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ABSTRACT

This study attempted to examine the feasibility of using
averaged evoked cortical potentials as-a means of electro-wphysiolegi—:
cally studying temporal integration of acoustic-energy. The hypothesis
was that a linear relationship exists between the amplitude of the
evoked response and the log of stimulus duratién in milliseconds up
to 200 msecs.

The testing of the hypothesis was carried out by measuring
the peak to peak amplitudes of the averaged evoked respons‘e' to
1000 cps tones presented at 6 different durations, and at 3 different
- refractory periods, and plotting these amplitudes against the corre-
-sponding stimulus duratioﬁs, Such functions were derived for six
subjects.

The results indicated that. electro-physiologic evidence for
temporal integration is not apparent. Possible reasons for the lack

of evidence and suggestions for future research in this area are

presented.
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INTRODUCTION

The phenomenon of 1oudne‘ss has been of keen interest to many
researchers in the field of auditory acoustics, and a perusal of the
experimental literature wou}d attest to this fact. Loudness has been
defined (Davis and Silverman, 1960, p. 53) as thepsychological attri-;
bute of sound that is most closely related to intensity. In general, as
fhe intensity of the sound-increases, the loudness of that sound also
increases.

While many stud_ieé have been concerned mainly with the rela-
tionship between loudness and intensity, there also has been a long.and
continued interest in the relationship between stimulus dgrﬁ-tion and
loudness. In 1929, Bekesy published data showing that loudness. in-
creased as the stimulus duration was increased. Studies subsequent to
that of Bekesy (Hughes, 1946; Munson, 1947; Garner and Millver, 1947:
Miller, 1948; and Dallos and Olsen, 1965) have _substantiated,the
general relationship bétween loudness and duration observed by Bekesy.
All of these studies. indica‘;ed that (1) 1ogdness increased with increases
in signal duration and (2) in-av éomparison-of loudness between two
identical stimuli of equal intensity but of differi»ngdura’tions, the

stimulus having the longer duration will appear louder.
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From these two rela-t'ionships-.between intensity and-loudness,
and duration -and loudness, é_third and important relationship_follows;
This third relationship is the trading rela-’i;ionship between time and
intensity. By time-~intensity trade it is meant that a constant loudness
can be maintained for a signal twith a diminishing intensity, simply by

increasing the signal duration correspondingly. Mathematically, the

relationship can be expressed by the simple equation,
TxI=C

where T = a tirrié value, I= intensity value, and C = a constant, e} g
lou.dne;ss°

In applying this equation to loudness, one can see that it is
'p'ossible to achieve a constant loudness for two tones of different inten-
-sity by altering their durations of stimulation.

The observations on time-intensit;r trading relationship and
loudness growth have prompted researchers to make inferences about
the underlying mechanism: in.the auditory system which could accéunt
for these phenomena. Certainly, the meéhan_ical_ elementsv of the
auditory system could not account for tile loudness growth over dura-
tion and the trading between time and intensity, because the eardrum,

‘ossicles and mechanical parts of the cochlea are known to be highly

damped and would reach a maximum (Munsion, 1947, p. 586). Therefore,



the only other alternative rests with the neural mechanism of the
auditory system.

| The brilliant work of Galambos and Davis (1943) has provide;i
invaluable insight into the.'neural mechanism of loudness growtlf; as ;. :
function of intensity and time. As a result of their study, it is believed,
with considerable confidence, that the growth of 1oudln_es>s which
accompanies an increase in the intensity of the stimulus is the conse-
quence of two major changes in the response of the neural elements
(Munson, 1947, p. 586). When a sound impinges upon the ear, the
sensory cells in the cochlea initiate a series of impulses. These
pulses are propagated alohg the eighth. nerve fibers to the central
nervous system (CNS) and signai the brain ;Jf the presence of a
stimulus. When the intensity of the stimulus is increased, the rate
at which these pulses.are propagated increases and-additional sensory
cells are activated. These two changes, the increased rate at which
pulses arrive at the CNS, and the arrival of pulses over additional
nerve fibers, are the known neurological correlates fo;' the increased
loudness sensation experienced. ''It seems essential, tvherefore, if
the CNS is to make f‘ul'l't_Lse of the informatiqn poming to it f.rom.the‘
peripheral organ, that there should exist an integrating mebhanism
for counting the pulses as they arrive' (Munson, 1947, p. 586). While

the nature and location of the integrating mechanism is still obscure,
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the existence of one seems mandatory for explainirig dﬁration time and
intensi‘ty trading rglationships, Therefore, it might be of value at this
point to discuss a theoretical model of a neural integrating mechanism.
Such a model will demonstrate how obsefvé.tions of time;—-intensity .

trade are possible..

Theoretical Model of a Neural Integrator

The neural integrator in the auditory system works on the
principle of a counter. This counter has many input channels (sensory
nerve fiberé) over which electrical impulses arrive. The counter
simply counts the pulses coming over each of the channels activated
by the stimulus. The total number of pulses counted represents the
magnitude value (loudness) of the stimulus.  When the stimulus ihtenn
-sity is low, few channels are activated and the pulse rate over these
channels is low. With a higher intensity stimulus, more channels are
activated and the pﬁlse rate increases.  For example, assume that
stimulus A is of a-low intensity and that it activates five (5) channels
with a pulse rate of one pulse per ten (10) msecs. If the duration of
stimulus A is ten (10) msecs, then the counter will count a. total of
five (5) pulses--one pulse from each of the five channels (Fig. 1).
Now, assume that a second stimulus, stimulus B, is of a higher
intensity and that it activates ten (10) channels with a pulse rate of

two pulses per ten (10) msecs. If the duration of stimulus B is also
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Fig. 1. --The Neural Integrator': Modeled After a Counter
to Demonstrate Time-Intensity Trading.
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ten (10) msecsl, the counter will count tﬁventy pulses--two p.ulse‘s from -
~each of the ten channels (Fig. 1b). Without changing the intensity of
stimulus A, how would it be possible for stimulus Ar'to have a total
magnitude value equivalent to stimulus B? In order for. stimulus A to
achieve a total magnitude value of twenty pulses at-a pulse rate of one
pulse per ten msecs, the duration of stimulus A would have to be forty
(40) msecs. In forty fnseés, the counter will count four pulses from
each of the five channels activated by stimulus:A (Fig. lc). Therefore,
it is possible to attain equ_al magnitude values for both stimuli A and

B by simply altering their duration of stimulation.

The Neﬁral integré.tor model just mentioned will not, perhaps,

explain all time-intensity trade phenomena. In auditory acouétics,

the time-intensity relationship also involves transmission speed which
is related to stimulus intgnsity. The responses to more intense
stimuli travel the neural auditory pathways at speeds greater than
‘those responses elicited bir'a stimulus of lesser intensity. The main
effect on the speed probably occurs at the synapses of 1;he nerve

fibers. Thus, arrival time at the CNS of the eighth nerve'respohse

‘to acoustic stimulationcah-be»varied by Varying the intensity of the
stimulus. Although the neural integrator model pfeéen’ce_d here does
not truly explain all time—inteﬁsity trade phenorhené,, it could .account

for duration time-intensity trade in loudness growth.
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‘In the auditory system, the total number of pulses counted by
the neural integrator determines the loudness.value of the stimulus.
-Auditory temporal integration, then, refers simply to this process of
counﬁng or suxnming,the'electfical vimpuiées over a period of time
which arrive from the auditory s'enso;:y nerve fibers.

. Temporal integration of acoustic.energy has been studied
both at threshold and supra-threshold levels (Garner and Miller, 1947;
Munson, 1947; Miller, 1948; Dallos aﬁd Olsen, 1964). . These studies
point out some interesting.aspects, including some important limita-

' .tions, . of the auditory integrating mechanism.

Temporal Integration:-at Threshold

Garner and Miller (1947) studied auditory thresholds of pure
tones as a function ofv stimulus duration. . Their data revealed a 1ine:ar
relationship between the logarithm of duration and the threshold
intensity expressed in decibels (dB). Specifically, they_found that for
every log unit of stimulus duration-in milliseconds up to 200 msecs,
the threshold intensity decreased by 10 dB. For dﬁrations»longer than
200 msecs, the increase in loudness was slight and acoustic-.energy
was considered complete after one second. Other studies of integra-
tioﬁ at threshold (Bekesy, 1'929; Hughes, -1946; Pollack, 1958; Dallos .
and .Olsen, 1965) show similar résults ‘With some differences. in thé

rate of integration. The two outstanding features of integration at



threshold were the high rate of linear integration, nearly 10 dB per log
unit of duration, and the relatively long time, about 200 msecs, for
loudness to reach a near maximum value.

The fact that linear integration (and nearly-all integration) .
ceased after approximately. 200 mlsecs. was a reflection of one of the
limitations of the auditory integrating mechanism. . Miller (lé48) has
shown that for a wide-band noise stimulus presented at threéhold,
maximum loudness was achieved at a>>stimu1us duration.of 140 msecs--
.considerably shorter than the 200 msecs required for pure tones.

Also, with wide-band noise, the rate of integration dropped off to 8dB
per log unit of timé. It is known that more sensory cells -are activated
by a wide-band noirse than by'a narrow bénd. :It r_r%ight be concluded
from Miller's study that as more cells are actix'ra;ced,'_ the integrating
mechanism becomeslés s.efficient in-the integration of energy pulses.
There was also a progressive lo.ss of efficiency of integration with
successive increases in stimulus intensity as observed in studies of

temporal integration at supra-threshold levels.

Temporal Inte“.'g_ration at Supra-Threshold Levels

Munson (1947) studied 1oudhess.growth as a function of dura-
tion using pure tone s.timuli'presented at varying,inténsities,. His

" data indicated that there-was still linear integ'ratiori:at supra~-threshold



9

levels, but that the rate of linear integration became less as the inten-
-sity of the stimulus was raised.

Miller (1948) studied loudness growth as a function of duration
using wide-band noise stimuli presented at different intensity levels.
His principal finding was that maximum or constant loudness was
achieved by a high intensity noise in a time period shorter than one
achieved by a lower intensity noise. For example, he found that the
maximum loudness of a wide-band noise presented at 26 vo;lB above
threshold was reached at a duration of 140 mséc, that is, iouaness didr
not increase after the noise had been on for 140 msec. When the inten-
sity of the nois¢ was raised to 90 dB, maximum loudness was reached
at 60 msec (Fig. 2).

Wright (1965) found that the rate of loudness growth was con-

. stant above 40 dB senslation 1e‘ve1. In other words, further increases
in the intensity of the stimulﬁsabove 40 dB did not produce a change in
the rate that loudness in.creased. Below 40 dB, the rate of 1oudneés
growth increased as the intensity level of the stimulus decreased. It
was mentioned earlier that when more sensory cells were activated
either by using a wide-band noise stimulus or a stimulus of greater
intensity, the integrafing ‘mechanism. appearec'_l to become less efficient.

The fact that the rate of integration dropped off as the intensity of the
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stimulus was raised up to 40 dB might have been further evidence of
such an efficiency loss.

One may conclude, then, that the primary differences between
integration observed at supra-threshold and integration observed at
threshold are: (1) the rate of integration is less dramatic at supra-
threshold, and (2) maximum linear integration is achieved in a shorter

time at supra-threshold levels.

-0i .05 Jo 20 .50
SEC.

Fig. 2. --(Miller, 1948, p. 162) A Comparison of the
Growth of a 20 dB and 90 dB wide-band noise.
Statement of Purpose and Hypothesis
Previous studies of integration have utilized subjective thresh-
old measurements and loudness matching methods; thus, all of these
studies have been psycho-acoustic in nature. The results of these
studies manifest definitive psycho-physical evidence for integration

of acoustic energy. The purpose of the present study is to seek
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electro-physiologic evidence for auditory .temporal,vintegration, The
specific problem of this study is embodied in a larger problem c;f |
auditory acoustics--the problem of finding neuro- ..or-electro4-physiolog‘_i§
support for an observed psycho-acoustic phenomenon. |

The observations from the previous studies led to the following
‘hypotheses: First, summing or integrating over time the electrica'l
impulses coming from. the senéory fibers, then the 16nger the duration,
the greater the number of pulses integrated. Therefére, the output
voltage of the integrator’shoﬁld- increase as the sti-rnulusVdurati'on
increases. Second, if this increase were plottedzagainst'.the log of
duration, a linear relationship:would result.

The hypotheses were tésted by measuring the amplitude of the
averaged, cortically evoked, potential change in response to 1000 cps
tones of varying durations, and pldtting these amplitudes against the
logarithm of stimulus durations. It was also postulated that using.a
supraliminal stimulation level of 45 dB, some form of 1inear.ihtegra~
‘tion would be seen as evidenced by Munson's (1947) and Miller"s (1948)
.data. The methodology employed in testing these hypotheses is

described in some detail in the succeeding section.



METHODOLOGY

Six young adult subjects, ranging in age from 21-24 years,
were used in this study. The distribution of sex among the subjeéts wa s
5 males and 1 female. All the subjects derﬁonstrated normalrthre sholds

to pure tone testing.

Stimulus Co_ntrol and Presentation

A, Control——Ap‘paratp.s

- The stimulus:.used in this étudy was.-a 1000 cps pure tone gener-
ated by a Hewlett-Packard, Model 200 Ab, audiofoscillator{ The signal
from the oscillator was fed to a Grason-Stadler, Sei‘ies 829D, >e1ectronic
switch activated by a Grason-Stadler, Model 4‘71, interval timer. The
interval timer controlled the signal duration-and the time between signal
(refractory period) by triggering the electronic switch. The electronic
switch controlled the rise and decay time of the signal. In this study,
a '"fast' (approximately .1 msec) rise and..decay‘-‘time wa s ﬁsea. Such
a "fast' rise and decay time'gave the signal an essentially sqiuare wave
form as observed on a Textronix Four-Trace .osc‘i‘llosco'pe, -Type. 564.

The signal from the electronic switch Waé fed to both the oscilloscope

12
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for stimulus monitoring purposes and to a.-Hewlett Packard attenuator,
Model 350A. The attenuator was used to control the intensity of the
signal and its output was fed to PMR Permoflux circumaural-cushioned
earphones.  The sound pressure level at the earphones was calibrated
by an Allison audiometric calibration unit and attenuation of the signa.l
was found to be linear within the range of the acceptéble deviation of

+ 2 dB as prescribed by-the'Americaf.n Standards Association's calibra-

£l

tion standard.

B. Presentation .of the Stimulus

The stimulus was presented monaurally to the right ear of
each subject-at a sensation level of 45 dB. The stimulus was presented
100 times at each of. the followiné durations: (1)‘. 15 méec, (2) 25 msec,
(3) 50 msec, (4) 100 msec, (5) 150 msec, '(6')_ 200 msec. ;I‘heSe dura-
- tions are similar to those used by Garner and Mil_lér (1947). Each of
these durations was presented at refractory period.vs of 1, 5, and 10
seconds. In addition, a silent run (no stimulus) was taken of each sub- -
ject in each test session to see if there was any systematic (e. g.,
electrical line hum) signal present which wéuld affect the data to be
recorded. . Excluding :this' silent run, there wé‘re 18 éonditions”to be
tested on each subjéct. Fach of these cond.iti.ortlS'wa’s given a code

number from 1-18 (Fig. 3). Using these code numbers and a table of
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random digits, the conditions were randomized in order of presentation

for each subject (see Appendix A).

Durations ' o 'Refractory Periods

1 sec. Bisec: 10 sec
- 15 nlséc ; -1 2 3
25 msec 4 5 6
50 msec . 7 : 8 . 9
100 mseé | 10 11 |  12_
150 msec | 13 14 15
200 msec 16 17 18

Fig. 3. --Coding of Conditions

The subjects-wgre instructed to lie quietiy on a cot and to
attend vigilantly to the stimuli. After each condition, the subjects
were allowed .to talk and rise from the'cot. After fhree conditions had
been prc;:sentehd,, they were instructed to 1ea.xlfe the test room and walk
around. These periodic breaks Ilaetween.conditions served to guard
‘against fatigue since such a change 'in the physical state of the subject
can alter the electr.ophysiologic response to acoustic- stimulation

considerably (McCand,less and Best, 1966, p. 271).
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Procedure

A. The Method of Compufer AVeraging‘

The neural response to acoustic s‘ti'n‘_iullation;ré"siilfs‘ ih=‘a.‘_rapid
change in potentials along the membrane of the eighth nerve fibers and
a slower potential change in the neural cells of the auditory projection
‘areas in the cortex. These latter potential changes, though minute;
can be picked up by surface electrodes attached £o the sca-l.p, and
observed, after they have been sufficiently amplified and fed to some
recording of Write—éut system. The principle of using.€lectrodes to
pick potential changes in the brain, amplifying‘a:nd.recoi'd.ing them, is
well known in electroencepﬁalogfaphy (EEG) where the general on-
going neural activity can be observed.

However, in.the study of EEG recordings, it ié difficult to
determine if there is a neural response to acoustic stimulation, even
when the acoustic stimulus is intense. ‘The reason fc;r‘ thi'sA.difficul.ty
lies in the small amplitude of the evoked corticai potential C'hange to
any given sensory stimulus in corﬁparison with the amplitude‘ of the
random on-going neural activity. In other words, the potential changes
evoked by auditory stimuli are obscured by larger random potential
changes. Thus, EEG has not been very s(xic':c.:essAf'ulA in (lief'j‘ei'fnining-é;

response. to.acoustic stimulation. - -
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In 1954, Davwson desc;{ibed a su?nma_tion technique for the
detection of small evoked p’otentials.". Th1s _f)rinciiple of surﬁma’cion is
not new and had been applied earlier in de’tecting systematic fluctua-
tions among larger irregular ones. As aﬁ.example, Laplace, in the
eighteenth century, predicted that by averaging enough data it should
be possible to demonstrate a lunar tidé ‘in,t_he atmospheric pressure
(Dawson, 1954, p. 65). Yet it has been within only the last decade or
so that this technique of averaging has been applied to detect the small
acoustically evoked potentials as demonst_r_a_ted by Bai'l__ow '(1957.),
Geisler (1960), Lowell et al. (1961) and McCandless and Best (1961).
Such studies have been made possible by the advent of summing com-
puters of average transients (CAT):

In this preéent study, a Technical Measurement Corporafion
Computer of Average Transients, Serie_s 400 C, was used. The com-=-
puter's function in the recording of these minute a.cous_tic-aily evoked

potentials is described later in the succeeding section.

J

B. Recofding ofv the Cortical Poter_ltia;l _ ..

The poltential change evbked by fﬁe éﬁditory siénal wa s 'pi'ckedv
up by two silver disc electrodes atté.chéa'to> t-he' vér’tex of the skull of
the subject. The vertex was used as»thei pi‘ck'-up point because the

response to acoustic stimulation is best recorded there (Davis and
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Zerlin, 1966, p. 109). A referencé electrode was éttached to the sur-
face of a mastoid process and another electrode‘was.a"ctached to the
other mastoid to serve as a ground point. The-lsurface-s to which these
electrodés were 'a;ﬁ;cached Weré clear.le(-i‘tl'{lor‘o;iéhlylw;l‘t'}-l acetorie and
coated with an- electrolytic paste (a Bentonite mixture) to enhance the
recording of these minute potentials.

The potentials from the scalp were channeled to two Textronix,
Type 122, Model 151 A, low-level preamplifiers. The pass-band of
the 'preampiifiers was set at .‘2—50 cps in order to minimize the record-
ing of other extreineous sys.temafic signals such as the 60 cycle of
electrical lines. The potential at the.first preamplifiei‘ was amplified
1000 times and fed to> the second preé.mplifiei‘ where the signal was
amplified another 100 times giving é. total amplification_: value of
approximately 100, 000. |

The output from the preamplifiers was fed to the computer of
average transients. Th;a computer, triggered by the interval timer,
was set to sweep for 500 miliiseconds :-a_,ftér the onéet of the stimulus.
Thus, the sWeep of the computer was time-locked to. stimulus 'présen-
-tation. The indispensable function of thé Compqt,e;r was to sample the
incoming signal at fixed points along this 500 msec invte'rx%éa,l and to
algebraically sum. the;se potential changes recorded at eacﬂ point. The

averaged value at each point was stored in'a ''memory bin. '
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Theoretically, the avera_ged value for ma_rlysrec.or_dings atreach of

these points would be zero for a truly rarid.omi signal: 'for-a random
signal over a long-time sampling period.would register at any given
_poinf a magnitude.of positive deflections (+) equivalent to ;chat of nega-
ti,’-ve deflections (~). Therefore any systemafic deflections; such as

the potentials evoked_by auditory stimulus, .though small and submerged
in larger random ones, would appear after many ‘recordings‘rbecause
the random activity would have averaged out to zero or some minimal
value. One hundred recordings, which are 1]¢10re than sufficient to
average out the random activity to a.funcfion’élly small and insignificant
‘value (Davis and Zerlin, 1966, p. 110) were used in this study.

- The averaged and stored waveform of thg po,tentia'l changes
was fed from the computer to the Qséi,llos'c:ope'and t_he:t'ra'cer Qn’th'e
oscilloscope was photographed by an oscilloscope camera. The
amplitude of the peaks was measured in millimeters from.the photo-
graph (see Fig. 5). Siﬁce a baseline does not e_xis.t in éle'ctr'o-physiolo-
gic measurements, one rhust rel.y on these 'peék to peak measurements,
and the Nl-P2 pair is the most constant dné seen,inv response to
acoustic stimulation recorded at the've-r"’céx. A discus;ion-andvanvalys‘is,

of the N;-P, data are presented in 'the fojllow'i'ngv'chapter.\_
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RESULTS AND ANALYSES

Amplitude Measurements and Statistical Treatment

The stored, averaged response to each condition was written
out from the computer to the oscilloscope and photographed. An

example of these photographs is shown in Figure 5.

Fig. 5. --Averaged Response Curves Photo-
graphed From the Oscilloscope

The distance between the N peak, which is the first negative

(downward) deflection, and the P2 peak, which is the succeeding

20
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large positive (upward) deflection, was measured and used':as the
criterion for amplitude of response. -‘The Ny é,nd.Pz peaks arér ﬁsually
observed at 90-100 msec and 150-180 ‘Inse‘c;res‘pectively.,r These
measurements for each condition and for each of 'the subjects appear
in Appendix B.

The log of the stimulus durations and the peak to peak ampli-
tudes were plotted on X-Y coordinates respectively, in order to show
their relationship. Individual functions at each of the refractory
periods for each subject were derived by the method of léést squares.

The regression line which best. fits the data, according to the
principlée of lea.st_ équares,, is that line from,which‘the sum of the
squares of the residuals is a minimum (Guilford, 1954, p. 63). A
residual is a discrepancy between an obtained Y Value> and. the:value
predicted from its corresponding X value on the basi‘s of the equatioAn
being used (Guilford, 1954, p.. 63).. Since'it was hypothesized that a
linear relationship exists between emplitude aﬁd duratién, the general

~equation takes the form of,

.Y = a+.bX
The method of least squares was used tq determine the values of the
constants ”a'.‘, which is the Y-'-i.ntercep‘t, énd 1, thi_c"h.i'_sAthe -slape
of the regressibn»line,. in order_ that the sum of fhe obs‘e.<rv.eé;l.Y-\-7a1.ues

(Y') subtracted from the predicted Y-values (Y) Would be equal to a
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minimum. That is, least squares method determines the line where,
(Y-Y"') = a;minimum
The least squares formulae for.cor’nputing_the constants Var'e:

NEXY - (£X) (£Y) Y - b(£X)
N£X2 - £ Y2 ; 27 N

After the individual functions had been deterinined, Pearson
product-‘-moment coefficient of correlation, r, was calculated in order
to test the goodness of fit. This coefficient indicrates how well the best
fit line deséribes fhe-daté.. Specifically, Pearson’é r is the ratio of
the predicted variance in.Y to the ‘obtained t;)tal Variaﬁce inyY _(Guilford,
1954, p. 68).

While r is the coefficient of co_rrélation, rz is the coefficient
of determination and determines _’phe amount of variance.that is account-
able. That is, if X caﬁ»be-regarded as é ""cause'' of Y, then, ‘1,2 tells
what propovrtion of Y is determined by X (Guildord, 19-54, p. 68). |
Since’r2 determines the amount.of variance accounted for,_' then ln-r2
is the amounf of variance not accounted for and-is called the coefficient
of no.n—determinaﬁon. One can easily calculate r2 by- 'simplAy squaring

r which is computed by the formula,

N £XY - (£X) ( 2y)

i} VE\Iéxz’ Q_;(-_gX)‘%]'- B £v2 - ,(£Y_’)'.2j -
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The precediﬁg discus sion Qutiined the ma.n‘nexf.in.which thvev
data in this study were statisticélly trea‘tea. Graiahicél. rep'resén‘tations
of the data collected from: each of the six 'subjgcté -appear in Appendix
C.

Inspection of thé data revealed that linearity bétween ampli-
tude and log of stimulus duration from. 1_5j200 msecs was not apparent.
No sﬁbject at any %‘efractory period exhibitec’i a near 1iﬁear or even
monotonic function. Table I summarizes the statistics on the three

"most linear functions''--the three with the highest correlation values.

Table I. --Three '"Most Linear'' Functions

Subject Refractory b a T 2
1 1 sec 3.7 7 .834 .7
2 5 sec 2.9 7.5 .697 .5
5 10 sec 3.1 5.7 . 536 .29

The table shows that the best linear function attainable had a
correlationAof only .7834 between ampliiude and ‘du'i'ation, and only
~about . 7 of the variance was accounted for as indicated by r?, The A
second and third "Iﬁc;st"linear" functions show even less correlation.
In all, these statistics weré not. cor'n.pe‘l‘ling‘in térms of fhdse found in

psycho-acoustic studies of integration. .
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Despite this paucity of evidence for linear integration éf
acoustic:energy -overlp.a duration of 200 milliéeconds, éorﬁe intere‘sti.'ng-
statistics were noted in studying.in’cevgrar"cion_ up to 50 or 100 msecs.
Out of the 18 functions plotted in this study (thfee for each of the six
subjects) 6 demonstrated a strong linear rélationship between growth
of amplitude and the log of the stimulus duration up to 50 or 100 msecs.
The statistics of these 6 functions appear ih‘,Table II.
Table II. --Six Func’tién‘s:Showing ;Stréng Correlation

Between the Amplitude of Response and Dura-
tion of Stimulus up to 50 or 100 msec.

Subject ..Refractofy Duration T ' rZ
1 1 sec 15-50 msec 7975 . 950
2 1 sec 15-50 msec . 972 . 945
2 - 5 sec ©15-100'msec. "~ . 971  .943
2 1‘0 sec 1_5750 rﬁsec | . 981. | >. 962
5 10.sec 15—160 m‘sec . 830 | .. 700

6 1 sec 15-100 msec . 964.  .930

Despite the strong correlations evidenced in Table II,. it
should be noted with caution that these statistics are the best obtainable.
In addition, they are representative of only a mi‘nbr portion (1/3) of

the total data collected in this study,-
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The use of all of the data is i‘rnrpera—tivevbefore oné can make
inferences ébout tﬁe experimerifal popﬁlatibﬁ. In this study, one can
make only two general iﬁf‘erencés using'alir of the data collected:
(1) there appears to be electro-ph.ysiolo'gic.evidevnce' of integration of
acoustic energy between 15 and 25 msec, and (2) there appéars to be
a decrease in amplitude of the evoked response a-f;cer 150 msec. These
two inferences result frém an analysis orfrthe dat‘a-summ-ari'zed in
Table III.

Table III. --Direction of Amplitude Change- Between Each
Stimulus Duration for 18 Functions

Duration Interval “Amplitude Change
Increase De-crAeAasAe No ‘Measurable
' Change
15-25 msec 12 2 4
25-50 msec 9 _ .6 ‘ 3
50-100 msec 8 9 1
100-150 msec 10 o 8 - 0
150-200 msec 3 11 4

- Table III summarizes for the 18 functions whether there was
an increase, decrease, Or no méésurable chénge in the amplitude of
the evoked response between one duration and the succeeding longer

duration. The rationale for treating the data in this manner is as -
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follows. If there is no relationship.b;atweeh amplitude and stimulus
duration, then one would expect t§ find a varying distribﬁtion of
amplitude increases and decreasés in-gllo'ing'gv.f,ro?n one dﬁi‘é.tion to the
next.

The data in Table III shov&l/_that out of the total-of 18 functions,
the amplitude at 25 msec had inqreased over the amplitude recorded
using a duration of 15 msec 12 times and decreased only twice. Such
a distribution might well be indicative of integ‘ration.of acoustic énergy
over this time interval. On the other hahd,._ the intérvals.be;cween,
15-150 msec show a varying distribution; thus, nothing conclusive
concerning.the relationship between amplitude and s’gimulus duration
can be inferred. Between 150—200 msec, amplitudes of'fhe evoked
response tended to decrease, suggesting.a ''breakdown'' in the integra-
tive process.

- While V‘arying amplitudes over stimulus durantio.n fend to
characterize all the functions, two trends-emerge: (1) the apparérit
integration of acoustic energy;BétWeen 15 and 25 msec, énd (2) the
reversal of temporal integration;after 150 msec. Poééiblé explana--
tions for these two trends will be_d'iscus sed in the subsequent chapter. A

In addition to these .pe,avmk .to.peak measurerhent's, 1a}cenéy of
the Nl—PZ peaks was examinéd.. (It Vv.aé‘ noted earl‘i'erft}.;a;t. ‘1at._ency fér

these peaks appears to be'a function of intensity. It Was} considered
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in this present study that Iatency_ might also be relafced to stimulus dura-
tion because of the relatioﬁship between neural transmission time and
stimulus intensity. Since a longer stimulus has greater overall inten-
sity, does it have a faster neural trérismission SPe‘édvtﬁan"}.ai, shorter
stimulus with less total energy? Latency of the Nl-PZ peaké wa.s
measured in this study in order to determine if there was a systematic

change as a function of duration.

- Latency Measurements

The latent period between the onset of stimulation and the
appearance of the Nj and PZ peaks was measured and recorded (see
Appendix B). The Ni peak latency ranged from 707—1730 ﬁlsec~with a
median value of 100 msec. The-P2 peak latency ranged from. 160-250
msec with a median value of 200 msec. These 1a£ency ranges and
median values are similar to those reported by Davis and Zerlin
(1966) and McCandless and Best (1966). |

- Little information concvérning any integrati_ve process was
provided by these latency measurements; because of.the large variabil~
ity. No systematic changes in latency as a function of dufation w‘ere'
observed in this study.

In general, no matter how the data are analyz.ed in this sfudy,
electro-physiologic evidence fOr"é.coﬁstic integratio‘n_re‘n‘ié_i‘ined
obscured. In the ensuing chaptéf, a di‘SCussi'on of some of the events

that were observed is presented.



DISCUSSION

It is evident from the data collectéé. in.tﬁis"srtudy, that there 1s
: considei‘able variability in recording the evoked cortical response to
auditory stimuli. McCandless and Best (1966,- p. 270) assert that,

", considerable changes in the waveform may result from changes
of stimulus parameters and subject state variability.! Davis and |
Zerlin (1966, p. 114) reported that systematic changes in amplitudes
of the evoked response recorded at the vertex as a-’%fun’ction of duration
was not evident at 80 dB SL; It is tempting merely to conclude that the
variability in recording the afnplituéé of the eVoked,response is the -
main reason for not seeing a.}cousticvintegration in ‘this st'udy.A However,
it should be noted th'at cdhéide?able variability Waks.a.l-"so“b‘alsircin 1;he :
psycho-acoustic measurements and, yet, integration was still seen.
Thérefore, it might be beneficial to future research that some of the

possible causes for the high degree of variability which obscured

integration in this study be explored.
Variables
A. Stimulus
One question which arises from -the‘ datais, “'If considerable ‘

variability obscured integration generally, why was integration

- 28
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apparent between 15-25 msec?'" The reason for this apparent integra—r
tion, that is, the increase in amplitude recorded with a 25 msec
stimulus duration over that recorded at 15 msec, mayr not necessarily
be attributed to the increase in duration alone, but rather to the
change in the type’'of stimulus used. . This poinf will become clearer
by examining the stimulus used in this study.

The stimulus in this study was presrente-d' with a "fast"
(approximately .1 msec) rise and decay time. It is clear that this
essentially square wave pulse would not havé'been- reproduced faith-
fully by the transducer at the earphones. With the onset of stimula’cioh,
there was transient noise and with the 15 msec durations the stimulus
%)vas probably more like a burst of noise ratAher\thanAa pure tone.
Garner (1948) showed that the freéuency, spéé;crum of the stimulus
affected the amount of energy integrated, and that with a wide-band
noise, there is less ihtegration in 'Comf)arison with a nai‘row band or
pure tone. Therefore, if it is assumed that-a 15 msec tone presentgd
at a fast rise-decay time is essentially a _n(;ise burs;: (this 1s re'asonable‘ |
because of transduction problems)"ba_ndfthat‘.a425 msec tone is essens
tially a tor;al stimulus (even though‘therel_is the sameé amount of tran-
-sient noise, a large portion is ’clonalA in ﬁatﬁre); 4‘then this change in
.stimulus modality might account.fo.r the apparent integration between

15 and 25 msec evident in the present data. Along this- same line of
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reasoning, the fagt that integrafion wa.s not obéerved between-‘25— 150
msec would suggest that amplitude changes as a function of duration
were not sufficiently -éreat' enough ;co be. ée,en in the variable evoked
response. But, the amplitude change in going from a .Wide-band to a
narrow-band..stimulué might be great enough to be evident in the evoked
response. Therefore, if a gradual rise—decay time"haci been used, the
15 msec stimulus would have been essventially a pure tone and, perhaps,
the integration between 15 and 25 msec would not have been demon-
strated.

"It has been suggested (Dallos and Olse‘h, 1965) that using a
gradual rise-decay time might enhance the rate of integration. Dallos |
and Olsen's (1965) data does.not suppért this suggestion for they Afound

.that the rate of integi'ation-_using a gradual riseudecéy time was only
7 dB per log unit of’(iurati-.on."i In addition, fhe evoked potentiai does
not appear to be influenced by fhe rise-jdeCay time of the stimulus as
indicated by Davis and Zerlin (l9>66,-.p. 114). |
Another parametér of the stimulus used in this study possibly
is of importance in explaining fhe lack.of’electro-—physiologic evidence
for temporal integration. This parameter ;s the sensation.lével at
Whiéh the stimulus was >presented. “Itis po‘gsible that fhe résearcher
is attempt.ing to measufé sy'éfematic changes in the evoked résponse

that are very slight because the stimulus was presented at 45 dB SL.
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At this sensation level, loudness growth is minimal as asserted by
 Wright (1965, p. 1174).

Since the rate of _i'nteg»ration-be'com'ets -_rﬁore dfé.nifatic aé one
approaches threshold, it might be wise for~futu1;e reséérchers in t]rﬁs _
area to use stimuli of a sensation level ne‘arithreshold.r However, the
problem here is tﬁat the evoked . response is often difficult to record at
these low sensation levels. That is, " . . 1t becomes increasingly
. difficult to detect the evqud response from the béckg_round activity
even though a summing proc‘eduré is used" (McCandless .aﬁd Best,
1966, p. 270). Perhaps this problem can.be resolved by using a large
number of Samplés With; thesé near-threshold stimuli. It has been
stated by Roselnblit'h._(l957)_ tﬁat the signal to noise ratio is improved
by. V. N in using N‘ saﬁplés., .‘On_l'-;};future_ _i*es.ea.;t;.:éh Wlllbearout the
feasibility of using neair—threshozld stimuli.inipur sqiﬁ of electro-
physiologic evidence of temporal integration.

‘There was also the prbblem of the long‘st‘imulu.s durations
interferring with the rec'ordiﬁg of fhé e\}oked ‘potent‘ialt‘,‘ .“_“T‘ha‘Ac .is_, the
latter pbréion of a; long stimulus duratioﬁ suchl'as ZIO(A) msec was still
impingihg upon the ear when Ire,co.rdi,r;g ‘cl)f. Ny ‘and,PZ.p_eaks was
occqrring. Perhé.ps such ir_lte'rfel'rénce‘rrriig‘ht‘beA?e‘s;lijollitts.,_i:'b_lAe ?‘for the
reversed integration‘trendf observed .bet\‘;vee‘n" 15072,06_,‘1%1ééev“11¥_thiS‘ '

study. Also, the énergy toward the end of a long duration stimulus
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would not be integrated and reflected by the N,-P, peaks, but would
appear later. This brings up another possible source of error inher-

ent in the experimental design--the error of measurement.

B. Measurement

In measuring the arvnplitudesv of the Nl’iDZ ]é)ez;k_é and plotting
them as a function of duration as a means of determining the presence
of integration, one might félsely assume that this peak to peak mea-
sdrerr:Lent is a reflection of‘,tvhe tétal amount of the int‘eg_ratéd Aein_ergy, _
However, it should b'e-c"lear théLt these peaks do not reflect the total
energy integrated if these peaks occur bre‘.cwelen 150-200 msec when
the stimulus duration is 200 rx.lisec. If there is a latent period (to the
order of 100-150 msec) owing to.transmission delay, then energy
_impinging on the ear at 200 msec after onset Qf stlmulatlon would
appear in the evoked responseé around.300-350 msec. ,?erhaps, then,
it unld be wiser -to integra;te .all of the areé,.unde'r _fﬁe- evok.;ad response
curve réther than measure-peak'to>peak difference s_:in ‘s_..tudying inte=~
gration. However, without a_‘baseliﬁe, this method of .measgremen_t

is a difficult task.
C. .,Suvbj_ects
The variables in the pr'eéedihg section iriay 'a-‘cc‘o:unt'.fér'why'.

integration was not seen; howéver',_ th‘éy do not account for '_the. large
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variability of the‘ amplitude c};ang.es ébse:;‘ve:(i. h Ifis brobable,'tﬁét sub-
jects account fér most of this ar}r'lpli“tti.d'e-"Val;"iua:tibn', _"‘fur'th'er obséu'i'ill_g'
the possible présence of eiectrq—vphy-siolv‘o_gxivc ~-¢yrid_ence for ;integr.atvion_,r 7'
For example, since the subjectsA were'testéd in 2_.or 3 test séssions,
each occufrihg 'onlsepafraté days, it i.s unl'i‘ke:il'y that thé‘experi-mental
conditions were the same from sgssiqn tb session. ‘There were pro-
‘bable variations in electrode placeme_nt, electrode contact and physical
state of the subjects. Even within a given f_é_stses sion the subject's
physical state,prot;ably, 'changed despite _the"usAé Of'x;est .pveriods,

Althéugh the‘ subjects were instrgcﬁ:ed to attend,yigilantly to
the stimulus, s'uch vigilance pfobablylwas.nét rriaintaih_ed’ Becau;se‘
s.orn.e conditiqns ran-as léng as 17 minufe.s. : -I'h"gel;el;al, it is apparent
. that many of fhe subj'ect vari’abl’és 'Vsuéh .as ‘attention, fatigue,.and
habituaitionare often beyond. the direct control »o.f the experimenter--~
variébles which tend to éffec’c th»e amplitude‘and.-waveform of the
evoked respénse-significantly (DavisandZérlin, 1966, p. 112;

McCandless and Best, 1966, p. 271).
.Conclusion -

The method of comput er’a-v'leragirv_lguof;evoked responses to
acoustic stimulation appears to have much nierrit: as a tool for detect-

-ing the presence of acoustic stimulation. However, its use as an
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.experimental.toél for fine measurements appégrs to be limited. -. The
limitations arise principally from the:gréat va;ri;aibiiityA of the huﬁaﬁ
physiologic processes and oth'er»parameterswhich are too complex for
present systematic-stqdy. | |

The resglts of this present study do not .s>how t‘hat.témp.oral
intégration of acoustic--energy. can be:c‘lea;r'ly observed electro-physiol-
ogically. Perhaps with more stringenj: control, bothin instruméntaiion :
and in subjects, aﬁd ﬁs-in_g stimuli at lower s‘ensatio:n-.levels, more con-
clisive evidénce-'rri'i‘g"l'it. B'e;a‘tta;iﬁed. Itis arl'.s"s'ol>poé'si>bl'er .t:hat fé:?ﬁf)bral
iﬁtegration might not be evident Velectro-physiologicallyf even if vari-
abi lity were greatly minimized. More -rese'é.rﬁ:hvis. required to deter-
- mine another integration is ‘aﬂ;ené.ble Ato.elle'ctrb-physiologibc study.
It is hoped that this ’stﬁdyl-hgéﬁvégﬁfributé'd' f@séful 'ih‘fr.b-rrit-ta"cio'n‘
 on the role of stimulus duratio.ﬁ and the evoked coftical response-to
acoustic stimulation.- Possibly‘, .-andbvhopefully, thi.s..study‘has stimu-
-lated and provided some insight for.fﬁture.-research ’in'.thisA area; cer-
-rtainly, further researchiis n_eedea. . Then,manyof tHe compelling
questions conce rning,tenipora,l, intégratic;ﬁ.:é‘mdv_tvhe- evoked cortical

response may be resolved.



APPENDIX A

THE RANDOM ORDER OF PRESENTATION OF THE =
CONDITIONS FOR EACH SUBJECT ‘
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APPENDIX B

‘DATA SHEETS

Subject No. 1 Sex: F | Name: Margery_ er,ung
Subjective Threshold of 1000 Hz: - Test-Dates: 1) 474/66
Right Ear: 21 SPL C2) 4/5/66 3)6/16/66

Electrode Placement:

1) Distance along midling: "’ 23.5 cm

2) Distance from midline: 5 cm

Condition Latency Nj | _ Laténcy,sPZ Amplitude mm

1 80 msec ' 180 msec 3 mm
2 100 S o190 v 12 "

3 100 . - 190 v ' 10 v
4 100 200 v 6

5 110 " o185 11.5 1
6 105 v 200 18 v
7 100 " | l9o v g
8 100 . " .7 200 v 13w
9 : 110 © 1 o 200 T : 9 n
10 - 100 " o160 o 70"

11 100 S 185 om 10
12 120 v . o210 .t . 15w
13 100 v - 190 e g
14 130 200 v | 13
15 ' 100 " 190 e R L
16 100 . 180 v g
17 100 ;1%5.?3W_'_ ' 4,l 10 n

18 105 n _> . o 190». -'-|‘1 o o 12 i

36
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APPENDIX B--Continued.

Subject No. 2 . Sex: M - . Na‘rn.:e:': 7‘ Kom Loh _
S.ubjective Threshold of 1000 Hzi . . ’I‘es’c_D_avtesv: 1)y 4/18/66
Right Far: 18 . 2) 8/16/66 3)5/17/66
Electrode Placement: | - '

1) Distance along midline: 24 cm

2) Distance from inidline: .5 cm

Condition Latency Ny Latency P, Amplitude mm

120 msec - = 200.msec o 4 mm
130 o210 M g9sn
130 220 v - 14 v
140 v 210 v g
110 250 v o1z o
120 v 210 v 17 o
100 180 v ‘ 12
140 0 220 M .14 0w

N> TR > TS Y~ USSR SR UUR SR

130 " .230 v . ..1l9 v
13 0. 208 10

ot
o

120 200 ot 15 o

= et
N -

130 230 .t 16

—
w

100 Al . 170 IEEE Lo 11 | "

—
N

130 " 210 v . 13w
125 "o . 220 Rt . ’ 17 1
130 0 T 210 T e

e e
BN B e AN 6 1|

Izoyilﬁ. . f t ‘ 240~‘#"2 7;ii;}'l3W‘1"‘

ot
0o

120 TR 240"1ff o _i' i-ls T
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APPENDIX B--Continued.

Subject No, 3 Sex: M | : -Nam‘é: : _Srte'vre Fﬂedman
Subjective Threshold of 1000. Hz: " Test Dé..tes:“ 1) 6/9/66 _‘
Right Bar: 21 SPL . 2) 67/12/66 -3) |
Electrode Placement: o .

1) Distahce along mialine: 23.5 cm

2) Distance from midline: .5 cm

Condition - Latency Nj Latency, P, = Amplitude mm

1 80 msec ’ -180 ms(e,cr—r : 3mm
100 v 190 12w
100 " 190 . 10 "
100 v | 200 v 6

105. M 2000 0 e 180

100 o Torge v g

100 v 200 T Liiazow
9 110 v 200 v 9.
10 100 " 160 " 7o

11 100 v 185 v o 10
a2 1200 v 210 v 0 15
13 ’ 100 190 v g

2

3

4

5 110 v 185 . 11,5 M
; |

7

8

14 130 o 200 " 13 v
16 Ct0 v 180 v g
. a0 e T e i LS ag
18 105 0 190 jr  SRS PR
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_ APPENDpiBuwbhﬁmmd.'*“
Subject No. 4 ~Sex: M | 7 - Nam-‘e:'fFrank Gee
Subjective Threshold of 1000 Hz: .  Test Dates: 1) 6/20/66
'Right Ear: 15 | ' 2) 6/22/66 3)6/23/66
Electrode Placement: ‘
1) Distance along midline: 24 cm

2) Distance from midline: .5 cm

Condition Latency Nj Latency P> ~ Amplitude mm

100 msec 200 msec - - - 4'mm

100 " 215 . n 11 o

—

105 220 9 u

90 150 v 5
_ _'100. o B 205 " lli "
120 v 200 - 7
75 o 22_-0”:*..';:1- 5 L
100 v B0 v 1o v
,1oo:fF' o o 170 e g

[ N N ¢ « B T AT 6 ) S~ N VS B A8

—

85 1 , Zjo‘a ) A A 3 N |

—
—

-100 " . : 180 :||‘ ) . 7 o
Sloo v TZzo vt iziwo

— =
w N

100= 0 200 0 g o

,_.
N

90 M © 190 .8
95 ol o oa7s onT 11w
90 - 'r,":4' ﬁAtlﬁéiiul‘ e
95 m 'n15~21°; ;f‘>3;.“ff}~l0 "

100 220 i g

T L
«w N o~
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APPENDIX B--Continued.
Subject No. 5 Sex: M ~~ Name: Lenny Don
SubjectivetThreshold of 1000 Hz - Test Dates l) ,6/_29/66 o
Right Ear: 30 , o 2) 6/30/66 3)
Electrode Placement: |

1) Distance along midline: 25 cm

2) . Distance from midline: .5 cm

‘Condition Latency Ny Latency Py ~ Amplitude mm

—

.80 msec . 155 msec ‘6 mm
120 1" . 180 1 , g ' 7  u
100 185 v g9
95 T 185: :i.. ' 6‘ 1
95 " . 180 . II- - . 7 11
100 | 180 11 om
100 - 170 " S 13,5
95 .1 ‘ 175 - 1 TAJ'IIA "

(= BN] o ~J [2TNN) | > w N

-

g5 " 140 v 7.5
95 = 180 v 1ns

—_ —
N =

95 " S175 v . 11,501

—
w

85 1" : 140' " ' 6 o

—
N

100 180 " - 15

—
)

'80 T ."AA.140?<M,      , ;”f6A|y»’

AT -
~3 (o)

90 1 . _ ‘170 ‘.”*:f:‘ ”_ 'f‘I; 1

et
(e

100 " R & 2T T S T
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.APPENDIX B-- 'Continued. '

Subject No. 6 Sex: M - _ | :, N‘arxvie-: Mike Tom
Subjective Threshold of1000:Hz;.;',~' ;f;fT§stqjat§s;11)_6/22/65 |
| Right Ear: 10 | ”":' :."éi 6[23/66' 3)6/25/66'
Electrode Placement: ' |
1) Distance along midlin;e: 24 cm

2} Distance from midline: .5 cm

. Condition | Latency Nj  Latency Pp" - Amplitude mm

-

70 msec . 200 msec . 4 mm -
10 v 175 n g
75 " . 240 o . ' 6. "
70 L . 175 ﬂ‘ - 6 1
90 - " 175 1" 7 ’ g
110 v o160 v 10

90 .1 Co166 v az o
95 " S 165 9
80 " 165 v g

© OV o N o m oA~ W N

[P -y
-

HBOI .“ . " ;‘ <165;1.”J," | ,:.11 " ‘

e
oo

70 " : .185't.n o : i L 7

o
W w

100 v 160 v . 10 v

—
o~ O

()
]

115 75 o 6

[
(0]

95 SlrsT o o lz.s



. APPENDIX C

. AMPLITUDE VS. DURATION FUNCTIONS
FOR EACH SUBJECT .
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