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VARIABILITY OF PEAK LATENCY AND AMPLITUDE OF

THE ACOUSTICALLY EVOKED POTENTIAL
CHAPTER 1
INTRODUCTION

In.recent years, numerous tests have been designed in an effort to
determine specific sites of lesion within the auditory pathway (5, 7, 34,
35). In clinical application, these procedures have proven to be of pri-
mary value in differentiating between peripheral involvements and lesions
to thé acoustic netve’(s, 34, 35). In general, attempts to identify
sites of lesion central to the eighth nerve have been either unsuccessful
or inconclusive (5, 7, 8).

Traditionally, one of the more promising methods of assessing
higher netvoui system function has been electroencephalography (EEG). By
this means, it is poslible.to obtain an index of electroencepbnlié func-
tion which is useful in neurological diagnosis. The information from
such EEG tracings is usually derived from an analysis of the rhythmic dis-
play of on-going EEG activity. Relatively large deviations from normative
data are evident to the trained clinician who can deduce ffon them gross
loci of damage. |

In spite of their obvious diagnostic value, neither EEG results nor

information obtained from other extrasurgical diagnostic procedures have
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have been exceptionally successful in specifying loci of CNS abnormalities

of the higher acoustic pathways. In cases where the EEG procedure has
been useful in specifying site of lesion, the danag? was found subse-
quently to be limited to the cerebral cortex (2, 4, 16, 63). Obviously,
a precise extrllurgicai specification of site of lesion would facilitate
medical and surgical intervention at the earliest time.

/ A promising variant of the EEG procedure is the analysis of elec-
trical potentials evoked from the intact scalp by sensory stimuli. Since
it is known that potentials are, in fact, evoked by sensory stimuli and
can be rgcorded from a positioh over-lying the cerebral cortex, it is rea-
sonable to hypothéaize thai they may represent the neural firings of var-
icus CNS pathways and levels. It is possible that the latency and ampli-
tude of each component of an ;voked potential may be indicative of a dif-
.ferent point of origin and electrical contributions within the CNS. This
concept derives importance from the possibility that, once the pattern of
the normal evoked potential is established, deviations in the latencies
and amplitudes of specific conponinco of the response evoked from an in-
di§16u11 ﬁly provide an indicant of the location of sites of lesion within
the CNS.

If such information is to be of diagnostic iﬁpoftance, tﬁe latency
and amplitude characteristics of the evoked potentials in subjects without
auditory abnornnlitién must first be determined in order to provide the
norms against which deviations can be compared. The present study was dé-
signed to help determine such norms by specifying the'anplitude and latency
characteristics of the.acouatically evoked responsé from the 1n£act scalp
in nﬁn. Specifically, this study was deéigned to investigate and describe

the peak latencies and anplitudea of the response evoked by acoustic
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clicks as a function of time and number of stimuli at two stimulus inten-
sities. A discussion of pertinent studies of evoked potentials and the
procedural variables that affect them are presented in the following

chapter.
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CHAPTER II
REVIEW OF THE LITERATURE

The unavailability of some of the original articles concerning
the discovery and early investigation of the electrical activity of the
brainrnnde the task of reviewing the literature a rather difficult one.
In an attempt to keep the information consistent with generally accepted
historical facts, the author has relied heavily on the works of Brazier
(11). Where original works could be obtained, they were used.

The f&llowing review of the literature consists of the early his-
tory as a general introduction, then of more specific areas dealing with
evoked auditory responses in humans. Information from related areas is

discussed when considered pertinent to the present study.

History of Electroencephalography

The fact that nerves contain intrinsic forms of electricity was
first noted and published by Galvani in 1791. It was left to Du Bois
Reymond, in 1848, to demonstrate that peripheral nerve activity was
associated with an electrical change. Concerning this most important dis-
covery, Brazier has quoted Du Bois keymond:

If I do not greatly deceive myself, I have succeeded in realizing
in actuality (albeit under a slight different aspect) the hundred
years' dream of physicists and physiologists, to wit, the identi-
fication of the nervous principle with electricity.

Richard Caton, in 1875, reported "on the electrical relations of
4
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muscle and nerve"; his instrumentation consisted of a Thomson reflecting
galvnpoleter, Du Bois Reymond's electrodes, and optical magnification.
later that same year, Caton reportead a study of the possible elactrical
nctiQity of the.brain; according to Brazier, "This was the discovery of
the electroencephalogram." Even as late as the 1890's, considerable con-
tfévetsy existed over certain aspects of these early electrophysiological
studies. Her-anﬁ, for example, indicated that there ''was no such thing
as a resting potential".

Beck found that afferent stimulation, such as light (using a mag-
nesium flare) or in stinulatioﬁ to the hind leg of an animal, resulted in
a desynchronization of cortical electrical activity. Brazier has quoted
Beck as follows:

In addition to the increase or decrease in the original deviation
during stimulation of the eye with light, rhythmic oscillations
that have been previously described disappeared. However, this
phehomenon was not the consequence of light stimulation specific-

ally for it appeared with every kind of stimulation of other af-
ferent nerves,

Beck also felt that he could determine areas of cortical loéaliza-
tion by_obsetving the point of maximum negativity of the electrical act-
ivity when q_peripheral area was stimulated. Consequently, he reasoned
that he shduld be able to produce the samé shift by the use of cortical
stimulation and performed several experiments with the brains of rabbits
and dogs. In this‘uork with animals, Beck had far less success with the
auditory area than with the visual area. He reasoned that this was due
to difficulty in placing electrodes on the inner surface of the temporal
lobe; o

Some confusion exists, however, as to who vas responsible for the

initial research in the area of evoked potentials., Fleischl is reported
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to have written that his work antedated Beck's discoveries and Qn.: the
information had been deposited in a vault at the Imperial Academy of
Sciences in Vienna some seven years prior to Beck's report.

By amplifying the electrical impulses, Wedensky was able to listen
to the nerve currents which activated a telephone receiver. He indicated
that the auditory signal was extremely faint, |

Larinov, who is reported to have made some of the first observa-
tions with regard to the localization of tonalvstinuli in the auditory
cortex, concluded that the center for audition exists in the tenpordl
lobe.

According to Brazier, Kaufman, around 1910, . .V. was the first
to express the concept that an epileptic attack would be accompanied by
abnornalvdischarges and to test this postulate by exanining the potent-
ials of the brain during experimentally produced epilepsy".

Neminsky's investigation, published in 1912, was the first work
.reported to contain picéures of an electroencephalogram. Two years later,
Cybulski also presented EEG tracings.

Berger found the counterpart of Neminsky's alpha and beta waves
and suggested a change from the name of electrocerebrogram to "Elektren-
kepﬁalogramn". In referring to the work of Berger, Brazier stated:

In 1924, in the seclusion of his laboratory, he returned to search
for an electrical sign of sensory stimulation, and this time he
looked for it in man., After many technical difficulties, he suc-
ceeded the following year in recording, with a Siemens double-coil
galvanometer, the electroencephalogram of man, and in reproducing

in man the decrease in activity of sensory stimulation that Beck

_ and Neminsky had described in animals.
Adrian and Matthews (2) demonstrated conclusively that electrical

changes recorded from the scalp have their origin in the brain, and thus,

are similar to responses obtained from the cortex itself. They indicated
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that these findings substantiate the work of Berger in 1929,

Lindsley (38, 39) found that a potential recorded from the scaip
is approximately ten times smaller than one recorded from the cortex and
associated this reduction with the distancé from the cbrtex to the scalp
Vand the amount of tissue through which the potential must be conducted.
Lindsley also indicated that, as the diltancg increases, the amplitude of
the responses decreases. Domino (30), in 1964, stated that "the voltage
attenuation is approximately twenty, depending on conditions". Cobb and
Sears (18) reported that they recorded potentials from the cortex at a
Vdiatance of five to six centimeters from the scalp.

Reports of new techniques designed to complement visual analysis
of EEG data represent a sizable portion of the literature from the late
1930's to the mid-1950's. Knott (37) indicated that some of the tech-
niques designed_to complement visual analysis merely led to further vis-

‘ual analysis and that, as measuring tools, they were considerably limited.
A review of these various methods will not be covered in this paper but
may be found in another reference (63).

In 1936, Walter (57, 58) found that EEG tracings of patieﬂts with
intractlnialrtunorj had a high-voitage wave which was slower than that
found in normals, substantiating the work reported by Berger as translated
by cbbb (16). It was Walter's contention that the high-voltage, slow-wave
conponent§ of the EEG tracing came from the area directly over the tumor,
thus making possible & new technique for tumor location. Cobb (16) also
repofted that Foerster and Altenburger demonstrated that neoplastic tissue
could noﬁ of itself give rise to ﬁhe electrical activity. Foerster and
Altenburger, as well as Walter, concluded that the ;lectrical activity

must, therefore, come from the area directly surrounding the tumor.
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Several EEG techniques have been developed to aid in the location

of CNS lesions. Perhaps the earliest of these was that developed by
Adrian and Matthews (2) and later used by Walter (57) in which the scalp
| is searched electroencephalographically for an area in which the phase of
the waves is reversed. Gibbs, Gibbs, and Lennon (33) felt that the ampli-
tude of the EEG tracing was an important factor. It was indicated by the
early investigators that the potentials from numerous positions on the
scalp should be-recdrded in order to locate a lesion, Gibbs, Gibbs, and
Lennon (33) indicated that as large an area of the scalp as possible
should be encircled by the electrodes. Cobb (18), however, indicated
that, by using twelve electrodés, instead of the sixteen recommended by
Gibbs, Gibbs, and Lennon (33), the head could be covered with multiple
triangular arrangements which would give a better picture of the electri-
éal activity,

Gibbs, Gibbs, and Lennon (33) found thﬁt, occasionally, instead of
a wide-spread change in the electrical activity, only one electrode will
denonstrate the phase reversal of electrical change. Therefore, they
have suggested that the recording be duplicated with another electrode
near the point of the phase reversal and that a second recording be com-
pleted on a subsequent day to help reduce the possibility of an innaccur-
‘c:e reading.

Bagchi and Bassett (4) indicated that the use of the monopolar re-
cording technique was of the utmost value in allowing the observation of
electrical activity near a tumor, facilitating a more accurate indication
of the exact location of the tumor. |

. Cobb (16) pointed out that it is hardly possible to determine the

difference . . . between tumor, acute head injury, vascular catastrophe,
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localized cortical atrophy, or a local inflammatory condition, danmage,

dystrophy, or degeneration". He further states ". . . a nearly normal
record associated with i firm diagnosis of tumor, particularly of the
accessible parts of the hemispheres, warrants the view that tﬁe‘lelion
is probably benign".

Statistics vary regarding the reliability of EEG in the determina-
tion of a tumor site. It was reported by Yeager and Baldes (64) that 86%
of the lesions of a superficial nature can bgllocated. Gibbs, Gibbs, and
Lennon (33) have written that, on qonfirned cases, 90% were located cor-
rectly. Cobb (16) indicated that thirty?one of thirty-three caaéa vere
deternined with reasonable accuracy; the cases reported were those in-

volving cortical tumors only.

Auditory Assessment by EEG
P. A, Davis (22) and H. Davis, et al. (21) have demonstrated that

changes occur in an EEG tracing as a result of stimulation by acoustic
signals. The former described long latency responses to auditory, visual,
and somatic stimulation in awake and sleeping subjects. Responses tended
to be greatest in amplitude at the vertex gnd were represented diffusely
over the scalp. . It was also demonstrated by P. A, Davis that the potent-
1&13';ncreile in amplitude and decrease in latency as the stimulus inten-
sity is 1ncté¢§ed. |

Doerfler (29) and Narcﬁs (41) denonsﬁrated some degree of success
in determining auditory Qensitivity thfesholds by nean# of the EEG Cech;
nique. Doerfler, however, found thﬁt the EEG records were igordinately
complex and unwieldy, ;equired excessive analysis after the completion of

the testing procedure, and often did not yield a threshold measure which
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could be interpreted reliably.

Perl (46) found a reasonably high correlation between speech re-
ception testing and the EEG response to auditory stimuli recorded in sleep
from subjects with ﬁearing losses. At approximately the same time, Derby-
shire and Frazier (26) reported a complex waveform response to acoustic
) stimulation in subjects who were in light stages of sleep. The authors
were able to obtain thresholds from twenty-two subjects which agreed

within £ 18 dB with the thresholds obtained by standard audiometry.
Withrow and Goldstein (62) reported thresholds ffou hard-of-hearing child-
ren that fell within ¥ 10 dB of thresholds obtained in a routine audio-
metric manner.

Mills, et al. (44) discussed a procedure called the "area-centroid
method”, which they say ". . . had objectivity, reproducibility, and pre-
cision, . ." in providing recognition of evoked potentials that are pre-
sented in on-going EEG tracings. In this -ath;d; the ‘area under the
middle of the curve of the evoked potential is subtracted from the portion
of the non-stimulated area of the tracing_and the difference is then used
as an indication of the presence or abaehce of a rgsbonse. According to
these authors, the evoked potential responses probably last for several
seconds after the presentation of the stimulus and sleep states of the
subjects do not seem t§ alter an observer's ability to detect evoked re-
sponses. It is further reported that consistent responses were obtained
with 10 dB of the subjects' voluntary thresholds.

Webb, 55‘31.1(863 presented information obtained by using cu-going
EEG procedures on four groups of mentally retarded children, classified

on the basis of the results of previous audiological and otological tests:

(a) normal-hearing patients with thresholds of no poorer than 20 dB or
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less hearing level, (b) hearing-loss patients with thresholds of poorer

than 20 dB HL, or a confirmed loss by otological examination, (c) incon-
sistent responders, those who had failed a hearing test but passed it on
a retest, (d) unknown hearing status patients, those who had failed to
respond to every attempt at hearing assessment. The procedures used by
Webb and his co-workers were similar to those used by Derbyshire and
Farley (25) in testing EEG responses to auditory stimuli. Due to diffi-
éulties encountered in Iaintaining an electrode attachment to the scalp,
only three electrodes were employed and fastened by'Bentonite paste. The
authors point out that, due to the small number of electrodes used, no
attempt was -nde~to determine "cortical" pathology. Auditory stimuli
consisted of 1000-cps tones, three clicks in rapid succession, and three
consecutive live-voice presentations of the patient's name. Various .
methods were used to determine, from the EEG tracing{, the approximate
auditory threshold. The results as reported ". . . indicate that in no
case was it possible to discriminate a significant ievel between no-
stimuli presentations and the 20-dB presen:aﬁions. This was also true of
all intensity levels for th§ hearing-loss subjects'. One of the cﬁnclu-
sions 'reached by Webb and his coue.gue- vas that ", . . the utility of
the EEG-audio in differentiating subjects with hearing loss from unknown
or inconsistent categories appears to be slight".

A number of brocedurea used to facilitate the determination of
thresholds through analysis of on-going EEG responses have been reported
by Derbyshire and Farley (25), Derbyshire and McDermott (28), Doerfler
(29), Withrow and Goldstein (62), and Rosenblut (50). These authors are
in general agreement th;t the on-going EEG is of limited use in determin-

ing auditory threshold.
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Averaging Technigques Used in Determinin

Pregence of Evoked Responses

There have been various attempts to average the EEG response to
stimulus pfeseutatiou. The explicit purpose for developing an averaging
procedure was to determine more accurately the specific latencﬁ (time
after a specified event, usually the stimulus presentation) and amplitude
(voltage differeucés measured between two given points in time) of the
evoked response.

Chang (15) gave the following definition of an evoked response:

. . « the detectable electrical change of any part of the brain
in response to deliberate stimulation of a peripheral sense
organ, a sensory nerve, a point on the sensory pathway or any
related structure of the sensory system.

In an attempt to measure this electrical change, Dawson (23) de-
veloped an approach in which a number of evoked response records, simi-
larly recoréed, are superimposed on a single sheet of- paper, thus allow-
ing visual determination of the point or points at which ;he deflectiqns
are evoked with regular latency. By this technique, it is possible to
differentiate the regularly evoked potentials from the background'or
spontaneous on-going activity.

Using the Dawson technique, Abe (1) reported results which indi-
cated that the amplitude of the evoked potentials dectéased gradually as
the intensity of the stimulus was reduced. ihe latency of tﬁe evoked
potentials became shorter as the intensityvvas increased. The earliest
latency fepotted was 90 msec with the second deflection at 150 mseé. He
also foqn& that the‘évoked response was maximum at the vertex. These
‘findings support the earlier data reported ?y P. A, Davis (22).

Abe also noted that, -with the subject anesthetized with pento-

barbital sodium, the evoked response was greater in amplitude and duration
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than when no sedation was used. This increased amplitude and duration

continued until the subject was under deep anesthesia, at which time the

evoked response could not be determined by superimposed tracings. These
findings of Abe confirm the on-going BEG findings of H. Davis, et al. (21).

Suzuki and Asawa (56), uaing the Dawson technique, measured evoked
potentials to auditory stimuli from the human scalp. Positive responses
were obtained 21,7% of the time at 0 dB sensation level (SL), 65.7% of
the time at 30 dB SL, and 82.6% between 60 and 80 dB SL., The authors
concluded that the use of the superimposed technique holds promise as an
objective procedure for the determination of hearing thresholds.

Sbnglaa and Schwartz (54) used the Dawson procedure, with minor
modifications, to study the evoked responses of patients with mental dis-
orders. They reported that different mental disorders may show different
‘recovery times in the evoked response.

The Dawson technique has many advantages over the observation of
EEG actiéity over time. The inteunsity of on-going activity is generally
in the neighborhood of 10 to 50 migrovolta, whereas potentials evoked by
~acoustic stimuli are generally believed to be 5}to 15 microvolts and thus
ican be "masked" by the on-going activity (23, 54). With Dawson's tech-
nique of photographicaily averaging the response, it is possible to detect_
the very small time-locked evoked response in the presence of larger back-
grouﬁd activity.

Rogsenblith and hiprasaociates (48, 49) were among the first to use
a digital computer for averaging the evoked response. They developed a
procedure by which they averaged the voltage evoked for a specified length

of time after the ptesentatién of the stimuli. This method was used by

Rosenblith (49) and Geisler and associates (31, 32) employing acoustic
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stimuli and by other investigators with other types of sensory stiwmuli
(3, 6, 12, 14, 19, 20, 38, 51).

The u;e of an averaging ;echnique is based on the assumption that
the on-going activity, not initiated by sensory stimuli, is random in
nntﬁre and that, as such, its additive voltage at any specific post-
stimulus latency will equal zero as the number of stimuli approaches in-
finity. In the averaging technique, the stimulus onset is used as the

starting or reference point (T,) to an evoked potential. A given segment
of the on-going activity for a specific element of time (T]) can be stored

in the computer's memory and added to a second response, which also is
time-locked to the same aspects of To - T1. This process, if carried out
over enough stimulus presentations, theoretically allows the on-going

activity to cancel and the evoked response to sum,

Geisler and his associates (32), using the averaging technique
yith a digical computer to measure the evoked response to acous;ic clicks
from the s;alp of man, determined the onset of the evoked respoﬁse to be
approximately 20 msec with a peak latency of 30 msec., The amplitude and
- latency of the responses varied according to thé stimulus intehsity and
repetition rate. Threshold for appearance of a detectable average evoked
response agreed closely witﬁ the minimum intensity at which the subject
'reported hearing the auditory stimulus. Other longer latency responses
were noted which correspond with the latency of the evoked response de-
fiﬁed a§ the K-complex by H. Davis, et al, (21); however, these fesponses
were merely mentioned and not discussed by Geisler and his associates.
Their statement, "A given subject, under comparable conditions, yields
similar average résponses when he is tes*ed repeatedly', indicates little

intrasubject variability to acoustic clicks. They also noted responses
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over widely spread areas of the scalp and with bilateral representation

of response to monaural clicks. It is further reported that the onset of
the evoked potential was similar to those reported by Dawson (23) for
somatogsensory stimulation and by Brazier (12) for visual stimulation,
Geisler and his co-workers speculated that the widespread nature
of the response may indicate the deep location of the auditory cortex in
wan, They, as had several previous investigators, indicated that, as
the click intensity is increased, the amplitude of the evoked response
increases and the peak latency decreases and that, with an increase 1n.
the rate of stimulation up to ten ﬁer second, the amplitude decreases.
Also, thresholds of evoked potentials were obtained within approximately

5 dB of the psychophysical threshold.
Lowell and his colleagues (40) used a specially designed analog

computer to average the evoked responses to acoustic clicks. Although
they could measure at only three points in time afterithe presentation of
the stimulus, they were able, by varying the three points measured, to
_demonstr#te that a positive peak existed at 35 msec afte: stimulus onset.
According to Geisler (31), the early reépoﬁses to acoustic clicksv
were largest in the occipital region of the scalp. The responses were
essentially bilateral in nature and ''substantially equivalent' when mea-
sured ffon corresponding pbints on the opposite side of the head from thé
eaf stimulated. His data.indicaCed that the earliest response had a peak
negative latency of 30 msec. Codsiderable.change in the response was
evidgnﬁ with changes in the position of the subject's head, with changes
in body position, and during sleep. Geisler concluded that the 30-msec
‘response is likely to be a secondary cortical response. No attempt to

determine the variability of the evoked response in amplitude or latency
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" is mentioned, Geisler mentions latencies similar to Davis' K-complex but
focuses his attention on the first 60 msec of the response.

Bickford and his group (6) have speculated that the early responses
reported by Geisler are, in fact, myoclonic responses initiated by the |
vestibular mechanism. Borsanyi (9) also haa-contended that the early re-
sponses are myoclonic responses which are ". . . perhaps mediated through
a short cochleomuscular reflex arc . . . processed through actually the
vestibular system”. In a later report, Borsanyi and Blanchard (10) con-
cluded that ", ., . we feel that no primatj auditory potentials can be re-
corded by scalp electrodes in man by the method we discussed". They
further indicated that the ". . . responses which can be obtained are non-
specific, secondary responses with super-imposition of myogenic potent-
ials, or an orientation reflex (myogenic or cortical)". In a later arti-
cle, Cody et al. (19) reported that the late or secondary components are
present and speculate th;t these are cortical in origin and mediated by
the cochlea. |

Iﬁ is the present author's opinion that Bickford, Borsanyi, and
Blanchard resolve very little in stating that the potentials are either
"myogenic or cortical" potentials. Their findings do not eliminate either
frou contention, althéugh this was the purported purpose of their studies.
In a study by Rubm (52), a subject who had undergone bilateral ultrasonic
destruction of the labyrinth yielded excgllent evoked responses to acous-
tic stimuli., By contrait, deaf subjects with normal labyrinthine function
showed no response to acoustic stimuli. These findings suggest ﬁhat the
e&oked response is a cochleo-néu:ogénic pehnomenon rather than a vestib-
ulo-myogenic product. With aufficignt tension and an extremely high level

stimulus, a wyogenic response can likely be elicited. The present author
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does not feel that this precludes the possibility of obtaining a cochleo-

neurogenic response,
Williams and Graham (61) compared on-going EEG and computer aver-
aging techniques and concluded that:
Auditory stimulation produced an EEG pattern that was distinguish-
able from random cortical activity appearing in scalp leads.
Monopolar scalp recordings of cortical activity associated with
auditory stimulation was different in many aspects from bipolar
recordings. ’ .

These results are similar to those reported by other investigators using

both on-going EEG procedures and averaging procedures.

latency-Amplitude Aspects of the Auditory Evoked Potentials

Although it is a common practice of many authors to display photo-
graphic reproductions of their obtained results of averaged evoked re-
sponse, only a fev have reported both the latency and amplitude of the
representation. Among thoag who have labeled both parameters, there ap-
pears to be some difference of opinion regarding amplitude. However,‘the
- latency aspects appear to be fairly consistent. Keidel (36) presented
responses obtained f£ou the intact human skull which have a peak-to-peak
amplitude of approximately 7.5 nicrovolts.‘ He also presented some that
display a peak-to-peak magnitude in the nature of nine microvolts. Un-
fortunately, no indication was given of the intensity of the acoustic
stimuli used.

Bickford and his group (6) displayed amplitudes of approximately
60 to 150_nicrovoltq in components of the-evoked response with latencies
prior to 75 msec. Bickford's reported intercerebral response, using
depth electrodes, show a small eafly'éonponent (60 nse;) and a liter one

(180 msec) in the nature of 70 microvolts.
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It is interesting to note that Bickford used stimuli of approxi-

mately 130 dB sound pressure level (SPL) to evoke responses in which thé
latency shown exceeded 125 msec; he shows no late responses (170 msec).
He has stated that ". . . even these late waves (after 75 msec) disappear
vith relaxation of the neck muscles, supporting the idea of a myogenic
origin for these components". It should be pointed out that his analysis
time was 500 msec and showed no late response at 150-250 msec. This is
in contrast to his intracerebral recording, using the same level of stim-
ulation (130 dB SPL) and the same number of averaged responses (150),
where a rather large 150-&50 msec component is evident, It is also of
interest that Bickford attributed cémpdnents after 200 msec to muscle
noise. One is hard-pressed to explain the absence-of the large (70 plus
microvolts) 1ntracerébra1 response to muscle noise, whether a result of
vestibular or cochiear stimulation, in view of its apparent absence from
the intact scalp'recording. There appear to be three possible explana-
tions for this apparent inconsistency: (1) the reﬁetition rate used by
Bickford may have been so rapid as to allow the mechanism to adapt suf-
ficiently to eliminate the later firing of the neurons (although Borsahyi
reports a similar finding with a stimulus rate of one per second), (2) the
extrene.amplitude of the early component may have made it necessary to |
restrict the display amplitude to a point where an evoked potential in
the range of 5 to 30 nic;ovolts could not be obsefved, (3) perhaps a -
more likely reason for the absence of the late component is the level of
stimulation; it appears likely, in view of results reported by other in-
vestigators, e.g., Rapin (47) and Ruhm (52), that very high level stimuli
cause a diminution of the late component.

Davis (20) found the slow responsé to be present with the largest
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positive peak at 160 msec. He stated, ''The response approaches a maximum
peak-to-peak of about 8 to 10 microvolts with clicks 70 dB above subject-
ive threshold."

Williams and Graham (61), using a binaural acoustic stimuli at an
intensity of approximately 80 dB SL ln& a rate of one per 1.6 to 2.0
seconds, found evoked potentials of slightly under 20 microvolts. The
response shown in their report indicates a peak latency of 159 msec with
an amplitude of approximately 8 to 9 microvolts.

Derbyshire and McCandless (27) presented a template of the evoked

response in which the amplitude cf the late.component (P -~ N2 - P) is

approximately 50 microvolts; the iatency of theicompohent is 80 to 100

mgec for P;, 150 msec for N2, and 220-250 msec for P2. This template was

obtained from the intact scalp with an electrode placed on the left
central region in the interaural plan 3 cm lateral to the midline with
common refefence electrodes on both mastoids. Derbyshire and McCandless

also represent the positive deflection (P} and Py) as being toward the

bottom of the graph representing a downward deflection. In a later arti-
cle, McCandless and Best (43) indicate positive deflections as béing
toward the top of the graph although they make no nent1on of a change in
basic procedure. McCandless (42) has since stated that the second arti-
cle which shows the positive deflection toward the top of the graph is
correct. The amplitudes reported by McCandless and Best for their 50-dB
 binaural stimulation for an N of 13 are presented iﬁ Table 1; the heading
P-56 represents a positive peak at 56 msec post stimulus, N-95 a negative
point 96 msec post stimulus, and P-163 a positive point 163 msec post

stimulus.
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TABIE 1

MEAN LATENCIES AND AHPLITUDIS AS SHOWN BY McCANDLESS
AND BEST FOR 50-dB STIMULATION '

P-56 N-96 P-163

Latency Amplitude Latency Amplitude Latency Amplitude

Mean 56.76 9.61 96.46 21.15 163.07 39.46

SD 8.54 4.68 8.82 8.91 12.74 12.99

‘ These investigators reported the amplitudes of evoked responses
from nine subjects, in microvolts taken from the peak at N-96 to the peak

at P-163 for sensation levels of 10 dB and 50 dB, as shown in Table 2.
TABLE 2

INDIVIDUAL SUBJECT RESPONSES TO 10 AND 50 dB SL-
STIMULATION AS SHOWN BY McCANDLESS AND BEST

Subject G.M, LS. R.G. L.B. L.H. AG. J.L. J.E. NN,

10 dB 13.6 17.6 13.6 15.2 12.8 7.2 25.6 8.8 9.6

50 4B 30.4 50.4 38.4 30.4 46.4 44,0 27.2 11.2 34.4

These responses give a mean amplitude of 13.7 microvolts for the

- 10 dB SL and 34.8 microvolts for the 50 dB SL.

| McCandless and Best indicaﬁed that they weré able to obtain respdné
ses from all subjects at 10 dB SL. They add, howevef, that there were

considerable differences across subjects; one subject had a smaller
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response at 50 dB than did several subjects at 10 dB. They also show

that responses obtained at a repetition rate faster than one per two
seconds have an inhibitory effect, causing a decrease in the evoked re-
sponse amplitude. This eff?ct has also been pointed out by other invest-
igators (12, 14, 17, 31, 43).

Other investigators who have studied the latency of the evoked
response (12, 14, 59) indicate essentially the same configuration as Mc-
Candless and Best. Walter (59) reports that habituation takes place
readily; after approximately 35-50 presentations, thusAcausing a diminu-
tion'of the evoked response amplitude., It was impossible for the present
author to determine the amplitudes of the late component as reported by
Hﬁlter because no amplitude scale was given,

When obtaining evoked responses to visual stimuli from a cat,
Brazier (13) found that, by breaking down the number of stimuli into
samples of sixty:

. . & trend was seen to be developing in which the second late
wave was decreasing in amplitude; the analysis was therefore
continued to the fifth, sixth, seventh, and eighth series of
sixty responses by which time the late response died out. The
late wave, centering around 105 msec, underwent a serial change
as the animal became used to the stimulus.

Brazier further pointed out that the latency of the evoked potential
stays approximately the same as the nnnbér of stinﬁli increase. She
further indicated that as the animal changes from a drowsy state to an
awake state, the latency changes; |

Morrell, et al. (45) reported a ', . . more or less orderly se-
quence of changes. . ." in the electrical activity of the brain of a

~ rabbit in response to a noncyclic series of repetitive trains of light

flashes when each train was preceded by a tone separated from the flashes
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by a constant time interval. Using the EEG tracings, they noted three

specific stages of change in the potentials. In the first, long-lasting

stage, the acoustic stimulus elicited an over-all delynchtonization.'jfhe
second stage, which was very short, ;onetinel lasting for as few as ten
cycles, was characterized by a rhythmic wave from the visual cortex as
soon as the tone was presented an& prior'to the onset of the light flash.
The third and final stage was -jsked by the replacement of the rhythmic
response by a local desynchronization from the visual cortex area.

Rapin (47) obtained evoked responses from children with communica-
tion disorders. The latencies reported in the study are essentially the
same as those reported by other investigators. The amplitudes of the
late components reported in this study range from 5 fo 30 microvolts.
Unfortunately, it is not possible to determine the SL of the stimulus
presented by Rapin. Although she concludes that the early cdnponents ob-
tained from the neck muscles are ". . . thought to confirm Bickford's
suggestions that these waves are the results of reflex muscle contraction
in responge to the sound, and represent EMG and not cortical evoked re-
sponse. . .", it is interesting to note that Rapin goes oﬁ to report a
late conponént of approximately 30 microvolts. This component is absent
from Bickford's data except in his intracerebral recordings. Rapin con-
cludes, "Until the validity and reliability of the evoked potential tech-
nique can be established, it is unwarranted to consider clinically useful
the thresholds which were obtained."

In summary, the findings regarding on-going EEG and the averaging
techniques thus.far reported indicate that the averaging propedure shows
some promi;e as an objective technique in the evaluation of the function

of the auditory mechanism. As yet, however, the primary focus of atten-
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tion has been on the waveform of the evoked potentials, pri-nrilyblt
supra-threshold stimulation, and there has not been a careful analysis of
the amplitudes and latencies of the various components of the evoked re-
sponse. Numerous authors indicate that an increase in the magnitude of
the stimuli results in an increase in the amplitude of the evoked re-
sponse. They do not indicate whether all components of the evoked potent-
ial increase, and, if not, what the differentinl effect.across components
might be. It is also reported that an increase in intensity causes the
latency of components to decreasé; agaip; the specific differential
aspects across components are not discussed. The usefulness of future
investigations of acoustically evoked responses would be enhanced by a
description of these parameters.

The present.study was designed to investigate the variability of
latency and amplitude of the late component of the evoked potential as
measured from the scalp. A desétiption of the experimental apparatus,

subjects,.and procedures is outlined in detail in the following chapter.



CHAPTER II1
INSTRUMENTATION AND PROCEDURE

This experiment was designed to explore the characteristics of
 peak latencies and amplitudes of the human evoked audiﬁory response as a
fﬁnction of time, intensity, and number of stimuli.

The apparatus utilized in this study consisted of a network of
pulse and waveform generﬁtors, matching transformers, attenuators, head-

phones, pickup electrodes, amplifiers, computer, tape recordef, and moni-

tor oscilloscope. The pulse and waveform generators were used to produce
the auditory stimuli, which were then recorded on magnetic tape. The
tape system initiated the trigger of a pulse generator which then fed the
click through a selected matching transformer and an attenuator. The
auditory stinulusvfrom the attenuator was fed to the selected ear of the
subject via the headphone.

Each electrode attached to the scalp.of the subject went to a
high-gain, low-level pre-amplifier, then into a differential a-plifier
for additional amplification. The signal from the differential amplifier
passed through a switching circuit prior to being fed sinultaneously into

the computer, tape recorder, and monitor oscilloscope. The switch per-

mitted the computer to be supplied either with the output circuit from
the scalp leads for on-line analysis of evoked activity or with the out-

put of the tape recorder for off-line analysis of previously recorded

24
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activity.

Responses were evoked at two stimulus sensation levels, using 500
epochs (an epoch is defined as one click stimulus) at each sensation level
as a condition. Each condition was broken down into four experimental
sets consisting of 125 epochs each. The experimental data were collected
after a pilot study had been conducted to determine the length of time
that a subject could maintain a quiet position and the number of event
presentations that could be collected during an experimental session.

A detailed description of subjects, apparatus, and ptocgdute is

presented in the subsequent sections.

Subjects

Data weie collected from ten normal-hearing adults. These sub-
jects had a negative history of ear pathoiogy and a negative neurological
history. Normal hearing was defined as leac_chan 5-dB HL thresholds at
octave frequencies from 125 through 8000 cps measured bj standard air-
conduction audiometry. All subjects had completed high school and all
but two were university graduates. Subjects consisted of four males and

8ix females who ranged in age from eighteen to thirty-two years.

Apparatus

All testing was conducted in a sound-isolated, two-room suite at

the Speech and Hearing Center, Univeraity of Oklahoma Medical Center.

Screening Apparatus _
Pure-tone aud;oﬁetera (Beltone, Model 10AW or 15A) feeding either
of two air-conducted receivers (Telephonics, TDH 39, ten ohm) were used

in the audiometric tests. The acoustic output of the audiometer was
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measured with an audiometric calibration unit (Western Electric 640AA

Condensor Microphone: Western Electric-Acoustical Laboratory, Inc.,
Condensor Microphone Compliment, Type 100 D/B, or Allison Laboratory,

Model 300).

Experimental Test Apparatus
The experimental test apparaéns used in this experiment is repre-

sented by the block diagram shown in Figure 1. A square-wave pulse,
initiated by a waveform generator (Tektronix, Type 162) was recorded on
magnetic éape. This pre-recorded signal was then used to trigger the
vaveform generator which in turn triggered the pulse generator (Tektronix,
Type 161), which generated a click stimuli of .1 msec duration. These
stimuli were delivered to a test earphqne (Sharpe, Type B, Model HA-IO)
through a voltage divider network, an attenuator (Héwlett-?ackard, Model
350 AR), and an impedance-matching transformer (United Transformer Comp-
any, Model 1LS-33). These .1 msec clicks had a riﬁe time of .09 msec to
maximum amplitude at the output of the headphone. The same clicks simul-
taneously triggered the sweep of the computer. The rate at which clickp
were presented was one per two seconds.

. The electrodes which conducted the on-going electrical activity
were connected to a low-level amplifier (Tektronix, Model 122) with a
gain of 1000, This amplified signal was fed into a differential ampli-
fier (Tektronix, Model 2A63) for further amplification. The differential
amplifier gain was ddjuated to allow for maximum gain without overdriving
the computer system (maximum 3 volts). The ouﬁput of the final amplifier
was fed in parallel to a Computer of Average Transients (CAT), an FM tape

system (Mnemotron, Model 700/1400), and a four-trace monitor oscilloscope
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(Tektronix, Model 561-A scope, Type 3A74 four-trace amplifier, and Type

2B67 base)., The CAT was pre-set to analyze the incoming data over a 500-
msec period after the onset of each stimulus. The FM tape recorde; piayed
the recorded pulses which, in turn, triggered the stimuli. The four-
trace oscilloscope allowed constant monitoring of the voltage in each
channel during the experimental runs, providing constant information re-
garding attachment of the electrodes and the state of the ;ubject.- A
stimulus counter (Mnemotron, Model 562) was pre-set to count the number
of presentations so that each experimental condition included the same
number of presentations. |

An X-Y plotter (Mosley, Model 2DR-2), in conjunction with a Re-
trace Elininatbr (Mnemotron, Model 3591) was used to make a permanent
graphic record of the data analyzed by the CAT, The X-Y plotter was con-
nected in such a way that the analyzed data from the CAT's memory could
be plotted graphically on 11" by 17" graph paper. The amplitude, repre-
sented by the verticil display (Y), and the temporal aspect, represented
by the horizontal display (X), could be varied by controls both on the
computer and the X-Y plotter. It was possible, therefore, to present
the data graphically on calibrated vertical (voltage) and horizontal
(time) scales; By this means, a permanent graphic record was made of

each of the four experimental sets in each experimental condition.

Calibration Procedure

The procedure used to calibrate the system is recorded in APPEN-

DIX A.

Procedure

This experiment was déaigned to specify the characteristics of
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amplitude and latency of the auditory evoked response as a function of

time and number of stimuli. The stimuli used were acoustic clicks of .l
msec duration presented at intervals of two seconds and intensities of
20 dB and 40 dB SL. A control condition in which no stimuli were pre-
sented (silent run) was also used. Summation of éach serial 125 epochs
were defined as an experimental set; the first set consisted of the first
125 epochs, the second set of the next 125 epochs, etc. Analysis of this
method continued until 500 epochs had been analyzed. Each 500 epochs at
each SL was considered to be an experimental condition. The variability
of the evoked potential as a function of time and number of stimuli was
then annlyzed.
To facilitate this procedure, the leads from the four channels

were attached to a single scalp location. By switching to the various

channels of operation on the CAT, it was possible to observe each experi-
" mental set on a different channel without interrupting che»serial sequence
of epochs. An analysis of the serial presnetations of 125 epochs on the
various channels of the CAT was made to determine the variability over
time.

A pilot study was conducted which confirmed other investigators'
results regarding the effect of stimulus presentation rate. At a rate
of one every two seconds the likelihood of inhibiting some of the char-
acteristics of the evoked teséonsé was decreased.

The. order of presentation of SL's was determined by random qelec-
tion without replaceﬁent.. The electrode placement ﬁas on the vertex
éosition with the reference:electrode placed on nasion. Both of the SL
conditions and the silent run were completed witﬁout the electrodes being

‘removed, thus insuring that all measureménts of the evoked potential were
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recorded from the same location on a given subject.

The equipment was calibrated both before and after each experi-
mental condition. If, for any reason, the equipment was found to be out
of calibration following an experimental condition, the data were dis-
carded. ‘

Priof to initiating the test procedure, the subject's scalp was
measured with a metric rule to determine the exact location of the ver-
tex, 1,e., the intersection of a line from nasion to inion and a line
between the two pteauricular points. Prior to the placement of the elec-
trodes, the subject's scalp around the vertex was cleaned with acetone
;nd saturated with kaoline sulphate jelly to insure good electrical con-
tact. EEG paste (Bentonite paste infused with a saturated solution of
sodi&m chloride) was placed over the prepared Qertex of the scalp. Four
electrodes were then applied to this area and covered with a 2" by 2" -
surgical gauze sponge, both to prevent the electrodes from slipping and
to mitigate photoelectrical transduction. The same_procedure was used
‘in placing one reference electrode at the nasion, except that it was
cqvered with masking ﬁape._ The subject was seated in a comfortable amm
chair and instructed to respond to each click in the earphone by pressing
a button which turned on a signal light in the exgminer's room, Head-

phones were then placed on the subject's ears and threshold determined '

using the lowest intensity which yielded two out of three correct respon-
ses. The stimull were preseﬁted by an ascending intensity method from a
subthreshold level. After acuity threshold had been obtained, the sub-
ject was instructed to reﬁain awake Qnd as stiil as possible until further
notice..

Subjects were requested to be well-rested prior to participation
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in this study in order to reduce the posiibility of a subject's sleeping

during the test session. Those who reported fatigue were rescheduled.
An oscilloscope (Tektronix, Model 561-A) was used to monitor the on-going
activicy to facilitate a determination of the presence of sleep activity.

Only ons ear of each subject was stimulated. The sti‘ulus presen-
tation order was counterbalanced across subjects.

After a subject had been seated and the electrodes had been placed,
he was instructed carefully for the determination of threshold and the
experimental task. The earphones were placed on his ears and adjusted
for comfort. The subject remained seated throughout the experimental
condition. Thresholds to the auditory click, obtained using an ascending
method in 2-dB steps, were determined prior to efch change in SL. The
lowest stimulus 1nte§sity at which the subject responded to at least two
ou; of three presentations was defined as threshold. The stimulus SL was
then set according to a random schedule and the experimental condition
begun.

At the coﬁclusion of each experimental condition, the data stored
in the four channels of the CAT were plotted by the X-Y plotter under the
control of tﬁe CAT. |

In a8 silent run of the same time period as the experimentalirun, a
certain anounﬁ of noise is present, During this study, the peak-to-peak
noise levels of the silent runs did not exceed 1.6 qicrovolts. There-
fore, only components which exceeded this amplitude were considered as
;esponses for the purﬁose of this study. Other criteria for the select-
ion of evoked potentials included:

1. the response must consist of a negative-positive-negative
complex
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2. Component One of the response was the most negative point
after 40 msec

3. Component Two was the most positive point after Component
One

4, Component Three was the most negative point after Component’
Two

Experincncgl and sampling errors, as well as inter-subject vari-
ability, were mitigated by using the following controls: (1) appropriité
calibration checks prior to and following each experimental condition,
(2) an experimental condition in which no stimulus was presented, (3) the
use of young, alert, normal-hearing adults, (4) short experimental runs

to reduce fatigue.

Statistical analysis of the data was undertaken by means of a ran-
domized complete block design in which the experimental conditions br
"treatments'" were arranged in a factorial fashion (54). Each subject,
therefore, was observed under (2 x 4 x 6) 48 different experimental con-
ditions. These conditions represent &ll possible combinations of the two
sensation levels, four sets,.and six days.

It was anticipated from the pilot study, as well as from informa-
tion reported by other investigators, that each subject would not produce
data from each "treatment" ccmbination. If, however, the lack of response
a-bng subjects is assumed to be a random phenomenon and the average sub-
ject effect zero, then the mean over all responding subjects in that par-
ticular cell may be used as the observation for that cell. The error
term for the analysis of variance was chosen to be the third order inter-
action a-onk levels, sets, and days, since this interaction was thought
to be nonexistent.

These data are presented and discussed in the following chapter.



CHAPTER IV
RESULTS AND DISCUSSION

The purpose of the present investigation was to determine the
latency and amplitude of the late component of the evoked potential as
measured from the scalp.. Potentials evoked by acoustic clicks (.1 msec
duration) were recorded from ten subjects at two sensation lﬁvela, 20 dB
and 40 dB, on six different days. Criteria for subject selection in-
cluded normal auditory acuity and negative history of ear pathology and
cenﬁrii nervous system disorders. -

The effects of intensity and number of stimuli, as well as the
effect of stimulus presentation on different days was determined by pre-
senting a number of stimuli at each of two sensation levels over a period
of six days.

lLatencies of three points on the evoked potential, as well as the
peak-to-peak amplitudes, were measured and compared with data reported by
other investigitors.

Each epoch consisted of an acoustic click of .1 msec in duration.
A total of 500 epochs at each sensation level constituted an experimental
condition, each sequential 125 epochs constituting an experimental set.

The evoked response for each experimental set was averaged o§er
subjects. The ncan'data obtained from this procedure gfe'disculsed in

terms of their amplitudes and latencies, as well as in relation to find-
33
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ings reported by other investigators. The data obtained from individual

" subjects can be found in APPENDIX B. The statistical analysis tables are

located in APPENDIX D.

>Number of Responses Obtained

The number of fesponsea obtained from individual subjects summed
over days for each set-as well as marginal totals are recorded in Table 3.
A total of 50 responses were produced in the first set across subjects at
the 20-dB SL condition. Alternately atated,Aten experimeﬂtal conditions
failed to produce a response. The total number of responses across sets
at the 20-dB SL range from a high of 50, produced in the first set, to a
.low of 30, obtained in the third set. In view of the limited number of
responses obtained from subjects, it was decided that a Friedman Two-Way
Analysis of Variance (53) would be used to test for a difference between
subjects and sets. Thus, the use of ranks avoids the assumption of nor-
mality implicit in the analysis of variance. A sz of 3.54 (P> .05) was
found, indicating that the number of responses at the 20-dB SL were not
significantly different across sets.

At the 40-dB condition the total number of responses across sub-
jects ranged from a high of 58 in Sets One and Four to a low of 54 in Set
Two. The Friedman Two-Wdy Analysis yielded a sz of .8 (P>.05). Inas-
much as no significance was noted across sets at either of the two levels,
the Sign Test (53) was applied to totals of each set for the two levels.
These were found to be significantly different (P<=;05).

From the above information it can be seen that there is not a sig-
nificant decrease in the nunber of responses as-a function of number of

stimulus presentations, although'there is a significant increase in the
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TABLE 3

NUMBER OF TIMES A RESPONSE WAS PRESENT IN EACH SET AT 20-dB
AND 404B SL FOR EACH SUBJECT. REACH SET IS PART OF
A CONDITION WHICH WAS REPEATED SIX TIMES.
MAXIMUM POSSIBLE FOR ANY GIVEN
SUBJECT IN ANY GIVEN SET
IS SIX RESPONSES

Subject ' 20 dB ’ 40 dB
4 Set #lA #2 #3 #4 Set #1 #2 3 #4
1 6 4 5 5 6 6 6 6
2 6 6 4 5 6 6 6 6
3 4 6 5 5 6 6 6 6
4 1T 2 3 1 6 6 6 6
5 6 5 5 5 6 6 6 6
6 6 1 2 2 6 6 6 6
7 6 5 5 6 6 6 6 6
8 5 5 4 6 6 6 6 6
9 5 3 4 3 6 5 4 5
10 5 5 2 2 4 1 3 5

Total - 50 42 39 40 S8 S&4 55 58
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number of responses as a function of increased SL. Also it was found
that the subjects did not respond differently within either the 20-dB or
the 40-dB SL; however, a significant difference in the number of respon-
" ses across SL was found as shown by the Sign Test (P<.05).
' The data fron each set as a function of days are recorded in

Table 3. No difference was found in the number of responses across days
at either.the 20-dB or the 40-dB level (P> .,05). There was a signifi-
cant difference across subjects in the 20-dB condition (P <,05). How-
ever, no difference across subjects at the 40-dB SL condition was found
(P>.05). In view of the fact that no significant difference occurred
across days at either level, the responses vitﬁin each level were com-
bined and tested as a function of level. This test on pooled dlta-re-
sulted in a significant difference as a function of level (P ,05).

‘ From 1nspection>of the individual subject's responses icross
days (see Table 4), it can be seen that onl& two subjects did not pro-
duce an averaged evoked potential in at least one of the experimental
conditions at each level on each day. Subject Four on the fourth day
at 20-dB SL and Subject Ten on the second day at 40-dB SL failed to
yield at least one avéraged response. No subject producéd a response
for every experimental condition on every day at the 20-dB sensation
level. However, eigﬁt subjec?s pr&duced all 24 responses at the 40-dB
SL. It should be emphasized, however, that Subject Nine yielded a greater
number of responses at 20-dB on the third day and Subject Ten also pro-
duced a greater number of responses at the 20-dB SL on the second, fourth,
and sixth day than for the correspondiqg conditiuons at the 40-dB level.
Thus, it can be seen that some subjects exhibited at least as many respon-

ses at the lower sensation level as at the higher sensation level on some



TABLE 4

NUMBER OF TIMES ON A GIVEN DAY THAT A RESPONSE WAS OBTAINED

FROM EACH SUBJECT AT 20-dB AND 40-dB SL

40-dB SL

20-dB SL

-

SUBJECT

1

DAY #
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days and, in some instances, produced a greater number of responses at

the lower SL. It should be emphasized that this discussion in no way re-
flects the amplitude or latency of the responses but merely considers
whether or not a response was present in an experimental condition.

. From the above information it is concluded that not every 125
_epochs will result in an observable evoked response from all subjects
vwhen obtained by the procedure described ip this study. It is further
found that as the sensation level is increased, the likelihood of obtain-

ing a response is increased.

Latency of the Evoked Potential

The analysis_of the latency of the evoked potential are divided
into three sections, one for each component.

The mean latencies of Component One of the evoked potential ob-
tained from the ten subjects of this study are graphically presented in
Figﬁre 2. As can be seen in Figure 2 for Component One (first most nega-
tive éoint after 40-msec latency), the latencies qf the 40-dB SL ﬁotent-
ials are shorter than those evoked by thé 20-dB SL stimuli in each set.
Sets Two and Three atizo-dB show a decrease in latency with Set Four
showing a subsequent 1ncteas§ in latency. The'graphiq representation of
the latencies as a function of sets at 40-dB SL shows essentially a
étraight line. The difference between means for the two sets averages
8.53 msec. The skatiatical analysis for Component One is shown in APPEN-
DIX D. This analys;s shows that there is a significant difference Setueen
sensation levels (P <.01). There is no significant difference as a func-
tion of sets nor is there a significant linear component (P=>,05). A iack

of significance (P >.05) vasvalso found as a function of days. There was
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no significant linear component in the days source of variation. If
adaptation were prcaent, a unidirectional linear trend would be present
_ang would be shown by a significant linear component. There was no sig-
nificant difference as a function of the interactions between levels by
sets, levels by days, or sets by day;. Thus, there is not a significant
shift in latency for Component One as a function of number of stimuli pre-
sented. This finding is essentially the same as uis gtaphicaily presented
by B;azier (13). |

The mean latencies of Componeﬁt One for each of the subjects at the
two levels of stimulation are presented in Figure 3. With the exception
of Subject Four, the mean latencies of the potential elicited at 40-dB are
shorter than that elicited at 20-&3 SL. The differences range from ap-
proximately 13 msec for Sugjecc Four, in which the elicited potential to
20-dB SL is shorter than that at 40-dB SL, to the opposite extreme in Sub-
ject Six, where 20-dB SL produced a longer iaCency by some 30 msec.

It is concluded from these data.on Component Ohe, that as the in-
tensity of the stimulus is increased, a significant decrease in latency
- is present. These findings support the reports of a number of other in-
vestigators (20,’22, 43, 54, 59). It was further found that the latency
does not change significantly as a function of the numBer of stimuli pre-
sented on a giyen'ﬂay or as a functiqn of the number of days in which the
stimuli are presented. |

The latency characteristics of Component Two, as shown in Figure 4,
follow the same general pattern as those of Component One with respect to
sets and SL. The mean latency of each set for the 40-dB SL stimulus is

shorter than its corresponding 20-dB SL set. The mean difference between

the two SL's is only 3.99 msec, compared to the 8.53 msec mean difference
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between the two SL's for Component One.

The mean latencies of Component Two for each subject at both SL's
are plotted in Figure 5. It should be noted that, although the mean dif-

ference between responses obtained under the two SL's is small, only Sub-

‘jects Four and Ten exhibited 40-dB SL responses whose latencies exceeded

their 20-dB SL latencies.

The findings for Component Two with regard to statistical analysis
.are shown in APPENDIX D, There i# a significant difference between the
two SL's (P=<.05). As the intensity of the stimulus was 1ncreaséa, the'
resultant latency of Component Two decreased. The latency shift as a
function of increased SL was not as marked as that found in Component
One, but was present and supports the fiﬁdinss of previous investigators
(20, 22, 52, 54, 59). |

A lack of significance (P>.05) was found across sets. There was
not a significant linear component as a function of sets. This finding
fails to support the findings of Braziér (13), who used implanted elec-
trodes on animals and elicited response with photiclpﬁimuli.‘ If is con-
~ cluded that there is not a significant shift in iatency as a function of

sets; No significance was found as a function of days. No significant

interaction was found between levels and days, levels and sets, or days
and sets. A breakdown of the day source of'varianée did not yield a sig-
nificant F for the linear component.

The ue;n latency of Component Three as a function of sets and SL
is graphically represented in Figure 6. Examination of this graph indi-
cates that no latency difference is consistent as a function of SL.
Sets One and Four have shorter mean latencies under the 40-dB SL condition,

while Sets Two and Three have shorter mean latencies under the 20-&5 SL
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condition,

Individual latencies for Component Three are plotted in Figure 7.
Six subjects have shorter latencies under the 40-dB SL condition than
under the 20-dB SL condition, and four subjects have shorter latencies
under the 20-dB SL condition. The mean differences between the two SL
conditions range from 19 msec (Subject Four), in which the 40-dB SL re-
sponse latency was shorter, to 17 msec (Subjects Five and Ten), in which

the 20-dB SL latency was shorter.

The latency of Component Three across days was more variable than
were either Components One or Two at both sensation levels, as well as

within sets on each given day (see APPENDIX B).

The above indications are supported by the statistical analysis
for Component Three, shown in APPENDIX D. There were no significant dif-
ferenges in any of the sources of varfiation (P>.05). There was no sig-
nificant shift in latency as a function of SL for Component Three, which
is in contrast to the findings of Component One and Two. The analysis
further indicates thaﬁ there'was no shift in latency as a function of the
number of stimuli pfeaented on a given dﬁy or as a’function of the number
of days on which these stimuli were presented. A breakdown of the sets
and the days sources of variation showed no éignificant linear component

(P> .05).

OthefvinvestigaCOts have noted that an increase in stimulus inten-
sity decreases the latency of the various conponenth‘of the evoked re-
sponse. This effeét was especially salient-in 1nves;igations which were
concerned primarily with the earlier aspects of the evoked response,

i. e., the reaéonse which does not exceed 80 msec in latency. In ﬁhe

present study, the data indicated the same characteristic for Component
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s

One, which occurs at approximately 86-msec latency (see Figures 2 and 3).

The same generalized pettern also appears in Component Two (mean latency
of 145 msec) although the mean difference between the two SL's for Com-
ponent Two is not as large as that of Component One (see Figures 4 and 5).
In contrast, stimulus level did not significantly affect the latency of
COnponént Three (mean latency of 240 msec).

The present study of latencies has shown that, as the intensity
increases, the latencies of the first two components decrease signifi-
cantly (P<,05). However, the third, or last, component studied remains
unchangad as a function of the stimulus intensity. The latency of the
response to a given stimulus intensity varies considerably across sub- -
jects, whereas the variability within a given subject is somewhat less.

rd

Amplitude of Evoked Potentials, Component One-Two

The mean peak-to-peak amplitudes of Component One-Two (measured
between the negative peak referred to as latency Component One and tﬁe
positive peak referred to as latency Component Two) across sets are
graphically represented in Figure 8. Those sets in which no response was
obtained were omitted in calculating the mean amplitudes.

The mean peakrto-peak amplitu&es of Component One-Two at 20-dB SL

.range from slightly less than 4.2 microv@lts in Set One to a high of

4.3 microvolts in Set Four. The 40-dB conditioh, graphically representéd
in Figure 8, shows a greater amplitude in each of the four-sets than
occurred under 20-dB SL stimulatioﬁ. The means of the sets range from
‘'slightly less than 6.2 microvolts in Set One to 5.7 in Set Three. Fig-
ure 9 shows intersubject comparisons of mean amplitudes of all sets com-

bined, at the two SL conditions. The 20-dB SL condition ranges from a
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low of approximately 3.8 microvolts to a high of approximately 5.3 micro-

volts. The mean amplitudes at 40-dB SL are larger for each subject than
those obtained at 20-dB SL. The intersubject difierencec range from ap-
proximately .2 microvolts for Subject Nine to approximately 2.8 micro-
volts for Subject Eight, The facﬁ that the amplitude of the evoked
potentiql.increlses with an increase in stimulus level has been mentioned
by numerous authors (1, 19, 20, 21, 22, 31, 32, 44, 46, 47, 49, SO, 52,
56, 60,‘61, 62) and is supported by the present study. However, the indi-
vidual datavof each set (see APPENDIX B) show that there is considerable
intersubject and intrasubject variability. Some individual responses at
the 20-dB SL reveal a gteaﬁet amplitude than is present undet-che corres-
ponding 40-dB SL condition. This variability is refiected in individual
subject responses, examples of which are shown in APPENDIX B: Subject
Ten, sixth day, fourth set; Subject Five, first day, third set.

From the statistical analysis, shown in Table 6, there is a sig-
‘nificgnt differenée as a function of SL (P<.05) with no significant dif-
ference as a function of sets, days, or ingetactions. The graphic repre-
sentation as a function of sets.as shown in Figure 8 and.individual sub-
jects as shown in Figure 9 indicate that the 40-dB SL produced a larger |
ampiitude for Component One-Two than did the 20-dB SL stimuli. It should
be noted, however, that the reverse is sometimes found when looking at

individual subject sets.

Amplitude of Evoked Potentials, Component Two-Three

The peak-to-peak amplitude of Component Two-Three (measured between
the positive peak referred to as Component Two and the negativé peak re-

ferred to as Component Thiee) in both the 20-dB SL and the 40-dB SL con-
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ditions, as shown in Figure 10, follow a pattern similar to that of the

earlier component., The 20-dB SL condition produced less amplitude than
did the 40-dB SL in each of the four sets. Both levels follow an essen-
tially flat function across sets, with the mean amplitude for all sets
in the 20-dB SL response being 4.76 microvolts, while the mean of the
40-dB SL responses was 6.18 microvolts. The individual scores may be
located in APPENDIX B, while the grand mean for the sets with their

accompanying ranges are located in APPENDIX C,

It can be seen in Figure 11 that the amplitudes evoked by the
40-dB SL signal exceeded those obtained under the 20-dB level from each
subject, with the exception of Subject Nine for whom the reverse was

true.

As was evidenced in the amplitude of Component One-Two (see
Figure 9), the means across subjects under the 40-dB SL condit}op follow
essentially the same configuration as do those at the 20-dB SL condition.

The statistical analysis computed on Component TonThree, seen in
APPENDIX D, indicates a significant difference between the SL's (P< .0l).
No significant F ratio was obtained as a function of day or set, or for
the interaction 1e§e13 by dayé, levels-by gets, or sets by days. Neither
was a significaht linear component found in a breakdown of the day and
rset source of variance.

In>sunmary, the findings which are evident from this study indi-
cate that the likglihood of obtaining a résponse is greater as the SL
is increased. Also, as the 1ntensity.of the stimuli is increased, the
latency of Component One (negative point with latency of approximately

80 msec) and Component Two (positive point with latency of approximately

145 msec) decreases. However, the latency of Component Three (negative
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point with latency of approximately 240 msec) does not decrease as a func-

tion of an increase in intensity. Component One shows a decrease in.lat-
ency as a function of intensity increase (P<,01), The mean decrease in
latency for Component Two with the increase in intensity 1; somewhat
smaller than for Component One. From the present findings it appears that
the longer the latency of a component, the less it is affected.by an in-
crease in stimulus level. The amplitude of Component One-Two (negative
point called Compbnent One to positive point called Component Two) and the .
amplitude of Component Two-Three (positive point called Component Two to
negative point called Component Three) both increase as a function of an
increase in sensation level. As is evidenced by the individual scores
shown in APPENDIX B, fhere is considerable variability across subjects as

well as within a single subject's response.

These findings agree in general with other studies which have been
conducted using both human and animal subjects in which other sensory
modalities, as well as acouétic stimuli, were used. The fact that, as
stimulus intensity increases there is a progressively decreasing latency
~across components, has not been preVionly mentioned in the literature,

It has been suggested by Brazier (13) and Walter (59) that the
evoked response shows a marked.reduction in amplitude with an increase
in the number of stimuli presented. In addition, Brazier presented trgc-
ings which demonstrated that there is also some shift in latency for Com-
ponent Two as the number of epochs is increased. It would appear from
the data obtained in the present study, that chere‘is not a significant
qhangeAin the latency of Component One, Two, or Three as a function of
the numbér of stimuli presehted. It was fﬁrther found that there are not

significant shifts in the amplitude of any of these components as a
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function of the number of stimuli presented on a given day or as a function

of the number of days in which the stimulli were presented. These data do
not support a hypothesis of adaptation in the evoked potential as a func-
tion of intensity level and number of stimuli, when the procedure used in

the present study is employed.

If such a state of adaptation were to be evident from the tracings,
it would seem that a decrease in amplitude and/or.latency would be found.
In view of the fact that there was not a significant decrease in either
the amplitude or latency as a function of the number of stimuli, no evi-
dence has-been found supporting the presence of adaptation of the evoked .

response.

The lack of evidence of adaptation could be due to two possible
factors. The first factor which may mitigate the detection of adaptation
when, in fact, it exists, is the possibility that the scalp itself fqnc-
tions as an averager (24). Thui, even though some specific auditory
tracts may adapt, the adaptation effect on the total output of the scalp
might not be noted. The secondvposbiblé reason for not obtaining a mea-
surable amount of adaptation is the'repetition rate of one per two seconds
used in the present study.. However, the repetition rate of one per two
seconds is slower than those used by either'waiter (59) or Brazier (13).

It was shown by Allison (3), McCandless and Best (43), and by a pilot

study conducted prior to the present investigation, that a rgpetition rate
of one per two seconds does not markedly change the characterisﬁicp of
evoked responﬁes-from those obtained with much slower repetition rates.

A rate faster than one per two seconds does decrease the amplitude of the
evoked reoponsé.

It is concluded from the flndingl of the present study that Compo-
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nents One and Two decrease in latency as a function of the stimulus in-

crease, Component Three, however, does not show a significant change 15

latency with an increase in stimulus level. No significant change in
latency wes noted for any of the components as & function of number of
stimuli or number of days the stimulus was presented.

The amplitudes of Component One-Two and Component Two-Three show
a significant increase with an increase in SL of the stimulus. There is
not a significant change in the amplitude of the two components as a
function of number of stimuli or number of days in which the stimulus was

presented.



CHAPTER V
SUMMARY AND CONCLUSIONS

Conside:able information has been published recently regarding
averaging procedures which allow for a reduction of the random on-going
EEG activity and an enhancement of the specific potentials evoked by a
given set of stimuli. These studies have concentrated on a determinﬁtion
of the characteristics of potentials evoked by various types of somato-
sensofy, photic, and acoustic stimqlation. It has been fairly well estab-
lished that one can obtain an averaged evoked response from normal human
subjects with these types of stimuli, providing that the stimuli are of
sufficient magnitude. It is not yet clear, however, what specific neuro;
logical pathways are provided for the travel of the signals. Although the
latencies of the various evoked responses. have Been deﬁcribed and labeled,
there 18 little agreement regarding the amplitude and latency changes that
occur as the stimulus is changed. There is a general agreement among
authors that st;mulus intensity gnd latency are inversely related.

The Qveraging procedure has been suggested as a possible tool not:
only to determine auditory acuity, but'alao to aid in determining sites of'
lesion. However, studies have not Seen specifically conducted to deter-
mine the m#gnitude of'acoﬁstically evoked rgsponseé and the specific

‘effect on them of increased intensity, number of stimulus presentations,
and testing time in hormal-hearing subjects.

58.
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Experimenta] Design

The purpose of this study was to explore the characteristics of
peak latencies and amplitudes of the late activity of the human evoked
response to acoustic stimuli as a function of time and number of stimuli.

Evoked responses to acoustic clicks at two sensation levels (20 dB
and 40 dB) were obtained. Clicks of .1 msec durﬁtion were presented in
500 serial epochs to ten normal-hearing subjects. It was possible to di-
vide the 500 epochs into sequences of epochs of 125 each and to observe
the effect of the number of epochs over time at the two sensation le;ell.

The experimental apparatus permitted close control of pulse dura-
tion, number of stimuli presented, amplifier gain, and storing of data in
computer memory. The first 500 msec of EEG activity following each click
was time-locked, stored in the computer memory, and added algebraically
to all other responses under a given experimental condi:ion.

Each subject was tested at 20-dB SL and 40-~dB SL each.day for six
days. |

The experimental procedﬁre followed a randomized complete block
design where the experimeﬁtal conditions or ''treatments" ve;e arranged in
- a factorial fashion. Each subject was thereforg observed under (2 x &

x 6) 48 different experimental conditions. These conditions represent.
all possible combinations of the two sensation levels, four sets, jnd

the six days.

Results and Conclusions
The results of this study agree with previous findings that.-an in-
crease in stimulus intensity results in an increase in the amplitude of

the evoked response. The degree to which the amplitude increases varied
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considerably across subjects, intrasubject variability being less than
intersubject variability.

The latency of the first and second components (80 msec negativity
and 145 msec positive peak) decreased significantly as the intensity was
increased. The decrease in latency was greater for the first component
than for the second component. The third component's latency (240 msec)
did not decrease significantly as a function of stimulus level. Thus, it
would appear that, as the laténcy becomes greater, it is affected less by
variation of the stimulus level. The present author has been unable to
find any previously published work ﬁhich ﬁentions this phenomenon,

The findings of the present study do not support those ﬁtudies
reported (13, 59) in which an amplitude shift was noted as a function of
either time or number of stimuli. It should be pointed out, however,
that other studies have used stimulus repetition rates which were faster
than the repetition rate used in this study'and utilized photic, not
acoustic, stimuli. Comparisons across studies are obviously tenuous when
many unexplored variables are involved, the two greatest variables possibly
being repetition rate and the sensory modality stimulated.

The results of this study indicate that no amplitude or latency
shift occurs as a function of number of epochs presented and that inter-
subject variability is greater than intrasubject variability in both ampli-

tude and latency.

It should be emphasized that, contrary to the findings of McCand-
less and Best (43), a response was not obtain;d with every 125 eéochs.
However, as the intensity of the atinﬁlus is incréased, the likelihood of
obtaining a response increases. Perhaps the reason for the difference in

findings of the present study and the results reported by McCandless and
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Best is that the stimuli were at different SL's in the two studies.
Furthermore, the stimuli were presented monaurally in the present study,
whereas McCandless and Best used binaural stimulation which has been

found to produce larger amplitudes than monaural stimulation,

Suggestions for Additional Research

Considerable research into evoked potentials must be conducted
prior to their utilization as a clinical tool. The ability of an indi-
vidual to inhibit or amplify the evoked response must be investigated
closely. The effect of other stimulus intensities should be investigated
in order to determine not only if there is a level at wnich intersubject
and intrasubject responses are more consistent, but also whetﬁer tnere is
a level at which the subject ceases to respond to high;level stimuli.

Acoustic stimuli of variou§ durations and ffequencies shouid be
studied to determine whether there is a change in the evoked response
.across levels of these parameters. It is further suggested éhat, since
investigations of cross-modality effects have not been directed toward
an establishment of norms (3.12.13.59), normative data should be ob-
tained in order to determine the effects of inter-sensory stimﬁlatiop

on evoked potentials.
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CALIBRATION PROCEDURE

Turn equipment on end allow to warm up for one hour.

Calibrate the DC level of the 122 amplifiers.

(a)
(b)

(c)
C))

(e)

(£)

(g)

Open the inputs of all four 122 amplifiers.

Connect the output of the 122's to the input of the 561-A
scope.

Set scope to the .05 volts/div. setting.

Set the time base to 5 msec/division. With the input posi-
tion on ground, adjust the trace to the middle gradicule,
Switch input switch of the scope from ground to dc position
to determine the 122 output dc change from zero.

If there is a change from zero, switch the input position
from the ground position to the dc position and adjust the
dc level. Adjust the dc level on the 122 until the trace
appears on the middle gradicule. Switch back to the ground
position and check for center positioning.

On the .05 range, the dc shift should not exceed 1 cm; if
it does, repeat steps (d) through (g).

Calibrate the DC balance of the 2A63 amplifier,

(a)
(b)

(c)
(d)

(e)

(£)

Open the input of the 2A63 amplifier.

Connect the output of the 2A63 to the input of the scope
amplifier.

Set the scope input to .2 volts/div. position.

With the input switch of the scope on the ground position,
adjust the trace to the middle gradicule.

Switch the input to the dc position and adjust the tracing
to the center gradicule by rotating the dc balance control
on the 2A63 amplifier. .

When this is adjusted, switch the input of the scope from
dc to ground. The trace should remain in the same position.
If the trace moves more than ¥ cm, repeat steps (d) through

(£).

Calibiate the common mode rejection.,

(a)
(b)
(c)

(d)

(e)
(£)

The output of the 122 is connected to the input of the 2A63.
The output of the 2A63 is connected to the scope inputs.

"The scope should be set at the 1 volt/div. setting and the

time base at 5 msec/div. Set the input of the scope on the
ac position,

Connect the *'calibrate out" from the scopa to the input of
the 122 amplifier using the differential amplifier patch
cord (pin 1 - shield, pins 2 and 3 common to the hot line).
With 1 volt out of the calibrate out position of the scope,
a deflection of 1 cm represents a 60,000 rejection.

To reduce the size of the common mode rejected signal, ad-
just the differential balance of the 122 amplifier for mini-
mum signal size on the monitor scope.



Step 5.

Step 6.

Step 7.

Step 8.
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Calibrate the gain of the system. '
(a) Leave everything as is connected for common mode rejection,

(b) Reduce the calibration out signal to .2 microvolt,

(c) Replace the differential amplitude patch cord with the
smplifier gain patch cord (pin 2 hot, pin 3 ground, pin 1
open) .

(d) Adjust the gain of the 2A63 so that a .2 microvolt signal
gives a 12 volt scope reading. This is equal to a gain of
60,000,

Calibrate the CAT and X-Y Plotter applying a known voltage to
the input of the CAT and then plot this on the X-Y recorder. Do
not exceed 3 volts input in this step.

Calibrate the CAT and X-Y Plotter applying one~half as much
voltage to the CAT as was applied in Step 6.

To calibrate the voltage obtained from the experimental sets,
apply the following formula. Eg is average input signal voltage
in volts.

Ag x Bp x Sc x Ry .
Eg = where the following information
c X Sg xR is known:

Ec = calibrntibn voltage in volts

Ag = amplitude of averaged input signal in inches
: or centimeters

Ac = amplitude of averaged calibration voltage in
inches or centimeters

Sg = number of sweeps for input signal
S¢ = number of sweeps for calibration voltage

Rg = vertical range switch setting when plotting the
input

Re = vertical raage switch setting when plotting the
‘calibration voltage

The calibration procedure for the CAT and X-Y Plotter were supplied

by the manufacturer's representative.
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TABLE 5

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER ONE.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE WO THREE ONE-TWO TWO-THREE
1 1 73 124 230 4.26 8.80
1 2 000 000 000 0.00 0.00
1 3 60 122 188 3.27 3.98
1 4 80 132 288 5.40 9.66
2 1 80 115 237 5.11 5.25
2 2 000 000 000 0.00 0.00
2 3 80 132 178 4.40 5.25
2 4 000 000 000 0.00 0.00
3 1 57 107 208 5.68 6.53
'3 2 82 122 213 5.96 6.53
3 3 73 137 292 5.96 6.11
3 4 62 112 253 3.98 6.25
4 1 75 127 233 3.83 6.25
4 2 71 168 193 3.41 4.12
4 3 000 000 000 0.00 0.00
4 4 70 117 218 4.54 7.24
5 1 70 157 213 2.98 4.54
5 2 60 137 223 6.67 7.10
5 3 73 128 210 5.25 5.68
5 A 93 128 215 4.54 5.68
6 1 75 127 228 3.69 4.26
6 - 2 90 112 229 2.41 5.54
6 3 87 117 213 1.99 4.76
6 4 77 112 218 4.97 3.83
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TABLE 6

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THR 20-dB CONDITION. SUBJECT NUMBER IWO.

—

e ——
LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE | TWO | THREE ONE-TWO | TWO-THREE

1 1 90 | 152 278 &.54 5.68

1 2 102 | 203 340 3.83 5.68

1 3 85 | 132 324 2.63 3.27

1 & 77 | 12 337 4.97 5.54

2 1 70 | 172 308 6.67 8.38

2 2 71| 147 293 3.83 4,54

2 3 000 | 000 000 0.00 0.00

2 4 85 | 135 323 2.27 3.69

3 1 83 | 148 230 2.56 1.99

3 2 7 | 133 | 283 3.55 4.83

3 3 86 | 148 278 3.27 3.55

3 & 65 | 158 288 6.11 8.66

& 1 91 | 142 258 2.98 2.98

4 2 8o | 157 293 &.54 &.54

4 3 000 | 000 000 0.00 0.00
4 & 000 | 000 000 0.00 0.00

5 1 72 | 153 290 3.69 &.40

5 2 77 | 138 295 2.98 2.84

5 3 82 | 168 297 3.41 2.70

5 & 87 | 128 290 3.27 4.26

6 1 70 | 163 200 6.67 6.53

6 2 80 | 165 286 3.69 4.12

6- 3 85 | 201 262 4.97 4,40

6 4 80 [ 222 367 4.83 5.40
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TABLE 7

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
~ FOR THE 20-dB CONDITION. SUBJECT NUMBER THREE,

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 000 000 - 000 0.00 0.00
| 2 90 137 202 4.97 4.26
1 3 67 153 228 3.48 6.25
1 4 80 132 252 7.10 5.68
2 1 82 138 255 3.98 4.12
2 2 77 170 245 4.40 3.55
2 3 88 135 210 3.69 4.26
2 4 93 135 215 2.41 3.27
3 1 71 155 227 3.91 3.69
3 2 77 172" 212 4.19 2.13
3 3 57 182 225 5.68 5.82
3 4. 100 188 - 238 4,26 4.40
4 1 000 000 000 0.00 0.00
4 2 65 127 197 4,69 3.69
4 3 85 147 247 5.25 4.54
4 4 000 000 000 0.00 0.00
5 1 102 148 215 3.41 3.27
5 2 87 167 - 198 5.96 4.54
5 3 65 137 182 3.69 4.12
5 4 70 147 207 5.69 4.70
6 1 70 140 227 3.27 2.70
6 2 85 160 196 2.41 3.55
6 3 000 000 000 0.00 0.00
6 4 95 137 257 3.69 ~ 4.26
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TABLE 8

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
_FOR THE 20-dB CONDITION. SUBJECT NUMBER FOUR.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE

DAY SET IN MILLISPCONDS IN MICROVOLTS
ONE WO THREE .| ONE-TWO TWO-THREE

1 1 95 153 314 3.55 4,97
1 2 000 000 000 0.00 0.00
1 3 60 126 210 3.69 3.41
1 4 000 000 000 0.00 0.00
2 1 000 000 000 0.00 0.00
2 2 000 000 000 0.00 0.00
2 3 62 | 158 210 3.83 3.38
2 4 000 000 000 0.00 . 0.00
3 1 000 000 000 0.00 0.00
3 2 86 143 218 4.97 6.11
3 3 000 000 000 0.00 0.00
3 4 000 000 000 0.00 0.00
4 1 000 000 000 0.00 0.00
4 2 000 000 000 0.00 0.00
4 3 000 000 000 0.00 0.00
4 4 000 000 000 0.00 0.00
5 1 000 | 000 000 0.00 0.00
5 2 85 132 262 5.40 4,26
5 3 000 000 000 0.00 0.00
5 4 000 000 000 0.00 0.00
6 1 000 000 000 0.00 0.00
6 2 000 000 000 0.00 0.00
6 3 95 137 285 3.27 4.83
6 4 75 168 239 3.69 3.83
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TABLE 9

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER FIVE,

: LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IR MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 72 133 242 4.97 5.68
1 2 93 178 219 3.12 5.11
1 3 60 137 172 3.98 2.70
1 4 62 173 200 3.55 3.41
2 1 95 131 252 5.11 5.68
2 2 66 137 227 2.41 4.27
2 3 61 122 227 2.56 4,12
2 4 80 167 242 4.69 4.97
3 1 98 139 260 3.27 4.40
3 2 100 122 - 238 2.41 3.83
3 3 000 000 000 0.00 0.00
3 4 110 172 233 2.56 4.26
4 1 81 147 254 5.96 5.54
4 2 000 000 000 0.00 0.00
4 3 62 148 248 4.97 5.25
4 4 82 138 270 4.40 5.82
5 1 86 147 218 4.97 5.40
5 2 95 162 212 3.62 5.68
5 3 80 151 202 3.41 4.97
5 4 000 000 000 0.00 0.00
6 1 101 168 259 5.68 6.25
6 2 82 129 170 4.40 4.26
6 3 102 138 214 3.83 3.83
6 4 82 133 194 3.27 3.41
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TABLE 10

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20~dB CONDITION., SUBJECT NUMBER SIX.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS - IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 107 148 209 3.41 3.27
1 2 000 000 000 0.00 0.00
1 3 107 184 213 3.69 2.13
1 4 102 149 244 4.83 3.69
2 1 105 162 222 - 4,12 2.41
2 2 000 - 000 000 0.00 0.00
2 3 000 000 000 0.00 .0.00
2 4 62 163 218 3.83 3.41
3 1 118 150 200 3.69 3.27
3 2 000 000 000 - 0.00 0.00
3 3 000 000 000 0.00 0.00
3 4 0090 000 000 0.00 0.00 .
4 1 107 133 . 208 3.12 3.98
4 2 92 142 203 4.26 3.27
4 3 91 168 198 3.41 4.40
4 4 000 000 . 000 0.00 0.00
5 1 113 182 207 4.54 2,56
5 2 000 000 | 000 0.00 0.00
5 3 000 000 000 0.00 0.00
5 4 000 000 000 0.00 - 0.00
6 1 75 162 293 5.54 4.69
6 2 000 000 000 0.00 0.00 -
6 3 000 000 000 0.00 0.00
6 4 000 000 000 0.00 0.00
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TABLE 11

SUBJECf IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION.

SUBJECT NUMBER SEVEN.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 107 152 268 4.83 7.10
1 2 88 135 261 3.55 5.68
1 3 000 000 000 0.00 0.00
1 4 75 145 276 6.82 5.96
2 1 107 147 223 3.41 4.40
2 2 86 172 260 3.83 2.98
2 3 . 60 126 288 3.55 3.69
2 4 102 152 273 4.12 4.40
3 1 112 139 260 3.98 4.12
3 2 000 000 000 0.00 0.00
3 3 97 164 255 5.82 6.39
3 4 82 155 265 4.97 6.39
4 1 102 133 280 3.41 3.84
4 2 85 145 250 5.40 5.82
4 3 100 147 265 4.83 5.54
4. 4 96 157 254 4.40 5.96
5 1 95 136 256 5.68 6.67
5 2 102 147 253 4.12 5.25
5 3 92 | 147 258 7.81 8.52
5 4 102 148 279 6.96 6.67
6 1 63 135 252 3.83 5.25
6 2 120 156 290 5.40 6.82
6 3 87 154 255 5.54 5.82
6 4 87 168 279 4.40 4.83
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TABLE 12

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION. SUBJECT NUMBER EIGHT,

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET . IN MILLISECONDS IN MICROVOLTS
ONE WO THREE ONE-TWO TWO-THREE
1 1 77 163 234 4,54 5.54
1 2 82 173 223 4,83 5.45
1 3 97 208 280 5.68 5.96
1 4 92 169 214 6.25 4.54
2 1 97 153 273 3.55 4,40
2 2 80 157 262 4.97 4,26
2 ‘3 85 162 247 7.10 4.70
2 4 92 173 308 7.38 5.96
3 1 77 149 236 5.25 5.54
3 2 97 175 266 3.98 4,26
3 3 81 143 203 - 5.96 5.25
3 4 96 173 223 6.11 5.54
4 1 90 162 277 4.12 4,69
4 2 87 132 253 5.40 4.54
4 3 98 149 272 4.12 4.40
4 4 85 174. 278 6.25 6.67
5 1 000 000 " 000 0.00 0.00
5 2 000 000 000 0.00 0.00
5 3 000 000. 000 0.00 0.00
5 4 97 150 213 4.83 3.55
6 1 102 165 262 4.67 4.97
6 2 79 153 244 5.40 3.98
6 3 000" 000 000 0.00 0.00
6 4 96 132 283 4,97 4.69
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TABLE 13

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 20-dB CONDITION, SUBJECT NUMBER NINE.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 102 167 188 4,54 3.83
1 2 90 126 217 4.83 5.25
1 3 110 131 217 4.83 5.68
1 4 000 000 000 0.00 0.00
2 1 112 153 183 4.26 5.68
2 2 000 000 000 0.00 0.00
2 3 000 000 000 0.00 0.00 -
2 4 112 147 - 183 - 5.11 5.68
3 1 85 167 250 &.40 4.12
3 2 105 157 236 3.98 4.54
3 3 80 151 237 5.96 4.83
3 4 95 137 227 3.98 4.97
4 1 112 132 275 4.40 6.96
4 2 90 122 182 4.97 3.98
4 3 100 132 275 3.12 5.54
4 4 000 000 000 0.00 0.00
5 1 000 000 000 0.00 0.00
5 2 000 000 000 0.00 -0.00
5 3 90 135 187 4.12 71.24
5 4 85 126 192 3.83 4.83
6 1 122 158 223 4,26 3.41
6 2 000 000 000 0.00 0.00
6 3 000 000 000 0.00 0.00
6 4 000 000 000 0.00 0.00
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TABLE 14

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 20-dB CONDITION. SUBJECT NUMBER TEN.

DAY

SET

PEAK TO PEAK AMPLITUDE
IN MICROVOLTS

ONE-TWO

TWO-THREE

OOV UVLULUNEPPLPEWWLWWLWWNRNNNN -

SLOPNMFHPLUNEDPLWNEDPWLWNEHSWNEEDWND M

LATENCY OF COMPONENT
IN MILLISECONDS
ONE WO THREE
105 156 216
80 157 197
000 000 | 000
000 000 000
000 000 000
89 161 | 210
000 000 000
79 150 227
97 132 215
000 000 000
62 | 143 209
000 000 000
98 158 205
107 168 215
92 117 173
000 000 000
62 107 203
67 163 200
000 000 000
000 000 000
65 152 212
85 157 227
000 000 000
111 162 212
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TABLE 15

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA

FOR THE 40-dB CONDITION,

SUBJECT NUMBER ONE,

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE

1 1 78 140 222 9.09 8.23
1 2 70 132 217 7.46 11.22
1 3 78 110 210 6.39 8.66
1 4 45 102 202 5.11 6.24
2 1 72 142 204 5.18 7.55
2 2 72 115 194 6.04 6.46
2 3 82 112 198 5.75 6.46

2 4 75 154 196 7.24 9.37 .
3 1 75 145 212 5.04 7.38
3 2 82 117 230 7.46 8.52
3 3 77 142 225 5.68 9.09
3 4 70 122 217 4.60 8.17
4 1 86 122 203 5.68 7.81
4 2 - 83 123 225 1.74 .6.96
4 3 72 122 220 5.68 7.38
4 4 67 160 225 8.52 7.95
5 1 75 107 200 4.40 6.10
5 2 77 122 217 6.96 4.19
5 3 55 126 228 6.67 7.95
5 4 74 119 -201 5.96. 7.38
6 1 40 127 218 7.81 6.11
) 2 80 122 198 3.27 6.96
6 3 i 117 203 6.25 7.53
.6 & 68 115 206. 6.53 8.45
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TABLE 16

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER TWO.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE TWO THREE ONE-TWO TWO-THREE
1 1 90 177 302 5.11 6.10
1 2 78 140 312 5.96 5.96
1 3 85 125 297 3.69 4.26
1 4 75 132 268 9.37 9.23
2 1 85 147 272 .5.82 5.11
2 2 70 137 303 5.60 8.73
2 3 72 163 278 6.39 6.39
2 4 76 133 278 6.54 8.52
3 1 87 ‘147 307 5.68 5.53
3 2 87 165 | 276 3.12 3.97
3 3 77 147 286 3.12 4.11
3 4 70 173 243 5.53 3.55
4 1 87 137 275 6.39 6.10
4 2 55 138 304 6.39 6.39
4 3 76 142 273 4.62 5.11
4 4 80 142 272 2 6.11 6.39
5 | 87 133 243 5.25 5.40
5 2 93 140 235 3.55 3.12
5 3 82 158 265 4.97 6.96
5 4 80 142 . 278 6.39 8.95
6 1 80 142 294 11.47 14.11
6 2 80 143 265 8.09 7.10
6 3 77 128 270 7.38 6.96
6 4 80 157 335 - 5.25 5.96
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TABLE 17
SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER THREE,

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE O THREE | ONE-TWO TWO-THREE
1 1 71 152 200 6.25 4.40
1 2 75 152 217 4.12 4.87
1 3 65 132 236 7.10 7.53
1 4 59 136 220 5.82 7.38
2 1 80 152 222 7.81 5.82
2 2 77 138 224 6.39 2.57
2 3 88 143 229 5.11 4.97
2 4 62 153 213 6.25 6.11
3 1 84 160 243 8.38 8.09
3 2 90 145 258 6.25 5.25
3 3 90 122 233 5.11 5.54
3 4 81 126 293 5.68 4.97
4 1 75 152 213 5.82 4.69
4 2 75 137 228 7.67 5.68
4 3 75 122 207 6.39 6.39
4 4 80 117 263 6.96 7.10
5 1 72 142 258 7.95 7.67
5 - 2 82 137 243 7.24 6.39
5 3 60 122 213 6.25 . 6.82
5 4 61 122 287 4.97 5.54
6 1 65 142 252 4.40 3.69
6 2 72 157 262 5.25 5.68
6 3 80 173 243 3.98 4.69
6 4 75 | 177 242 4.54 3.48




TABLE 18

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER FOUR.

/

-

| LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE O THREE ONE-TWO TWO-THREE
1 1 85 147 257 6.39 7.53
1 2 89 150 228 7.10 6.82
1 3 83 153 219 7.53 6.96
1 4 77 143 243 3.69 3.83
2 1 97 143 219 5.68 4.97
2 2 96 173 229 4.12 4.12
2 3 - 93 164 200 5.11 4.26
2 4 93 135 251 5.96 4.79
3 1 97 163 254 5.68 6.67
3 2 102 148 212 6.32 5.11
3 3 92 153 207 5.11 6.53
3 4 91 152 228 5.40 5.11
4 1 90 154 227 6.39 9.09
4 2 90 147 242 4.69 4.54
4 3 91 152 212 4.97 4.82
4 4 85 162 212 5.25 2.41
5 1 131 146 217 3.12 3.69
5 2 110. | 150 295 8.80 4.69
5 3 93 150 242 4.26 4.83
5 4 83 | 135 215 3.55 4.12
6 1 92 180 215 4.12 3.69
6 2 87 143 220 5.11 4.26
6 3 82 137 230 4.54 4.82
6 4 - 87 138 243 5.68 6.39
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TABLE 19

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER FIVE,

: LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET - IN MILLISECONDS : ' IN MICROVOLTS
ONE WO THREE ONE-TWO TWO-THREE
1 1 65 125 250 4.97 5.54
1 2 104 144 243 3.55 5.40
1 3 - 92 149 255 2.84 5.96
1 4 60 178 254 4.40 5.68
2 1 85 176 263 2.84 4,54
2 2 95 143 218 1.99 4.54
2 3 82 143 235 2.27 5.11
2 4 87 179 295 2.41 3.12
3 1 72 138 258 6.53 7.38
3 2 40 142 242 3.55 5.11
3 3 57 112 252 3.12 4.40
3 4 87 123 238 2.98 4.12
4 1 45 142 263 5.25 7.24
4 2 .72 133 218 4.83 4.54
4 3 76 138 207 5.68 5.96.
4 4 75 122 228 3.27 4.69
5 1 40 142 228 7.24 7.10
5 2 71 142 238 5.11 5.11
5 3 60 172 247 3.55 4.54
5 4 70 | 132 243 5.11 5.40
6 1 60 153 243 6.25 6.67
6 2 65 137 265 6.74 5.96
6 3 60 148 218 4.40 6.39
6 4 65 168 248 3.69 4.26
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TABLE 20

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER SIX.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE | TWO THREE ONE-TWO | TWO-THREE
1 1 64 150 302 6.53 6.25
1 2 67 149 204 3.55 4.54
1 3 67 160 210 3.55 5.18
1 4 88 150 225 4.12 5.68
2 1 72 158 238 5.68 4.76
2 2 57 157 | 223 6.11 4.54
2 3 87 163 218 6.11 6.11
2 4 77 153 198 5.54 4.19
3 1 63 153 238 6.11 6.39
3 2 87 157 263 6.18 3.41
3 3 78 153 273 6.11 4.40
3 4 87 152 227 5.68 5.40
4 1 62 142 257 6.39 6.82
4 2 72 151 222 5.82 5.96
4 3 62 142 217 5.96 7.03
4 4 67 147 204 4.97 5.89
5 1 57 143 225 6.39 5.68
5 . 2 62 153 257 6.82 5.68
5 3 52 143 215 5.82 4.83
5 4 60 | 157 243 5.68 5.82
6 1 63 149 240 6.25 5.54
6 2 66 143 208 7.10 7.10
6 3 65 137 228 5.11 6.53
6 4 66 134 238 6.96 6.53
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_ TABLE 21

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA .
_FOR THE 40-dB CONDITION. SUBJECT NUMBER SEVEN.

.|~ - LATENCY OF.COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET |~ IN MILLISECONDS , IN MICROVOLTS
ONE | TWO “| THREE |-~ ONE-TWO | TWO-THREE
1 1 85 132 251 7.95 . " 7.95
1 2 77 128 265 6.96. .'8,80,
1 3 86 133 254 7.52 - 8.66
1 4 87 134 297 7.10 1 7.95
2 1 86 138 264 9.51 - 9.80.
2 - 2 85 153 248 7.31 9.37
2 3 87 144 264 6.39 9.94
2 4 81 133 237 7.95 10,08
3 1 57 154 246 5.11 7.81
3 2 85 173 288 6.96 8.52
3 3 96 143 248 5.96 8.95
3 4 75 142 237 - 8.24 9.23
4 1 86 153 238 7.10 7.67
4 2 85 | 130 257 5.40 7.95
4 3 90 157 268 - 6.96 9.66
4 4 58 168 260 9.37 9.94
5 1 . 68 130 255 5.25 7.81
5 2 92 158 263 7.10 9.23
5 3 96 137 263 7.97 6,96
5 4 86 147 258 5.11 7,10
6 1 - 87 143 234 7.10 .8.38
6 2 57 138 249 7.95 - 8.08
6. 3 88 148 | 265 7.53 8.66
6 4 72 | 133 285 8.80 9.51




TABLE 22

SUBJECT IDENTIFICATICN AND INDIVIDUAL SUBJECT DATA

FOR THE 40-dB CONDITION. SUBJECT NUMBER RIGHT.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET _ IN MILLISECONDS IN MICROVOLTS
ONE | TWO | THREE ONE-TWO * | TWO-THREE
1 1 82 154 270 8.24 9.09
1 2 86 164 249, 9.23 8.80
1 3 80 | 162 267 8.52 8.80
1 4 77 158 259 7.24 7.24
2 1 75 157 236 7.81 8.80
2 2 66 | 147 212 8.38 7.67
2 3 70 | 156 257 8.09 7.10
2 4 85 133 257 10.93 10.65
3 1 92 163 259 8.80 7.53
3 2 82 148 275 5.68 7.38
3 3 82 178 233 8.52 7.24
3 4 82 138 270 7.24 6.67
4 1 82 158 243 9.66 7.10
4 2 82 168 269 8.95 4.69
4 3 77 163 253 10.08 7.53
4 4 92 168 243 8.09 5.96
5 1 80 145 240 8.24 6.11
5 2 82 | 142 234 5.40 4.54
5 3 72 | 157 243 9.66 6.67
5 4 86 178 253 6.53 7.67
6 1 80 | 146 217 - 8:09 6.67
6 2 86 | 157 218 6.25 ~3.98
6 3 90 | 131 262 7.24 7,24
6 4 94 | 140 255 7.38 - 8.52
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TABLE 23

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION., SUBJECT NUMBER NINE.

LATENCY OF COMPONENT PEAK TO PEAK AMPLITUDE
DAY SET IN MILLISECONDS IN MICROVOLTS
ONE | TWO- | THREE | ONE-TWO | TWO-THREE
1 1 87 128 - | 270 4.26 2.84
1 2 000 000 000 0.00 0.00
1 3 - .82 158 198 4.54 3.69
1 4 - 70 137 213 - 5.82 5.11
2 1 86 157" 268 4.69 5.68
2 2 .85 142 207 3.98 "6.82
2 3 55 132 | 162 4.40 3.27
2 4 000 000 000 0.00 0.00
3 1 62 - | 127 162 3.27 3.12
3 2 90 156 | 242 3.27 2.84
3 3 000 | 000 000 0.00° ~ 0.00
3 4 87 128 207 3.40 4.97
4 1 90 152 203 3.83 4.21
4 2 90 126 . .| 257 2,98 4.69
4 3 000 000 000 0.00 0.00
4 4 85 125 | 213 4.83 6.39
5. 1 90 147 212 4.40 4.97
5 2 66 173 223 6.11 4.97
5 3 86 163 -238 4.26 4.12
5 4 55 147 193 5.11 4.564
6 1 83 | 138 198 6.96 6.25
6 2 90 151 202 4.12 5:40
6 3 60 | 125 233 6.53 7.38
6 4 55 |.122 173 5.11 5.11
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TABLE 24

SUBJECT IDENTIFICATION AND INDIVIDUAL SUBJECT DATA
FOR THE 40-dB CONDITION. SUBJECT NUMBER TEN.

‘ LATENCY OF COMPONENT "PEAK TO PEAK AMPLITUDE

DAY SET - IN MILLISECONDS IN MICROVOLTS
ONE O THREE ONE-TWO TWO-THREE

1 1 70 | 161 245 '3.83 4,69

1 2 000 000 000 .0.00 0.00

1 3 73 148, 228 5.54 6.11

1 4 57 138 197 4,26 4,26

2 1 000 . 000 000 0.00 0.00

2 2 000 000 000 0.00 0.00

2 3 000 000 000 0.00 0.00

2 4 000 000 000 0.00 0.00

3 1 000 000 000 0.00" 0.00

3 2. 000 000 000 0.00 0.00

3 3 67 178 - 318" 6.93 5.34

3 4 78 150 . 224 3.55 3.41

4 1 76 127 203 3.97 3.83

4 2 000 000 000 0.00 0.00

4 3 000 000 000 0.00 '0.00 -

& 4 70 | 137 223 3.41 4.54

5 1 65 152 | -193 4.26 3.55

5 2 72 | 143 190 5.68 3.55

5 3 76 |- ‘168 - 250 4,26 . 3.69
5 4 95 138 218 4,26 3.83

6 1 71 162 . 227 4,97 5:25

6 2 000 000 000 0.00 0.00

6 3 000 : 000 000 0.00 . 0.00

6 4 70 - 132 . 217 - . 3.55 4.54

” .




APPENDIX C

. Mean and Range Scores for Various Components



MEAN OF INDIVIDUAL SET SCORES COMPRISING THE NUMBER OF RESPONSES, AMPLITUDES, AND LATENCIES IN EACH

SET FOR EACH SENSATION LEVEL, MEAN AND RANGE SCORES FOR LATENCIES OF COMPONENTS ONE, TWO, AND

TABLE 25

THREE, AND AMPLITUDES FOR COMPONENT ONE-TWO AND TWO-THREE FOR EACH SENSATION LEVEL

LATENCY

AMPLITUDE

Set No. R Component Component Component Component Component
#1 $#2 #3 1-2 2-3
1 50 89.46 146. 60 241.32 4.192 4.729
20 dB 2 42 85.45 150.31 235,55 4.290 4,474
3 39 81.64 146.59 232,21 4.365 4,746
4 40 86.33 150.15 249.80 4,683 5.116
x 342.88 593,65 958.88 17.530 19.065
x 85.72 148,41 239,72 4,383 4.766
Range 122-57 1 222-107 367-170 7.81-1.70 9.66-1.99
LATENCY AMPLITUDE
Set No. N Component Component Component Component Component
. : #1 92 #3 1-2 2-3
1 58 77.05 146.41 239,10 6.149 6.353
40 dB 2 54 79.41 144 .80 240,43 5.884 - 5,903
3 55 77.29 144,29 230.24 5.718 6.299
4 58 75.00 142,55 238.98 5.741 6.196
x 308.75 578,05 956.75 23.492 24,751
x 77.19 144,51 239.19 5.873 6.188
Range 131-40 180-102 335-162 11.47-1.99 14.11-2.41

z6



APPENDIX D

Analysis of Variance Tables



SUMMARY OF ANALYSIS OF VARIANCE FOR COMPONENT ONE

94

TABLE 26

Source of Degrees of Sum of Mean
Variation Freedom Squares Square F
Level 1 80278 80278 59.917 **
Day 5 6060 1212 .904
Set 3 9751 3250.3 2.425
LXD 5 16658 3331.6 2.486
LXS 3 12305 4101.7 3.061
DXS 15 47774 3184.9 2,377
Error 15 20098 1339.8
** Significant at the one per cent level of confidence.
TABLE 27
SUMMARY OF ANALYSIS OF VARIANCE FOR COMPONENT TWO
Source of Degrees of Sum of Mean
Variation Freedom Squares Square F
Level 1 16133 16133 7.372 *
Day 5 16756 3351.2 1.531
Set 3 3379 1126.3 .514
LXD 5 10187 2037.4 .931
LXS 3 9169 3056.2 1.396
DXS 15 28030 1868.7 .854
15 32819 2187.9

Error

* Significant at the five per cent level of confidence.
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TABIE 28

SUMMARY OF ANALYSIS OF VARIANCE FOR COMPONENT THREE

Source of Degrees of Sum of Me&an

Variation ¥Freedom Squares Square F
Level 1 1925 1925 .115
Day 5 59646 11929.2 1.793
Set 3 £176¢ 13922.1 2.092
LXD 5 55329 11065.8 1.663
LXS 3 40991 13663.6 2.053
DXS 15 93529 6235.3 ©.937
Error 15 99789 6652.6

No significant levels obtained at the five per cent level,

TABLE 29

SUMMARY OF ANALYSIS OF VARIANCE FOR AMPLITUDE OF
COMPONENT ONE-TWO

Source of Degrees of Sum of Mean

Variation Freedom Squares Square’ F

Level 1 2699 2699 '149.116
Day 5 - 33 6.6 . .364
Set 3 31 10.3 .569
LXD 5 117 23.4 1.292
LXS 3 137 45.7 3.29

DX S 15 323 21.5 1.187
Error ' 15 271 18.1

** Sjguificant at the one per cent level of confidence.
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TABLE 30

SUMMARY OF ANALYSIS OF VARIANCE FOR AMPLITUDE OF
COMPONENT TWO-THREE

N —————

———

Source of Degrees of Sum of Mean

Variation Freedom Squares Square F
Level 1 2233 2233 105.829 **
Day 5 - 217 43.4 2.056
Set 3 139 46.3 2.194
LXD 5 150 30.0 1.421
LXS 3 90 30.0 1.421
DXS 15 478 31.9 1.511
Brror 15 317 21.1

** Significant at the one per cent level.



