MMN was present in all good CI users

and was very similar to that recorded in normal listeners. They opined that the

speech perception abilities of the CI users depend on the central auditory

processing reflected by the MMN. The usefulness of MMN in assessing the

discriminability of CI produced stimulation patterns, was suggested by

Ponton and Dons (1995). In their study, they recorded MMN's to changes in

stimulus train duration and pitch. They found that the MMN recorded in CI

users resembled that of normal hearing individuals. Their suggestion for using

MMN in developing rehabilitation programs fulfills the hopes for a relevant

clinical application of the MMN.
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Hence, we see, that despite its rather recent discovery MMN already

holds a number of promising applications.

To summarize:

MMN can be used as a measure of:

1. Conciousness (Kane et.al., 1996) eg. Coma patients.

2. Memory trace efficiency (Pekkonen et.al., 1993, 1996) eg. Aged and

dementia patients.

3. Lack or existence of the perceptual processing (Pekkonen et.al., 1995) eg.

Parkinson's disease, Schizophrenia (Javitt et.al., 1995)

4. Processing differences eg. Obsessive Compulsive Disorders, alcoholics,

aphasics (Giard et.al., 1990 ; Tovey et.al., 1994 ; Jaaskelainen et.al., 1995;

Kraus et.al., 1994)

5. Developmental lag eg. ADHD, Dysphasic children (Kraus et.al., 1995)

6. Processing accuracy eg. In cochlear implant users (Kraus et.al., 1993)

METHODOLOGICAL ASPECTS OF MMN STIMULATION AND

RECORDING.

Methods for Eliciting Pure MMN Responses.

The MMN wave form is elicited as a response to deviant (rare) stimuli

in a relatively homogenous stream of standard (frequent) stimuli using an

oddball paradigm.

In an oddball paradigm we present a series of high probability standard

stimuli and in the interval between the standard stimuli predictably or un-

predictably we present a low probability deviant stimuli (i.e) a series of about

5-6 identical stimuli and a oddball stimuli will be presented.
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MMN can be elicited only in the deviant stimulus train both in ignore

or attended condition indicating that MMN indexes largely preattentive stage

of auditory information processing (Javitt et.al., 1998).

The oddball stimuli may differ in

a) Frequency (Sams et. al., 1985)

b) Intensity (Naatanen et.al, 1989 a)

c) Duration (Naatanen et.al., 1989 b; novak et.al., 1992)

d) Spatial origin (location) of the sound (Paavilanen et.al.,1989)

In addition, changes in more complex Auditory stimulus attributes such

as phonetic (Aaltonen et.al., 1987; Sams et.al., 1990) temporal changes in the

stimulus presentation i.e. on occasionally to early stimulus in a block with a

constant inter stimulus intervals (ISIs)(Nordby et. al , 1991; 1988) can elicit

MMN.

MMN can also be elicited even when the deviant stimuli occur in a

task irrelevant input sequence (for instance among right-ear stimuli when left-

ear stimuli are attended) (Naatanen et.al.,1978).However MMN cannot be

elicited only by stimuli with deviant stimulus parameters when they are

presented with out the intervening standard ; suggesting that MMN reflects a

change in detection when a memory trace representing the constant standard
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stimulus and the neural code of the stimulus with deviant parameters) are

descrepant (Naatanen et.al, 1988).

Recording of MMN :

The same principles apply to recording of the MMN as for any other

long-latency ERP.

Time Window:

The peak latency of the MMN varies even in normal adults within the

range of 80-250 msec, the recording time window has to be atleast 300 msec

(Lang et. al., 1995). However in children and when using stimuli of long

duration such as syllables, the MMN peak latency can even exceed the limit

of 300msec (Lang et. al., 1995). The " Tail" of the MMN should be included

in the window to show whether the negative MMN waveform is followed by a

P3a waveform indicating obtrusiveness of the stimulus and efficacy of the

passive paradigm (Lang et. al., 1995). Lang et. al., (1995) state that the

window should begin about 50 msec before the triggering time to allow

measurement of the pre-stimulus base line and noise level. Thus a time

window of about 50 msec to 350-500 msec is recommended for the on-line

averaging of standard and deviant responses ( Lang et. al., 1995).

Amplifier setting and sampling ra te :

Lang et. al., (1995) recommended that a frequency band of 0.1 to 30

Hz is sufficient for the MMN recordings. AC power frequency can be further

filtered by using a 50 (60) Hz notch filter, although it is preferable to eliminate

noise with shielding in case there are sources of strong noise in the vicinity
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(Lang et. al., 1995). Sampling rates higher than 100 Hz and analog to digital

conversion of atleast 10 to 12 bits are recommended for data acquisition (Lang

et. al., 1995)

Recording electrodes, Number of channel, Derivation :

In a majority of the psychophysical MMN studies, three midline

electrodes (Fz,Cz,Pz), referred to the linked ear or mastoid electrode plus two

Electro OcculoGraphic(EoG) electrodes have been used (Lang et. al., 1995).

The scalp location of the MMN with maximum amplitude seems, however, to

be center more often parasagitally than on the mid line. Further-more, the

diagnostic sensitivity of MMN appears to increase if the electrode yielding the

largest amplitude is used. Lang et. al., (1995) suggested that it is beneficial to

use at least seven scalp electrode (Fpz, Fz, Cz, F3 , Gt, C3) plus the reference

and EoG electrodes. To achieve more complete scalp distribution for "brain

mapping " which also improves identification of ambiguous MMN responses,

all 21 electrodes of the 10 to 20 system are needed (Lang et. al., 1995. For

source localization, " dipole analysis" of the MMN an extra temporo basal

electrode row is essential ( Scherg, Vajsar, picton, 1989).

Recording conditions, instructions, duration of the session :

Lang et. al., (1995) stated that MMN recordings should be performed

in a room with sufficient protection against noise and disturbances. Complete

noise isolation is not required because the stimulus are delivered via earphones

and moreover,the testing is done at threshold level (i.e. the stimuli need to be

audible and at a comfortable level). If free field stimulation is used the

standard and deviant might attenuate differently, thus generating an extra

unintentional deviance (Lang et. al., 1995).
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The subject is instructed to pay attention to a movie or to read a book

and to ignore the sound stimulus. Lang et. al., (1995). Suggested screening

voiceless movies with subtitles during the recording procedure.

Lang et. al., (1995) stated that watching a video movie or some other

visual task is necessary not only to direct the subjects attention away from the

test stimuli and to maintain the activity level and vigilance but also to

attenuate the alpha rhythm and slow activity of the background EEG.

Excessive background EEG activity is a major factor in distorting the MMN

responses. Lang et. al., (1995) recommended that if both active and passive

listening are needed it is best to first record the passively elicited MMN and

then to record the active (P3) paradigm.

MMN recording takes about 8-10 minutes to record the necessary

number of responses. Preparations and electrode application take about 20

minutes, it is not possible to record more than five to six blocks ( including

200 deviant and 1000 deviant with repetition rate of 3Hz) in a 1-hr session

(Lang et. al., 1995).

Lang et. al., (1995) also found that when recording time exceeded 1 or

2 hrs, the MMN amplitude began to attenuate, even in young adults. Hence a

maximum duration of an hour (hr) for each test session has been suggested for

the elderly and school aged children and for younger children, the test session

must be even shorter, for efficient MMN recording.
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Repetition Rate and Probability of Stimuli:

In practice, an ISI of about 300 msec has been used for MMN

application when using simple or vowel stimuli ( Lang et. al., 1995 ). Lang et.

al., (1995) opine that good results can be obtained if every 5th to 10th stimulus

is a deviant (p.= 0.1 to 0.2) in a" pseudo random" stimulus sequence.

Visual Recognition of MMN and waveform Parameters

The MMN waveform is usually superposed on by other exogeneous

(N1P2) or endogeneous (N2P3) waveforms (Naatanen, 1995). Naatanen et. al.,

(1982) suggested that N 2 0 0 elicited by the detected deviant stimuli in the

oddball paradigm is composed of two components peaking within the same

time window. They were labeled the mismatch negativity and N2b by Naatanen

et. al., (1978). Naatanen (1995) reports that when the subject attends to the

auditory stimuli (in one-channel) oddball situation, MMN is partly overlapped

by N2b .

The separation of MMN and N2b in the auditory modality has mainly

been based on the longer latency of N2b and its most posterior midline scalp

distribution (Naatanen, Gillard , 1983). Earlier studies by Squires et. al.,

(1975) showed that N2oo is followed by a positive wave (P3a) even in ignore

conditions. However, there are MMN data with no subsequent P3a (Naatanen,

1980, 1982). Renault and Lesevre (1979) reported on the other hand, that only

N2b appears to be invariably followed by P3a.
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Difference Waveform :

It is evident from Fig-2, that MMN is apparent in the deviant and in the

difference waveform (Naatanen et. al., 1988), but not in the standard

waveforms. Lang et. al., (1995) suggested that if there is a common ERP

waveform e.g. N1P2 in the responses evoked by the standard and deviant

stimuli it can be eliminated by generating a difference waveform of these

responses. A difference waveform is generated by subtracting the averaged

response to the standard stimuli from that to the deviant stimuli Naatanen et.

al., (1975) concluded from their initial study that MMN peaks within the range

of 120-250 msec after stimulus onset. However, Kraus et. al., (1997) reported

that the MMN can be identified visually as a relative negative peak occuring

with a 300 msec window following the N1. Mcgee et. al., (1997) suggested

that the MMN can be identified visually as a relative negativity occuring with

in 350msec following the N1. Generally the most common parameters studied

from the waveform are the latency and amplitude measures (Lang et. al.,

1995).
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Fig-2 : MMN in representative adult in response to a standard and deviant

tone of 1 KHz with an intensity deviance of 5dB.

Lang et. al., (1995) state that the latency is measured from the stimulus

onset to the negative peak of the MMN. Due to a floating base line it is also

necessary to determine the onset point for amplitude measurement.

This allows the calculation of the MMN risetime ( = Onset to peak ), In

addition some studies also determined the offset point, enabling the

measurement of the total duration and fall time (peak to offset) of the MMN.

(Lang et. al., 1995)

Lang et. al. (1995b), Lang et. al., (1995c) opined that the various

MMN measures such as amplitude, latency, duration of the MMN represent

different central mechanism.



Fig - 3 : The standard stimulus was 1000Hz and deviant stimulus was

1000 Hz line with intensity deviance of 10 dB measure of MMN quantity are

indicated in the difference waveform.

1. Peak Latency

2. Peak amplitude

3. Total duration

4. MMN area = Duration X Amplitude

35(a)
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To summarize the several MMN waveform measurements studied are

1. Latency (Onset, Offset, Peak)

2. Amplitude ( Onset, Ofset, Peak)

In case of symmetrical / Double peaks it is reasonable to measure the MMN

amplitude from the highest peak (Lang et. al., 1995)

3. MMN duration (ie) duration between the zero crossing.

4. MMN magnitude (area of the MMN waveform) determined by multiplying

the MMN duration with MMN peak amplitude (Groenen P. et. al. 1996)

These various measures can be inferred from fig - 3.

Identification of an Uncertain Response :

A crucial problem in the ERP data analysis is determining the

existence and significance of a response (Lang et.al., 1995). Visual scoring is

still the most common way to identify the response although automatic and

wave form detection algorithm can be applied. A complete MMN mapping i.e.

with at least 20 channels or more is valuable not only for such special

examination as dipole analysis but also in routine examinations of MMN

identification in uncertain cases (Lang et. al., 1995).

The t-test has been used to compare the significance of differences

between two corresponding amplitude values taken from the same time

incidence of two ERP wave form(Lang et. al., 1995). Lang et. al., (1995)

further opines that by averaging 100 deviant responses the standard of the

mean amplitude was 1.5 µv, which can be taken as the "first approximation"

when planing experiments for comparing MMN responses with different

stimulus pairs (e.g. when increasing frequency difference of standard and

deviant stimuli. Determination of negative peak may be problematic for
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bifurcated or noisy waveforms which are relatively common (Lang et.al.,

1995). In these cases, the area can be used as a less varying variable

representing the intensity of the response (Pekkonen et.al., 1993).

McGee et.al., (1997) collected MMN responses from 86 normal

school age children in response to synthesized speech syllables / wa / and

two variants of / ba / in order to assess methods for determining response

validity in individuals. The methods used were compared using signal

detection theory techniques. They stated that visual recognition of waveforms

is insufficient to adequately judge MMN validity.Consideration of other

waveform measurements greatly improves the assessment of MMN validity.

They concluded that criteria based on measurement of response area, Onset

latency, and duration as the best indicators of response validity.

FACTORS CAUSING VARIATION IN THE MMN.

Tracing back literature, MMN elicitation is affected by many number

of factors leading to greater amount of both intraindividual and inter

individual variations.

Intra individual Variation of the MMN :

There is variation in individual MMN amplitude and latencies from

one block or session to another even when the stimulation parameters are not

changed. Lang et.al., (1995a) examined the relability of the MMN

measurements by recording MMN responses of three male subjects on 5

consecutive days by using four different stimulus blocks. The coefficient of
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variation(C. V) of the MMN amplitudes and latencies were found and was seen

that the coefficient of variation(C.V) for the MMN amplitude was

considerably higher than that for the MMN latency. Thus, Lang et.al., (1995)

concluded that the MMN amplitude is more unreliable variable than the

latency.

Sleep:

The MMN disappears in sleep, although minor responses simlar to the

MMN have been elicited in early morning recordings (Campbell, Bell,

Bastien, 1991) or when stimuli preceding K-complexes were used selectively

to sum the MMN (Sallinen, Kaartinen and Lyytinen,1994).However the MMN

varies Strongly with alertness even if the subject is not allowed to fall asleep

(Lang et.al., 1995). Lang et.al., (1995) reported that in various states of

vigilance the MMN amplitude and Latency behaved in different ways.

Sallinen et.al., (1997) also reported that MMN is attenuated due to

decrease in alertness even before an actual Sleep state is reached. In contrast,

intracranial recording from anaesthetized cats (Csepe et. al., 1989) and guinea

pigs (Kraus et.al., 1994a, 1994b) provide evidence for the occurrence of the

MMN even during sleep or anesthesia. Thus the results of above studies are

equivocal and not all of them have found an MMN in sleep (Paavilainen et.al.,

1987).
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ATTENTION:

The use of MMN as an objective measure of auditory function is to a

large extent based on the assumed full or partial independence of the MMN

from attention. If the MMN were elicited only in the presence of attention,

then it could not be regarded as being free from attention related variations

that affect behavioural measures of auditory function. Moreover, it would not

be possible to associate the MMN with attention switch to change in an

initially unattended sound (Naatanen, 1985).

Several studies have shown that the MMN elicited by deviant stimuli

when they are targets of the attended sound sequence or when the sounds are

ignored are of very similar amplitude (Naatanen et.al., 1982). Deviants in

attended stimulus sequence usually elicit a large negativity (revealed by the

difference wave) than when the auditory stimuli are ignored, but this

difference is due to superimpositons of the N2b component on the MMN

(Naatanen et.al., 1982; Naatanen, Sams and Alho,1986; Naatanen et.al., 1983).

Comparisons with the Magnetic counterparts of MMN (MMMm)

between active and passive conditions have yielded very similar amplitudes

(Kankoranta et.al., 1989; Lounasmaa et.al., 1989). Consistently with this the

magnetocephalography (MEG) does not register the N2b generator process

(probably due to the radial orientation of the generator)(Naatanen,1995).

In contrast to results suggesting attentional independence of the MMN

amplitude, the MMNm recorded by Aulanko et.al.,(1993) for phonetic change
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(/b/-/da/, or vice versa) has larger in amplitude when when phonetic stimuli

were attended than when they were ignored. However a subsequent study by

Aulanko, Ilmoniemi and Sams(1995) failed to replicate this effect.

Attention is more strongly focused during concurrent presentation of

the to be attended and ignored stimuli streams, most typically when they are

presented dichotically with a rapid rate (Hillyard et.al., 1973; Nāātānen

1990,1992).Under such conditions, the amplitude of the frequency change

MMN seems to be unaffected by the direction of attention(Naatanen et.al.,

1993b; Paavilainen et.al., 1993). Woods et.al., (1992) found larger MMN's to

slight frequency deviation during attention to auditory stimuli than to visual

stimuli. The studies conducted by Naatanen etal., (1993) indicated that

although the frequency MMN is elicited even in the complete absence of

attention, its amplitude might some times be attenuated. Thus, the threshold of

the frequency MMN is not affected by attention whereas the amplitude in

these cases is affected (Naatanen 1993).

In contrast, the MMN for intensity reduction is strongly attenuated

though not fully eliminated, in the absence of attention (Woldorff et.al., 1991;

Naatanen et.al., 1993b). Naatanen et.al., (1993b) postualated that the intensity

MMN is very much vulnerable to attention i.e. when attention is very strongly

focused on the input delivered to the opposite ear in a dichotic condition,

minor decrements in stimulus intensity seemed to elicit no or only a very small

MMN, where as MMN's were elicited when attention was focused elsewhere

is less intense (reading) in other words, the MMN to intensity deviation is

clearly attenuated in the absence of attention. Nevertheless, no data have
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demonstrated a total disappearance of the MMN in the absence of attention.

Naatanen (1991) therefore suggested that the sensory analysis resulting in

neural sound representations is not affected, but that the excitability of the

MMN process trigered by a deviant stimulus might be dampened in the

absence of attention. He proposed a division of neurons involved in the MMN

process into 1. Computational and 2. Amplifying ones , suggesting that it is

the latter neurons that might be modulated by attention. However. Naatanen

(1995) suggest that a passive condition is preferred to avoid mixed waveform

caused by the N2/P3 waves typically of active condition. Ignoring can be

achieved by focussing the subject attention away from the test stimuli.

Watching a video movie , instead of reading has proven useful with children

and aphasic patients (Lang et.al., 1995). In watching a T.V. screen , the eye

movements (with related electro occulographic artifacts) are smaller than

when the subject is reading a book.

On the other hand, the reading saccades provide an objective measure

of the efficiency of ignoring (Lang et. al., 1995). Naatanen et. al., (1995)

recommend the use of dichotic paradigm to direct attention away from the

MMN stimuli, by this procedure attention is controlled, and total time is

shortened (Lang & Mikola 1994).

In summary, it appears that the MMN to frequency change is strongly

attention independent in most conditions. However the MMN to intensity

change is attenuated but not fully abolished in absence of attention. In general

the degree of attention independence of the MMN is sufficient to justify its use

as an objective measure of sensory analysis in audition as well as its
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interpretation in terms of a cerebral mechanism of attention switch to a change

in an unattended sound sequence (Naatanen, 1995).

These views have recently received strong support from the dramatic

results of Kane, Curry, Butter and Cummins (1993), which demonstrated the

emergence of a well defined MMN in coma patients 1 to 2 days before they

regained their consciousness and a continuous absence of the MMN in those

patients who later died.

THE INTER INDIVIDUAL VARIATION OF THE MMN :

The inter individual variation of the MMN can be mainly attributed to

the following factors.

1. Auditory discrimination ability of the subj ect

2. Age

3. Gender

4. Acquisition Characteristics

5. Stimulus Characteristics

Auditory discrimination ability of the individual:

Lang et. al. (1990) have shown that there exists a significant positive

correlation between the MMN amplitude recorded in a passive condition and

the pitch discrimination performance in an active condition. In a study

conducted on 26 young adults with normal hearing by Lang et. al. (1990), 6

subjects showed poor, 9 moderate and 11 very good discrimination

performance. Six subjects with poor performance it was not possible to elicit

the MMN with a 50 Hz difference (at 698 Hz center frequency). In contrast, in
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the 11 subjects with good performance, the MMN was seen in the grand

average even with a 19 Hz difference. Lang et. al. (1990) opined that for

individuals with the good discrimination performance, an MMN can be

elicited by a 12 Hz difference (the smallest difference used). However, the

MMN amplitude for the nine individuals with moderate discrimination was

between these two groups.

The correlation between pitch discrimination and the MMN amplitude

has been recognized also in other studies (Kraus et. al., 1993; Naatanen et. al.,

1993; Winkler and Naatanen, 1992).

Similar correlation has also been shown by using synthetic vowels as

stimuli (Aaltonen et. al., 1995). Thus, there is an association between the pitch

discrimination performance and the MMN amplitude in healthy individuals

(Lang et. al., 1995) however, the correlation exists only with relatively small

pitch differences. With increasing differences, other ERP components are

superposed on the MMN waveform causing the difference in the ERP

amplitude between the groups to disappear (Lang et. al., 1990).

Lang et. al. (1995) suggested that this association between the MMN

amplitude and the discrimination of the frequency contents of a sound makes it

possible to study the pre attentive processing of at least the frequency

variables of sound stimuli and more complex speech signals (eg. Vowels).

Kraus et. al.(1994), Naatanen et. al. (1993) reported that when the

discrimination performance was improved with training it would subsequently
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lead to an increase in MMN amplitude. However, it is not yet clear whether all

individuals who repeatedly show a small MMN with frequency deviation (ie.

It does not depend on physiological or technical variation factors) also have

poor pitch discrimination (Lang et. al., 1995). Lang et. al. (1995) further

opined that, it is still uncertain that whether individual differences in the

MMN amplitude in subjects of the same age can be explained entirely by the

difference in the pitch discrimination performance, or it may be because of

individual differences in discrimination of the stimuli eg. sound duration or

inensity differences would lead to variation of the MMN amplitudes.

Age :

According to Lang et. al., (1995), MMN can be without exception

elicited in infants, children and adults and its peak latency shortens with

increasing age. A complicated interaction seems to exist between age and

amplitude. Lang et. al.(1995) opine that with increasing age, the MMN

amplitude decrease especially if a long ISI between the standard stimuli is

used. Further more, the number of Biphasic responses increases and the

signal-to-noise ratio deteriorates with age. (Lang et. al., 1995; Woods, 1992).

Gender :

Gender also has an influence on the MMN latency. Aaltonen et. al.

(1994) reported that with complex stimuli, the MMN latency is significantly

longer in females than in males.
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Acquisition Characteristics

a. Electrode placement :

The MMN distribution over the scalp may convey some valuable

information. (Lang et. al., 1995). They opine that it is useful to measure the

MMN parameters at all of the seven electrodes in which the maximum

amplitude of the wave form may occur (Fpz, F4, Fz, F3, C4, Cz and C3) (Lang

et. al., 1995). Naatanen (1972) recommends use of nose as reference to

identify the MMN topographically.

Kurtzberg et. al., (1995) reported that MMN amplitude was larger at

the frontal electrode (Fz) in majority of the subjects participated in their study

secondly over the Cz however, in few subjects they found no MMN at Cz.

Naatanen et. al. (1978) reported of larger MMN amplitude above the temporal

areas. More sophisticated methods can take advantage of the spatial

redundancy in the MMN scalp distribution to enhance its SNR (signal-to-noise

ratio) (Kurtzberg et. al., 1995).

b. Total Number of Standard and Deviant Stimuli

Lang et. al., (1995) opine that Background EEG will not be totally

cancelled in the averaging since the frequency band of the MMN response is

very close to the alpha band . They suggest that a rough estimation of the

number of trials for achieving the ultimate detection limit (0.3 /µv) can be

obtained from the equation
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Where, SNR- Signal to Noise ratio

Usrms - Signal Amplitude (rms)

UNrms- Noise Ampltude (rms)

N- Number of trials in the average.

In practice however, the duration of the recording session is limited

and it is seldom possible to collect more than 200 to 300 deviant and 1200 -

2700 standard responses. (Lang et. al., 1995).

c Repetition Rate and Probability of stimuli

If simple stimuli are used, MMN amplitude increases when the IsI (

inter stimulus interval from the stimulus onset to the onset of the next

stimulus) is shortened , provided that the intervals between the deviants are of

the same duration (NaStanen et. al., 1987). This result is in contrast to the fast

decrement of the amplitude of the N1 and P3b component (Mantysalo &

Naatanen, 1987; Sams et.al., 1993). Naatanen, (1995) opined that this

phenomenon is due to the fact that when the repetition rate of the standard

stimuli increases the memory trace evoked by it becomes more intense which

in turn strengthens the MMN response generated by the comparison process.

In addition to the selective increase of the MMN, a higher repetition rate

shortens the recording session thus contributing to an improved recording

quality (Lang et. al., 1995).
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In practice an ISI of about 300msec has been used for MMN

applications when using simple or vowel stimuli (Lang et. al., 1995).

However, short ISI may lead to the following problems

1. if the decay speed of the memory trace contains any essential

information, this information may be lost.

2. In the case of long latency response, the "tail" of the response may

be lost, including the P3a waves which signals the obtrusiveness of

stimuli. (Lang et. al.', 1995).

The MMN amplitude also is effected by the probability of the deviants

in the stimulus sequense. When the probability is lower, the MMN amplitude

increases. (Lang et. al., 1995). However, the total time of recording increases

which again reduces the quality of the response (Lang et. al., 1995). Lang et.

al. (1995) suggested that good results can be obtained if every 5th to 10th

stimulus is a deviant (P= 0.1 to 0.2) in a "pseudo random" stimulus sequence.

It is imperative that the stimulation program does not generate low or more

deviants one immediately after the other, because then those deviant function

as new standards and MMN response in the difference waveform is attenuated

(Sams et. al., 1983).

d. Large stimulus differences

When the physical differences between the standard and deviant

stimuli is small it is easier for the subject to ignore the test stimuli (Lang et.

al., 1995). With a small difference, however the MMN amplitude is low and

the signal to noise ratio is poor. (Lang et. al., 1995). When the deviance
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exceeds a certain critical limit, the highly deviant obtrusive stimulus causes a

passive switch of attention (Naatanen, 1995). In that situation, a large P3a

component is superposed on the deviant waveform.

Lang et. al. (1995) suggested that with a large frequency difference

between the standard and the deviant stimulus, the neurons in the primary

auditory cortex activated by the deviant are different from the activated by the

standard . In addition with larger ISI between deviants, the activation of Nl

caused by the deviants may be significantly larger than that caused by the

standards. (Lang et. al., 1995).

Currently, it is unknown what the "safe" upper limits are for the

deviance of duration and intensity stimuli as well as for complex stimuli (Lang

et. al., 1995). A positive waveform (P3a) following the MMN waveform,

however, implies that the stimulus difference is too large.

e. Interaction and Variance of Difference Stimulus Parameters

The selection of stimulation parameters is primarily determined by the

experimental question. However, the MMN response is generated by any

psychophysical (subjective) difference between the standard and deviant

stimuli (Lang et. al., 1995). Although the stimulation parameters are

physically (objectively) independent of each other, a psychophysical

interaction may exist between them (Lang et. al., 1995).
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Lang et. al. (1995) farther state that due to the non linear behaviour of

hearing, the interactions between the different stimulus parameters should be

taken into account. For example, the frequency and loudness of a tone are

related via equiloudness contours (Rabinson & Dadsen, 1956) and the duration

of the tone also effect the loudness level sensation. Hence if the duration of a

short (less than 50msec) stimulus is increased, the intensity experienced also

increases making it an unwanted additional variable, if the intention is to study

only the influence of duration difference on the MMN (Lang et. al., 1995).

Use of complex stimuli is the study of speech processing requires sufficiently

invariant stimuli (Lang et. al., 1995). Computer programs for waveform

synthesis and parametric speech synthesis (Klatt, 1980) can be used for

generating these complex stimuli in a controlled way (Lang et. al., 1995).

The physical properties of the auditory stimuli (Sound pressure level,

frequency spectrum) are normally fixed in the stimulus generation phase and

they should not be affected by the presentation deviance (Lang et. al., 1995).

In practice, however, a careful calibration of the whole stimulus delivery

system by means of a precision sound level meter and an artificial ear is

needed each time a new stimuli is introduced (Lang et. al., 1995).

Stimulus Characteristic :

Within the oddball paradigm, the MMN quality varies according with

the dimension of deviance between standard and deviant stimulus. The MMN

is reportedly produced even when the deviations are very slight atleast for

changes in pitch (Sams et. al., 1985) and intensity (Naatanen, 1986). In
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general, it has been reported that the amplitude of the MMN is directly

proportional to the magnitude of stimulus deviation (upto a plateau of about

10% deviation), where as its onset latency and duration have been reported to

be inversely related to the degree of deviation (Naatanen, 1985).

Naatanen and Associates (1985) have suggested that the sensitivity of

the MMN to slight physical deviations together with its putative independence

from attentional influence indicate that the physical features of auditory

stimuli are fully analyzed even when the stimuli are unattended. According to

this view (Naatanen, 1985) a template or neural trace is established by

repetition of the standard stimuli and the MMN is elicited when the deviant

stimulus fails to match this trace. In order to accomplish this template-

matching operation, it is postulated that the brain must have performed a " full

analysis " of the physical features of both the standard and deviant stimuli

(Naatanen, 1988). Recordings of the magnetic counterpart to the MMN (Hari

et. al., 1984; Sams et. al., 1985) and dipole source localization of the electrical

MMN (Scherg, Vajsac & Picton 1989) suggest that these analysis and

comparison processes may take place in the auditory cortex.

Frequency Deviance :

Cs'epe (1995) studied the effect of frequency deviance from 25% to

5% on MMN and found that smaller the difference, the larger the latency

range and cortical area showing a significant MMN. The amplitude however

showed significant enhancement with the increasing frequent deviations

reaching a plateau at difference of 15% (Cs'epe 1989):
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Cs'epe (1989) in his study observed that no MMN was elicited with

deviants with frequency decrements less than 5% . However, paavilainen et.

al. (1993) postulated that MMN can be even elicited by frequency increments

of 5%. The difference between the two studies was the difference in the

stimulus duration used. The former used a duration of only 5 msec, whereas

the later used 30msec. Paavilainen et. al.(1993) opined that a interplay

between the two parameters ie. frequency and duration influence the time

needed for forming a better memory trace which inturn results in the better

generation of MMN.

Naatanen, (1995) opine that the difference in frequency is more

important than the individual frequency of the stimuli, with a small difference.

MMN amplitude is small and S/N ratio is poor.

\
Intensity Deviance :

When there is very small difference in the intensity of the two stimuli

MMN amplitude is low and S/N ratio is poor (Naatanen, 1995). Currently the

'safe' upper limits for deviance of intensity is not known.

Naatanen et. al. (1989a) opined that infrequent decrement in stimulus

intensity elicited the mismatch negativity (MMN) which was larger in

amplitude and softer in latency, the softer, the deviant stimuli was. Synder and

Hillyard (1976) postulated that changes in the intensity of even an extremely

brief stimulus such as click, might produce an MMN. Paavilainen et. al.

(1993) found that the intensity MMN can be elicited even with stimulus
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duration of 10msec and its amplitude increased as a function of stimulus

duration in contrast the frequency MMN required a stimulus duration of about

30msec and the amplitude did not increased when the stimulus duration was

prolonged.

Duration :

The time dimension is one of the critical aspect of the memory traces

involved in MMN generation (Naatanen, 1995). Eliciting an MMN response

by shortening ISI duration as the target has been extensively study (Ford et.

al., 1981; Naatanen, 1995; Naatanen et. al., 1993; Nordby et.al., 1988).

Naatanen et. al. (1981) concluded that using simple stimulus ISI duration

decrements resulted in increased amplitude provided that the interval between

deviance are of the same duration. On the basis of durational decrement

studies Bottcher-ganelor et. al. (1992) suggested that the duration of neuronal

representation is about 10 sec.

Spatial location :

Sound localization plays an important role in auditory information

processing. This ability is necessary for instance in attending selectively to one

sound source in the multitude of other sounds originating from different

spatial loci. The human auditory system is capable of performing very fine

discrimination between loci of sound origin mainly on the basis of inter aural

phase and intensity differences (Schaef and Houstna, 1986). Paavilainen et. al.

(1989) conducted a study to determine whether a change in spatial location

produce an MMN. Auditory stimulus blocks were presented to 12 reading
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subjects. The standard (p = 90%) were presented in straight at 0° azimuth and

the deviants from an angle of either 10, 45 or 90° to the right of the standard.

The spatial locations were produced via earphones by introducing for low

frequency (600Hz) tone an inter aural difference and for high frequency

(3000Hz) tones an inter aural intensity difference. Standard and deviant

stimuli were also delivered in more natural, free field condition via differently

positioned loud speakers. They found that the deviant tones elicited MMN

followed by a P3a component. They concluded that the spatial localization of

a sound source is coded in the neuronal stimulus traces reflected by the MMN

and that a change in this location is automatically detected by the brain by

means of the MMN generator process.

Temporal Order :

Schuruger, Naatanen, Paavilainen (1992) opined that the temporal

order reversals elicit an MMN when successive sound elements differ either in

frequency, intensity or duration. They conducted a study to investigate

whether MMN is time - locked to the temporal occurance of the deviation

within the complex stimulus. Event related potentials to complex auditory

sound pattern consisting of eight 50msec segments differing in frequency were

recorded from human scalp while the subject was performing a visual search

task. They concluded that MMN to frequency deviance can be elicited at

different positions within the complex spectro-temporal sound pattern and

was consistent with the hypothesis that sensory memory representation of

unattended auditory events contain precise information about their spectral

features. Additionally their finding that the MMN is time-locked to the
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temporal occurance of the deviation within the sound pattern supports the

hypothesis that sensory representations contains precise temporal information

about the sounds.

Complex Stimuli :

Complex stimuli like phonemes can be used to elicit MMN (Aaltonen

et.al.,1987). Investigations by Sharma et.al., (1993) have revealed that, in

adults, an MMN can be elicited by speech stimuli that are even difficult to

discriminate psychophysically. MMN can be obtained to stimuli that lie within

as well as across phonetic category boundaries (Sams et.al., 1990). The

complex stimuli generally used are synthesized speech token in order to

control the acoustic features (Rraus et.al., 1995).The stimuli consists of five

formants and the pitch, contouring, fundamental frequency jitter and

presentation rate are adjusted to create natural sounding phonemes.

The commonly varied parameters in this oddball paradigm using

speech stimuli are interdeviant internal (EDI), interstimulus internal(ISI),

stimulus onset asynchromy [interval between stimulus onsets,SOA(temporal

order)] and the probability of occurance of the deviant stimuli (Naatanen,

1992). The combination of parameters that yield a robust MMN in response to.,

tonal difference does not necessarily yield the best MMN to complex stimuli

(Kraus et.al., 1995).Kraus et.al. (1995) opined that even within complex

stimuli, the combination of optimal parameters is not uniform. Moreover the

parameters inherently covary making it difficult to assess specific parameters

(Imada, Hari,Loveless, McEroy and Sams, 1993; Ritter et.al., 1992). In
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addition there are the practical issues of determining what stimulus and

recording parameters will most parsimoniously yield interpretable information

for a particular stimulus contrast (Kraus et.al., 1995).

MMN has been recorded in atypical oddball paradigm i.e. where

several deviants or standards are present, (Ritter et.al., 1995;Winkler etal.,

1992). Thus the MMN is not necessarily limited to a simple oddball paradigm

in case of complex stimuli.

Although it is generally thought that MMN magnitude increases with

shorter ISI.(Groneig et.al., 1996), Kraus etal., (1995) reported that MMN size

decreases with a shorter ISI when elicited by /ga/-/da/ (Speech Stimuli).

Multidimensional Deviance.

Until recently, MMN research foccussed on one-dimensional changes,

leaving open the question whether similar MMN patterns can be elicited by

deviants that differ from the standard stimulus on multiple dimensions

(Schroger, 1995). In the case of a multidimensional stimulus change, each

deviant feature would elicit its own MMN (Schröger, 1995). In addition, these

independently and simultaneously activated MMNs may lead to an additive

MMN in the case of a multidimensional deviant (Schroger, 1995).

Very recently the hypothesis of additive mismatch responses was

tested in the magnetoencephalographic study by Levdnen et. al. (1993). They

measured the mismatch fields (MMFs) for one and two-dimensional deviants.
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The two dimensional deviant consisted either of simultaneous changes in

inter-stimulus interval and frequency or change in duration and fequency. The

MMFs for two dimensional deviants were very similar to the sum of the

MMFs for the corresponding one -dimensional deviant (Levdnen et. al., 1993).

Schroger, (1995) conducted a study to test the hypothesis of an

additive MMN by employing a frequency deviant, a location deviant and a

two dimensional deviant differing from the standard in both frequency and

location. The testing was carried out both in ignore and attended condition.

Schroger, (1995) concluded that in the ignore condition the two-dimensional

deviant elicited an enhanced mismatch negativity as compared with the

MMNs elicited by the one-dimensional deviants. Thus proving the additive

hypothesis of MMN elicitation as the temporal and the topographic

distributions of the two-dimensional MMNs can be modelled by adding the

one dimensional MMNs. He postulated that this additivity of the MMNs

probably results from the independent activity of separate neural populations

generating the frequency and the location MMN. However in the attend

condition, the deviance related-related ERPs effects were not additive in the

N2b and P3 range implicating that the neural processes involved in the

conscious detection of changes in location and frequency are not independent.

From the brief survey of literature it is evident that relatively few

studies have been carried out in terms of studying the effects of intensity

deviance on the various MMN waveform parameters like latency, amplitude,

duration and magnitude. However on the basis of earlier studies it has been

reported that very with small differences in the intensity of two stimuli MMN
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amplitude is low and S/N ratio is poor. Moreover, Naatanen et. al. (1993b) and

Woldroff et. al. (1991) reported the effect of attention on intensity MMN.

Considering these the present study, was designed to investigate the effects of

intensity deviance on the following parameters of MMN waveform

1. Latency (onset, offset, peak)

2. Amplitude (onset, offset peak)

3. Total duration

4. MMN magnitude

Further, an attempt was made to investigate whether reading

causes significant change on intensity MMN.



METHODOLOGY

This study was taken up with the aim of investigating the effects of intensity

deviance on mismatch negativity and also to see. whether reading can cause a

significant difference in intensity MMN. The methodology is described under

the following headings

1. Subjects

2. Instruments

3. Test environment

4. Procedure

SUBJECTS

30 volunteer's (15 male &15 female) from neighboring colleges and

the graduate students of AIISH in the age range of 18-23 years were taken up

for this study.

SUBJECT SELECTION CRITERIA

1. Subject should not have any history of biological, psychological, or

Neurological problems.

2. Subject should be able to relax in the presence of electrodes placed for the

duration of testing and impedance values were within normal limits.

3. Subjects should have hearing within normal range, (pure tone average

better than 25 dBHL, reference ANSI 1969).
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INSTRUMENTATION

The following equipment were used in this study.

a. Pure tone audiometer- a single channel diagnostic audiometer (Beltone

model 112) with TDH-50p earphones lodged in MX-41/AR ear cushion was

used to estimate the behavioral thresholds of all the subjects. The audiometer

was calibrated prior to the study as per recommendation of the manufacturer.

b. Immitance meter - A microprocessor based automatic immittance meter

with a visual display ( Grason - Stadler GSI-33,Verson-I middle ear analyzer)

was used to access middle ear function of subject. The immitance meter was

calibrated as per recommendation of the manufacturer.

c. Electrophysiological unit -

Biological Navigator, an auditory evoked potential system was used to

record waves in the subjects. The following accessories were used:

1) Electrodes - 5 silver chloride electrodes were used for recording the

potentials.

2) Earphones - TDH-39 earphones mounted on supraaural MX-41/AR

ear cushion was used to present the stimuli.

TEST ENVIRONMENT

Pure tone audiometry was conducted in portable sound treated booth.

Immittance evaluation and electrophysiological testing was carried out in a

quiet room.
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TEST PROCEDURE

All volunteers were screened for their puretone thresholds in both the

ears using single channel clinical audiometer. The frequencies tested were

from 0.25-8 kHz. If the thresholds in any one ear exceeded 25dBHL, the

subject was not taken up for further testing. Subjects who had thresholds

within 25dBHL were tested for tympanograms and reflexes in both the ears

using an immittance meter GSI-33. Subjects who passed both the tests were

taken up for this study.

PATIENTS SETUP

The subjects were seated in a comfortable posture with the head fully

supported to ensure noise free recordings. Neck and Jaw muscles were relaxed

to ensure a minimum rejection rate.

ELECTRODE PLACEMENT

The electrode site for the two channel mapping recordings was selected

as Cz and Pz as positive, the FPz as common and A1 (left ear mastoid) and A2

(right ear mastoid) as negative.

Schematic representation of electrode site and its connection in the electrode box

POSITION
Forehead (FPz)

Vertex(Cz)
Parietal(Pz)

Mastoid(Left)(A1)
Mastoid (Riqht)(A2)

CONNECTION IN ELECTRODE BOX
Common

Channel-1, Input-1
Channel-2, input-1
Channel-1, Jnput-2
Channel-2, input-2



61

Silver cup electrodes were fixed at the sides after thorough skin surface

cleaning with surgical spirit and skin preparing solution and later filled with

standard EEG electrode paste, suitably secured in place with surgical tape.

MEASURING IMPEDANCE

The impedance of the electrodes were measured for each electrode for

the 2 channels. All electrode impedance were less than 5k ohms, and within 3k

ohms of each other (inter electrode impedance). If the impedance increased

beyond 5kohms, the electrodes were removed and the sites were properly

cleaned again, patient was asked to relax and the electrodes were resettled.

The negative electrode Al andA2 was interlinked using a jumper to obtain a

clear waveform.

STIMULUS PARAMETERS :

MMN measurements were carried out with alternating tone bursts,

using an oddball paradigm. A 1000 Hz tone burst (with 10-ms linear rise and

fall time, 30-ms plateau) was used as the standard stimulus while a 1000 Hz

with various intensity deviance from the standard stimulus (ΔI) 3dBnHL;

5dBnHL; lOdBnHL corresponding to deviant intensities of 63dB, 65dB, 70dB

(with the same envelop) was used as the deviant stimulus.

The test protocol used. for recording MMN are summarized in Table 1.
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Table - 1: Test Protocol for Recording

RECORDING PROCEDURE

Recording was done in two conditions

1. Condition I : Without Reading

2. Condition II : With Reading

In Condition I recording was done with 3dB; 5dB; lOdB deviance and for

Condition II recording was done with 5dB deviance only.

The instructions given to the subjects were as follows :

Condition I : To be relaxed while recording

Stimuli

Frequent stimuli

Infrequent stimuli

Intensity Deviance

Intensity of frequent stimuli

Intensity of infrequent stimuli

Rise time

Fall time

Plateau

Filter

Repetition rate

Gain

Alternating tone burst

1000 Hz

1000 Hz

3 dBnHL; 5 dBnHL; 10 dBnHL;

60dBnHL

70 dBnHL / 65 dBnHL / 75 dBnHL

10 msec

10 msec

30 msec

1.1-30 Hz

1.1/Sec

50,000
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Condition II : They were instructed to read a book of their choise

Stimuli were presented through earphones placed on subject's ear with caution

not to dislodge any electrodes. The blue and the red earphones were placed

over the left and right ears respectively. The center of the earphone diaphragm

was placed over the earcanal opening for delivery of accurate stimulus

intensity. The earphones TDH-39 were used to deliver the alternating tone

bursts in three separate blocks each incorporating 100 deviant stimuli and

appropriate number of standard stimuli. All tones were presented pseudo

randomly ( at a ratio of 5:1 for standard:deviant) at a rate of 1.1 / sec. The

amplifier filter was set to a band pass of 1.1 - 30Hz with a 12 dB per octave

roll off All averaged ERP's were stored in the computer for further analysis.

ANALYSIS

MMN was obtained by subtracting the waveform for frequent stimuli

from the wave of infrequent stimuli of the Cz wave / Pz wave. From the

difference wave the MMN waveform parameters, Latency, Amplitude,

Duration, Magnitude (area) were measured .



RESULTS AND DISCUSSION

The aim of the present study was to investigate

1. The effect of intensity deviance on mismatch negativity

2. The effect of reading on intensity MMN.

CHANGES IN WAVE MORPHOLOGY:

MMN were judged to be present by visual recognition for all the

subjects both in deviant and the difference waveform .Mcgee et. ai,(1997)

reported that MMN can be identified visually as a relative negativity occuring

with in a 350msec window following the NI. In the present study MMN was

apparent for all subjects both in deviant and the difference waveform but not

in the standard waveform. At 3dB deviance the MMN was identified visually

as a relative negative peak in the difference wave with peak latency falling in

the region between 225-300msec which is evident from fig5. It can inferred

from fig7 that for 5dB deviance difference waveform the peak latency fell in

the region between 217-277msec. However at l0dB deviance the MMN was

identified as a relative negativity in the difference wave with peak latency

ranging between 175-215msec as revealed in fig9.

Lang et.al,(1995) warned against using overly large stimulus difference

in the clinical application of MMN .When the physical difference between the

standard and deviant stimulus is large ,a passive switch of attention can occur

(Naatanen 1995) and a positive waveform (P3a) following the MMN wave can

be observed . In the present study only two subjects waveforms revealed P3a

waveform at lOdB deviance only ,however the remaining subjects did not

have any positive waveform following the MMN waveform , indicating that
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the stimulus deviance selected for the present study was not too large and

proved the efficacy of a passive paradigm.

Statistical comparisons were performed using 2-way ANOVA in order

to find the effect between / within groups across intensity deviance

(conditions) and electrode placement. Duncans Multiple Range Post hoc test

with harmonic mean sample size of 60 was used [ there was no statistically

significant difference seen between the recording from electrode placements

Cz & Pz ] to identify the locus of significant difference between the means.

All the statistical comparisons were performed on SPSS for windows (SPSS

Inc. Chicago. II) implemented on an IBM compatible PC.

EFFECT OF INTENSITY DEVIANCE

An attempt was made to study the effect of 3dBnHL, 5dBnHL,

l0dBnHL intensity deviance on the following MMN waveform parameters.

Latency Amplitude

* Onset latency * Onset Amplitude * Total Duration

* Offset Latency * Offset Amplitude * Magnitude

* Peak Latency * Peak Amplitude

Table-2 summarizes the Mean, Standard Deviation of the various

parameters studied both at Cz and Pz placements for 3dB, 5dB, l0dB

deviance.
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CHANGES IN LATENCY MEASURES

Table-Al: The results of the MNN onset latency for the three

conditions at the two electrode placements Cz & Pz.

From Table Al it is evident that there was a small change seen in onset

latency as the deviance increase. However from Table A2 it is clear that this

small change seen in onset latency was not statistically significant across all

stimulation conditions (F = 1.750, P = NS ) and electrode placement.

(F=0.054,P = NS).

Table A 2 : Results of two way ANOVA : for onset latency

F ratio and P values are depicted for condition and electrode

Onset

Latency

Cz

Pz

3dB Deviance

Mean

(msec)

26.033

29.500

S.D.

9.859

12.635

Range

(msec)

8-43

12-50

5dB Deviance

Mean

(msec)

33.833

29.6

S.D.

19.992

12.283

Range

(msec)

11-92

13-59

lOdB Deviance

Mean

(msec)

31.267

30.933

S.D.

13.248

12.809

Range

(msec)

13-70

11-55

Onset Latency

Intensity Deviance

(Condition)

Placement (Cz/Pz)

F Ratio

1.750

0.054

P Value

0.158

0.817

Significant / Not

Significant

Not Significant

Not Significant
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OFFSET LATENCY:

Table A3 : Means, SD and Range values of Offset latency at the two

electrode placements for the three deviant conditions.

Table A4 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size = 60

From the group average data given in table A3 it is evident that there

was an increase in MMN offset latency with increasing deviance. The same is

also depicted in Graphl. This progressive increase in offset latency with

increasing deviance was highly significant (F = 7.223, P = 0.00). Results of

post hoc analysis (Table A4) indicated that the difference in offset latency for

lOdB deviation and that of 3dB & 5dB was statistically significant where as

the difference in mean for 3dB and 5dB was not statistically significant.

Table A5 : Results of 2 way ANOVA for offset latency

F Ratio, P Values are depicted for both condition and electrode placement.

Offset

Latency

Cz

Pz

3dB Deviance

Mean

(msec)

26.133

27.633

S.D.

12.889

11.068

Range

(msec)

10-57

9-51

5dB Deviance

Mean

(msec)

31.56

30.46

S.D.

18.56

14.41

Range

(msec)

10-90

6-66

lOdB Deviance

Mean

(msec)

37.16

43.36

S.D.

16.883

24.06

Range

(msec)

16-83

14-S2

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

26.8833
31.0167

0.147

2

40.2667
1.000

Offset Latency

Intensity Deviance
(Condition)
Placement

F Ratio

7.22

0.152

P Value

0.00

0.697

Significant / Not
Significant
Significant

Not Significant
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From table A5 it can be inferred that there was no significant

difference observed between the two electrode placement (Cz&Pz) (F = 0.152,

P = NS)

Graph 1 :

Mean (± SEM) MMN offset latency at Cz as a function of intensity deviance

PEAK LATENCY :

Table A6 : Mean, SD, Range values of peak latency at the two electrode

placements for the three deviant conditions.

Peak

Latency

Cz

Pz

3dB Deviance

Mean

(msec)

225.9

240.3

S.D.

68.7

42.39

Range

(msec)

181-328

111-323

5dB Deviance

Mean

(msec)

217.13

21933

S.D.

60.41

59.36

Range

(msec)

127-337

127-334

10dB Deviance

Mean

(msec)

175.26

169.46

S.D.

49.81

63.11

Range

(msec)

128.295

126.298
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Group average data given in Table A6 & Graph 2 reveal that the MMN

peak latency values decreased progressively with increasing deviance . This

progressive decrease in peak latency was statistically significant (F = 17.565,

P = 0.00).

Table A7 : Results of 2 way ANOVA for Peak latency

F Ratio, P Values are depicted for both condition and electrode placement.

It can be inferred from table A7 that there was no significant difference

seen in electrode placement (F = 0.396, NS) for peak latency.

Table A8 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size = 60

From table A8 it can be inferred that the means of 3dB deviance and 5dB

deviance did not differ significantly. However the mean at lOdB deviance do

differ significantly.

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

172.3667
218.3333

0.861

2
233.1432

0.153

Peak Latency

Intensity Deviance
(Condition)

Placement (Cz/Pz)

F Ratio

17.565

0.396

P Value

0.00

0.530

Significant / Not
Significant
Significant

Not Significant
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Graph 2 :

Mean ( + SEM) MMN peak latency at Cz as a function of intensity deviance.

The findings regarding the latency measure are in consonance with the

few studies reported in literature (Lang et. al., 1995; Naatanen et. al., 1989b;

Cs'epe, 1995). In the present study it was evident that the onset latency do not

have statistically significant change with increasing deviance. Also the change

in latency was not in the same direction.. This is in accordance with Lang et.

al. (1995) who reported that onset latency is a more inaccurate ERP latency

measure than the peak latency. Further more Cs'epe (1995) opined that the

inter individual variations seen in onset latency, is considerably more

compared to peak latency . The decrease seen in peak latency with increase in

deviance is similar to the results of the other studies. Naatanen et. al. (1989)

reported that the peak latency, is inversely related to the degree of deviance.
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They further added that infrequent intensity decrements elicited mismatch

negativity with shorter latency for softer deviant stimulus, in other words for

larger deviance between standard and deviant.

It was also seen from the present study that the offset latency increased

with increasing deviance, however not many studies have reported on this

parameter and its relation with the degree of deviance.

CHANGES IN AMPLITUDE MEASURES :

Table Bl : Mean, SD and Range values of onset amplitude for the three

deviant conditions at both electrode placements.

From table Bl, & Graph 3 it can be inferred that the MMN onset

amplitude values increased progressively, with increasing deviance for

recording from Cz. Recording from Pz electrode showed an increase in

amplitude when the deviance was increased to 5dB. However, the onset

amplitude for lOdB deviance was slightly less than that for 5dB deviance.

Table B2 : Results of 2 way ANOVA for onset amplitude

F Ratio, P Values are depicted for both condition and electrode placement.

Onset Amplitude

Intensity Deviance
(Condition)

Placement (Cz/Pz)

F Ratio

3.801

0.009

P Value

0.011

0.924

Significant / Not
Significant
Significant

Not Significant

Onset

Amplitude

Cz

Pz

3dB Deviance

Mean

(msec)

1.666

1.746

S.D.

0.991

1.032

Range

(msec)

.54-2.45

.66-3.33

5dB Deviance

Mean

(msec)

2.274

2.405

S.D.

1.749

1.613

Range

(msec)

.39-8.86

.45-5.13

lOdB Deviance

Mean

(msec)

2.345

2.132

S.D.

1.852

1.743

Range

(msec)

.55-4.96

J24-7.61
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It can be inferred from table B2 that there was no significant difference

seen between both electrode placements (F = 0.09, P = NS) for onset

amplitude.

Table B3 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size = 60

From table. B3 it can be inferred that the difference in means of 3dB &

5dB was statistically significant where as that for lOdB was not.

Graph 3 :

Mean ( ± SEM) MMN onset amplitude at Cz as a function of intensity

deviance.

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

1.7035

2.1885
0.081

2

2.4393
2.1885
0.340
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Peak and Offset Amplitude :

Table B4 : Mean, SD and Range values of Peak amplitude for the three

deviant conditions at both electrode placements.

Table B5 : Mean, SD and Range values of Offset amplitude for the three

deviant conditions at both electrode placements.

On inspection of data in table B4 and B5 and Graph 4 it can be seen

that there was a gradual increase in mean values of both Peak and Offset

amplitude with increasing deviance . This progressive increase seen in both

the amplitude measures were statistically significant.

(Peak amplitude , F = 9.619, P = 0.004 and offset amplitude, F = 6.225, P =

0.00).

Table B 6 : Results of 2 way ANOVA for peak amplitude

F Ratio, P Values are depicted for both condition and electrode placement.

Peak amplitude

Intensity Deviance
(Condition)
Placement

F Ratio

9.616

.826

P Value

0.000

.364

Significant / Not
Significant
Significant

Not Significant

Offset

Amplitude

Cz

Pz

3dB Deviance

Mean

(msec)

2.422

2.633

S.D.

2.025

1.813

Range

(msec)

.47-7.22

.53-6.06

5dB Deviance

Mean

(msec)

2.653

2.652

S.D.

1.679

1.865

Range

(msec)

.23-6.43

.03-5.09

lOdB Deviance

Mean

(msec)

3.077

3.349

S.D.

2.655

2.804

Range

(msec)

.36-8.83

.61-9.04

Peak

Amplitude

Cz

Pz

3dB Deviance

Mean

(msec)

1.673

1.559

S.D.

1.005

.879

Range

(msec)

.22-3.71

.04-3.04

5dB Deviance

Mean

(msec)

2.219

2.003

S.D.

1.247

1.215

Range

(msec)

.48-3.49

.22-3.21

lOdB Deviance

Mean

(msec)

2.699

2.528

S.D.

2.035

1.799

Range

(msec)

.09-8.24

.15-7.73
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Table B7 : Results of 2 way ANOVA for Offset amplitude

F Ratio, P Values are depicted for both condition and electrode placement.

From table B6 and B7 it can be inferred that there was no significant

change seen in peak and offset amplitude at both the electrode placements

Peak amplitude (F = 0.826, N S ) , Offset amplitude (F = 0.017, NS)

Table B8 : Results of Duncans multiple range post hoc analysis wi th

harmonic mean sample size = 60

Table B9 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size = 60

From table B8 it can be inferred that the means of 3dB , 5dB and lOdB

differ significantly from each other.

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

2.3923
2.6525

0.463

2

2.6525
3.2127
0.114

Comparison

3dB deviance
5dB deviance
lOdB deviance
Significance

N

60
60
60

Subset
1

1.6160

.550

for alpha =
2

2.113

1.000

3.05
3

2.6133
1.000

Offset amplitude

Intensity Deviance
(Condition)
Placement

F Ratio

6.255

.17

P Value

0.00

.896

Significant / Not
Significant
Significant

Not Significant
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From Table-B9 it can be inferred that the mean 3dB, differed

significantly from that of lOdB where as the mean for 5dB did not differ

significantly from 3dB or lOdB.

Graph 4 :

Mean (± SEM) MMN peak amplitude and offset amplitude at Cz as a function

of intensity deviance.

The findings in the present study regarding the amplitude measures

reveal that the amplitude measures increased with increasing deviance and

these findings are in concurrence with the few studies reported earlier in

literature (Cs'epe, 1995 ; Naatanen et. al., 1989a). Cs'epe (1995) reported that

the MMN amplitude measures depend on the stimulation parameters and the

degree of deviance. In addition Naatanen et. al., (1989a) also reported that the

amplitude of MMN increases proportionally to the magnitude of the stimulus

deviation upto a plateau at 10% deviation. They further opined that infrequent

decrements in stimulus intensity elicited MMN with larger amplitude for
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softer deviance stimulus, in other words for larger deviance between the

standard and deviant.

TOTAL DURATION :

Table Cl : Mean, SD Range values of total MMN duration for the three

deviant conditions at both electrode placements.

From table Cl, & Graph 5 it is evident that the grand average values

for MMN total duration increased with increasing deviance. This increase

seen in total duration with increasing deviance was statistically significant

(F = 3.528, P = 0.001).

Table C2 : Results of 2 way ANOVA for total duration

F Ratio, P Values are depicted for both condition and electrode placement.

It can be inferred from table C2 that there was no significant difference

between both electrode placements (F = 0.05, P = NS) for total duration.

Total duration

Intensity Deviance
(Condition)

Placement (Cz/Pz)

F Ratio

3.528

0.055

P Value

0.001

0.814

Significant / Not
Significant
Significant

Not Significant

Total

duration

Cz

Pz

3dB Deviance

Mean

(msec)

60.53

63.73

S.D.

20.11

25.44

Range

(msec)

31:124

-27-125

5dB Deviance

Mean

(msec)

71.9

69.13

S.D.

36.44

29.57

Range

(msec)

27-178

26-140

lOdB Deviance

Mean

(msec)

80.333

80.9

S.D.

34.61

31.90

Range

(msec)

31-167

34-161
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Table C3 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size - 60

From table C3 it can be inferred that the means of 3dB, l0dB differed

significantly from each other. But the duration of MMN for 5dB deviation was

not significantly different from 3dB or lOdB deviation.

Graph 5 :

Mean ( ± SEM) MMN Total duration at Cz as a function of intensity

deviance.

In the present study the total MMN duration increased with increase in

deviance. However these findings are in contradictory with the earlier studies

cited in the literature. Naatanen, (1985) reported that MMN duration is

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

62.1333
70.5167

0.164

2

70.5167
80.6167
0.067
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inversely related to the degree of deviation. This probable difference in results

of the two studies can be attributed to the methodological aspects. The present

study employed an intensity deviance between the standard and deviance

stimuli. However, Naatanen, (1985) reported his finding with respect to

frequency deviance between the standard and deviant stimuli. Thus the

difference in parameter employed to elicit MMN between the studies can

account for the present contradictory result.

MMN MAGNITUDE :

The MMN magnitude (the area of MMN waveform ) was determined

in the difference waveform by multiplying MMN duration and the MMN

amplitude.

Table Dl : Mean, SD and Range values of MMN magnitude for the

three deviant conditions at both electrode placements.

On inspection of data in table Dl and Graph 6 it can be inferred that

the grand average MMN magnitude increased with increasing deviance . This

progressive increase in MMN magnitude with increasing deviance was

statistically significant ( F = 9.734, P = 0.00)

MMN

magnitude

Cz

Pz

Mean

(msec)

114.76

106.82

3dB Deviance

S.D.

9.82

9.08

Range

(msec)

12.24-347.2

20-297.1

5dB Deviance

Mean

(msec)

175.85

157.72

S.D.

1.44

1.31

Range

(msec)

27-178

26-140

lOdB Deviance

Mean

(msec)

256.82

230.62

S.D.

2.72

2.38

Range

(msec)

31-167

34-161
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Table D2 : Results of 2 way ANOVA for MMN magnitude

F Ratio, P Values are depicted for both condition and electrode placement.

From table D2 it can be inferred that there was no significant change seen in

MMN magnitude with various electrode placement Cz and Pz (F = 0.543,NS ).

Table D3 : Results of Duncans multiple range post hoc analysis with

harmonic mean sample size = 60

From table D3 it can be inferred that the means of 3dB and 5dB do not

differ significantly. However the mean of lOdB deviance do differ

significantly.

There are not many studies regarding the change in MMN magnitude

with intensity deviance. In the present study it was seen that the MMN

magnitude increased with increasing intensity deviance this can be attributed

to the increase in total duration and amplitude. The small degree of

intersubject variations (or small SD) supports the hypothesis that the area

(magnitude) of MMN to be a more reliable measure than any of the waveform

parameters (Pekkonen et. al., 1993; Mcgee et. al., 1997).

Comparison

3dB deviance
5dB deviance
l0dB deviance
Significance

N

60
60
60

Subset for alpha = 0.05
1

110.790
166.789

.052

2

243.727
1.000

MMN magnitude

Intensity Deviance
(Condition)
Placement

F Ratio

9.734

0.543

P Value

0.000

0.462

Significant / Not
Significant
Significant

Not Significant
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Graph 6 :

Mean (± SEM) MMN magnitude and offset amplitude at Cz as a function of

intensity deviance.

ii) WHETHER READING CAN CAUSE A SIGNIFICANT CHANGE

ON INTENSITY MMN

In order to investigate this Recording was done at 5dB deviance with

reading and without reading. Group grand average data given in table El

reveal that there was a slight difference in all the parameters studied between

reading Vs no reading conditions. However, this difference was statiscally

significant only for the few parameters studied. Group grand average data

given in table El reveal that there was a slight difference in all the parameters

studied between reading Vs no reading conditions. However, this difference

seen was statistically significant only for the few parameters studied.
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Wave morphology:

MMN were judged to be present by visual inspection for all the

subjects both in deviant and difference waveform. From Fig-11 it is evident

that the general wave morphology was poor with reduced amplitude and area

(Magnitude) in reading condition compared to the no reading condition Fig-

13. The peak MMN latency in the reading condition fell in the region between

170-225 msec. In case of reading condition the peak latency fell in the region

between 217-277 msec, these can be inferred from Fig-11 and 13 respectively.

Latency measures:

Table-E2 : Two way ANOVA table for onset latency, offset latency, peak

latency, F ratio, P value's are depicted for both condition and' efectrode"

placements.

Latency

Measure

Onset

Offset

Peak

Reading

(Condition)

Electrode

placement

Reading

(Condition)

Electrode

placement

Reading

(Condition)

Electrode

placement

F ratio

0.727

2.866

0.22

0.617

17.859

0.231

P value

0.396

0.93

0.883

0.434

0.00

0.632

Significant/

Not

Significant

Not

Significant

Not

Significant

Not

Significant

Not

Significant

Significant

Not

Significant
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Inspection of Table-E2 reveals that there is no statistically significant

difference seen in terms of onset latency (F=0.727, P=NS), Offset latency

(F=0.22, P=NS) between the two conditions. However, Statistically significant

difference was seen in terms of Peak latency between the two conditions

(reading Vs no reading) (F=17.859, P=0.00).

Inspection of Table-El revealed that the mean Peak latency increased

in the no reading condition compared to that of the reading condition. In

addition it can also be inferred from Table-E2 that there was statistically no

significant difference seen in terms of electrode placements for all the latency

measures.

Amplitude Measures:

Table-E3 : Two way ANOVA table for onset amplitude, offset amplitude,

peak amplitude, F ratio, P value's are depicted for both condition and electrode

placements.

Amplitude
Measure

Onset

Offset

Peak

Reading
(Condition)
Electrode
placement
Reading
(Condition)
Electrode
placement
Reading
(Condition)
Electrode
placement

F ratio

7.668

0.007

13.333

0.024

11.569

0.738

P value

0.007

0.933

0.000

0.878

0.001

0.392

Significant/
Not
Significant
Significant

Not
Significant
Significant

Not
Significant
Significant

Not
Significant
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Inspection of Table-El reveal that the mean Onset, Offset, Peak

Amplitude had greater values in the no reading condition compared to that of

the reading condition.

Inspection of Table-E3 reveals that statistically significant difference

was seen in all the amplitude measures between the two conditions (reading

Vs no reading).

• Onset Amplitude ( F= 7.668, P=0.007)

• Offset Amplitude (F= 13.333, P=0.000)

• Peak Amplitude (F= 11.569, P= 0.001).

Total Duration:

Table-E4 : Two way ANOVA table for Total Duration, F ratio, P value's are

depicted for both condition and electrode placements.

From the Table-E4 it is evident that there was statistically no significant

difference seen in terms of total duration between the two conditions(reading

Vs no reading ) (F=0.021, P=NS) and electrode placement (F=0.000, P=NS).

Total Duration

Reading

(Condition)

Electrode

placement

F ratio

0.021

0.000

P value

0.886

0.998

Significant / Not

Significant

Not Significant

Not Significant
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MMN Magnitude:

Table-E5 Two way ANOVA table for MMN Magnitude, F ratio, P value's are

depicted for both condition and electrode placements.

Inspection of Table-El reveal that there is an increase in the mean

MMN magnitude value in the no reading condition compared to the reading

condition and this increase is statistically significant which can be inferred

from table-E5 (F=8.182, P=0.005).

However there was statistically no significant difference seen in terms

of electrode placement for MMN magnitude (F=0.401, P=NS).

The present findings are in concurrence with few studies reported in

literature (Naatanen et.al., 1993b; Woldroff et. al., 1991).The decrease seen in

amplitude, latency measures, total duration and magnitude in an unattended

condition like reading in the present study is in accordance with the studies

conducted by Natanten et.al.,(1993b) and Woldroff el.al.,(1991).They

reported that MMN to intensity deviance is clearly attenuated in the absence of

attention suggesting that the intensity MMN to be vulnerable to attention.

The probable neurophysiological explanation for this change seen in an

unattended condition such as reading might be due to the attentional effects on

MMN Magnitude

Reading

(Condition)

Electrode

placement

F ratio

8.182

0.401

P value

0.005

0.528

Significant / Not

Significant

Significant

Not Significant
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the amplifying but not on the computational system of MMN generation. In

addition the distinction seen in the present study between reading Vs no

reading condition implies that even though the same amount of information is

extracted from intensity deviance by the computational mechanism, it resulted

in MMN of different sizes because of the differential excitability of the

amplifying system. This distinction seen between reading and no reading

condition can therefore explain an attentional effect on intensity MMN

suggesting that reading can cause significant change on intensity MMN. There

are not many studies regarding the effect of attention on the following MMN

parameters (viz) Onset latency, offset latency and duration.

In the present study it was found that there was no significant

difference in MMN during reading Vs no reading condition for the following

parameters (viz) Onset latency, offset latency and total duration. This is in

accordance with the results of Sams et. al., (1984), who reported that there was

no significant difference seen in total MMN duration between attended (no

reading) and unattended conditions (reading)

To summarize, the present study adds to the literature by supporting

earlier studies conducted to delineate the effects of degree of deviance

between the standard and deviant stimuli on the various MMN waveform

parameters. From the present study it can be understood that with increasing

deviance then is a significant reduction in peak latency and increase in peak

amplitude of MMN. Further more it supports the hypothesis that intensity

MMN is vulnerable to attentional changes.



SUMMARY AND CONCLUSIONS

Mismatch negativity is an auditory evoked potential component

elicited in a passive condition. The response is elicited by a deviant stimulus

presented within a series of standard stimulus. It reflects process specific to

stimulus change. As MMN reflects auditory processing of very fine stimulus

difference it provides a useful means for assesing neurophysiological

mechanisms involved in the perception of subtle speech contrasts. MMN can

be elicited by almost any kind of discriminable stimulus change like a change

in frequency, intensity, duration, spatial location and inter stimulus interval

(Naatanen, 1992).

Recent years studies have been carried on MMN by measuring and

analyzing grand averaged waveforms across healthy subjects with various

parameter variations. However, relatively few publications have described the

effects of intensity deviance on MMN (Naatanen et. al., 1989). Moreover the

effects of intensity deviance on the various MMN measures such as onset

latency , offset latency, MMN duration, offset amplitude, onset amplitude,

magnitude of MMN were not studied. However a majority of the

commercially available electrophysiological units do not have the provision

for varying the frequency in smaller steps, but intensity can be varyed in ldB

steps. A few reports indicate that the intensity MMN is vulnerable to

attentional changes (Naatanen et. al., 1993b; Woldroff et.al., 1991). But

further investigations are required to support this. In these context the present

study was planned with the aim to investigate the following :
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I. The effects of intensity deviance of 3dB, 5dB & l0dB on MMN

An attempt was made to study the effect of intensity deviances on the
following waveform parameters

1. Latency (onset, offset, peak)

2. Ampltude (onset, offset, peak)

3. Total duration

4. MMN magnitude

II. To investigate whether reading can cause a significant difference on
intensity MMN.

The MMN waves were recorded in thirty normal hearing individuals in

the age range of 18-23 years for various intensity deviance in two conditions

using Biologic auditory evoked potential system (Navigator). In the first

condition recording was done without reading for 3dB,5dB,10dB deviance. In

the second condition recording was done with reading for 5dB deviance.

Analysis of results show that there was a significant increase in onset

amplitude, offset amplitude, peak amplitude, offset latency, total duration &

MMN magnitude with increasing deviance.

The following conclusions were drawn from the study.

1. There was statistically significant increase in onset amplitude with

increasing deviance

2. There was statistically significant increase in offset amplitude with

increasing deviance

3. There was statistically significant increase in peak amplitude with

increasing deviance



4. There was statistically significant increase in offset latency with

increasing deviance

5. There was statistically significant decrease in peak latency with

increasing deviance

6. There was no statistically significant change in onset latency with

increasing deviance

7. There was statistically significant increase in total duration with

increasing deviance

8. There was statistically significant increase in MMN magnitude with

increasing deviance

9. There was a significant increase in onset amplitude, offset amplitude,

peak latency, peak amplitude and magnitude in no reading condition

compared to reading.

10. There was no significant difference observed in the onset latency, offset

latency, total MMN duration between reading Vs No reading condition.

To conclude, the results of the present study suggest that the degree of

intensity deviance has a significant effect on the various MMN measures with

greater difference seen at larger intensity deviances. However a reliable MMN

can be obtained at intensity deviance as low as 3dB. In addition there was no

difference in the waveform recorded at the various electrode placements.

Hence for clinical practice especially in cases where an immediate diagnosis

cannot be made and maximum information is desirable, efficient MMN

recording can be done for l0dB deviance either with Cz / Pz electrode

placement. Further more in most intensely focussed conditions such as

reading, the MMN to intensity change was attenuated but not fully abolished,
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suggesting a passive attentional requirement while recording MMN for

intensity deviation.

Limitations :

1. Only 5 electrodes were used

2. No EoG (Electro Occulographic) recordings were done

3. Only 3dB, 5dB, and l0dB deviance were studied

4. Reading was used as a method to deviate attention. Watching a video film

would have caused lesser occular movements.
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Appendix-I

(a) Standards for calibration of pure tone audiometer.

The following standards were used for the calibration of audiometer.

Air Conduction (Earphones) - ANSI S3 - 6 1989.

Bone Conduction (BC vibrator) - ANSI S3-26 1981.

(b) Standards for calibration for Immittance

The immittance audiometer used for the study was calibrated using the

following standards

ANSI S3 - 7 1973

ANSI S3 - 39 1987

ANSI S3-6 1969

JEC 645 1979

IEC 126 1973
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APPENDIX-II

Calibration of nHL

Normal hearing level (nHL) refers to normal threshold for click or

brief tone stimuli. 0 dB nHL varies depending on test environment and stimuli

used.

A group often normal hearing subjects (5 male, 5 females) were taken.

The behavioral threshold for clicks was estimated. The behavioral threshold

estimation was done using the same instrument and in the same test

environment as the actual ABR testing. Threshold was defined as the lowest

level at which 50% of the responses were observed. Their average behavioral

threshold was taken as 0 dB nHL for that stimulus. The nHL value obtained

for the test room was 30 dB SPL.




