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. ABSTRACT,

Auditory fatigue is now known as Temporary Threshold Shift
(subsequently abreviated tb..‘"I"TS). It has been defined as the temporary
elevation in the absolute threshold of hearing for a given test sound
resulting from preceding auditory stimulation by a given stimulus
sound (see Hirsh, 1952, page 177). A4ssociated with the phencmenon there
are six physical variables which sub-divide themselves into stimulus,
test and recovery factors. In this study each of the latter factors
was systematically :!.nve_s"l:_.igated using four groups of six undergraduate
subjects. Thresholds were measured using the Békésy (1947) technique
of threshold measurement. Control experiments were carried out to
verify that TTS results from the application of the .st:!.mulus tone, to
study the mechanisms involved in the Bekésy technique of threshold
measurement and the effects of this technique on the measurement of
TTS, to investigate any additive effects of TTS and to study the
possibility of any measurement errors resulting from the physical test
envircnment. |

The results of thé experiments showed that the stimulus, test
and recovery factors all produced a consistent duslity of results. It
was concluded that the unitary definition of TTS is inadequate and
that there are two TTS mechanisms. These are referred to as fatigue
and.temporary stimulation deafness. Fatigue is associated with
moderately intense stimmlus tones of fairly short duration. It
increases linearly with logarithm of the stimmlus duration; it is
maximal at stimulus freéuencies of 1000, 2000 and 3000 cps; it doss
' not vary significently with stimulus intensities of up to 90 db. but
thence increeses rapidly to a meximum; it is maximal at a test
frequency equal to the stimmlus freguency and recovery from it is
complete within oneminute of the cessation of the stimmlus. Tegxporary
stimulation deafness is assoclated with high intensity stimulus tones
of fairly long cfuration. It Jincreases linearly with the logarithm of
the stimulus duration; it is maximal with stimulus frequencies of
4000 to 6000 cps; it increases rapidly as the stimulus intensity is
increb.sgd; it is maximal at a test frequency an octave above the
stimnlus frequency and recovery from it takes longer than one minute
APy
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from the cessation of _tbe"_stimulus tone.

It is hypotheéizedt that fatigue'ié a neural, possibly bio-chemical,
adaptation effect a_nd thét temporary stimulation deafness results from
structural da:nagé to the ﬁrgan of Corti. Other work supports this
differentiation. The .phenomena. of fatigue support either a "place"
or a "volley" t.hebrj- of hééring. The phenomena of temporary stimuletion
deafness are partially explicable in terms of the .anatomical -

characteristics_ of the eaz?.'



PREVIOUS WORK,



. 3.
CHAPTER, 3.
INTRODUCTION,

Apditory fatigue may" be defined as the temporary elevation in
the absolute threshold of hearing for a given tegt gound resultirng
from prior stimulation of the ear by a suiteble gtimulpg gound (see
Hirsh, 1952, page 17-'7). Unfortunately, the term has many theoretical
implications and cénsequéntly in the past ten years the term auditory
fatigue has been replaced by the term Temporary Threshold Shift (TTS,
see Meyer, 1953). ITS is not to be confused with Hood's "perstimulatory
fatigue", i.e. "adaptetion" (see Hood, 1950 and Bocca, 1960). The
latter phencmenon is & temporary elevation of the threshold of hea,ring
resulting during the application of a suitasble stimulus tone. It is
closely associa.ted with physiological adaptation and Hood- suggests
that it is localiséd in the end-orgens of the organ of Corti. It is
also closely associated with the transient threshold shifts caused by very
short duration sti:ﬁuli such as those used by Luscher and Zwislocki
(1947). Stimulation deafness (sse Caussé and Chavasse, 1942-43) is
another phenomenon closely associated with ITS. However, stimulation
deafness is a permapept elevation in the threshold resulting from exposure
to preceding auditory stimulation.

Figure 1 illustrates the gemeral procedure followed in
experiments on TTS. It can be seen that there are three main stages
as follows

(i) The. application of a given test sound to determine the

pre-stimulus, i.e. the pre-exposure, threshold.

(ii) The application of the ‘s-timulus sound, i.e. the

exposure period.

(141) The,re-a.pplication of a given test sound to determine

the post-stimulus, i.e. post-exposure. threshold.

The difference between the post-exposure and the pre-exposure thresholds

' provides an operational measure of TTS. Further inspection of figure 1

reveals that within the TTS situation the stimulus, test and recovery factors
aré associated with six ph,;,rsic':al independent variables. These are :
| (1) The frequency or type of stimulus sound.
(1) The intensity o.f_.’.’the stimulus sound.



Infensif_y
/,\ Stimulus Tone
Exposure Period
Test Tone ' %.?::"T Test Tone
) ) Pod-Exposure
] Fhﬁ&tﬂzng. PhJ:;d A
Variables Variables Variables
Test Frequency Stimulus Frequency Test Frequency
T.‘t DUI’Olen Sﬁ'muluo DI"'C"Q“ Test DUerI.Qﬂ
Stimulus Infensity Latent Time

—ﬁ Time

Figure 1: Illustrates the proceedure and main parameters involved in
TTS experiments.
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(i11) The duration of the stimulus sound.

(iv) The time after the cessation of the stimulus sound

at which the post-exposure threshold is measured (i.e.

latent time, see Rodda, 1960).

(v) The frequency or type of test sound.

(vi) The duration of the test sound.
The duration of the.test sound in TTS experimeﬁts is usually
fairly long or continuous, since variations in threshold with test sound
duration are thought to result from changes in the test duration and
not from any ITS effects. Since the advent of the Békésy technique of
threshold measurement in 1947 (see Békésy, 1947) this has been used
almost excluéively for making threshold measurements in TTS experiments.
The technique enables the subject to determine his own threshold by
varying the intensity of a sound and consequently very rapid
determinations of his threshold can be made. Since the threshold
shifts result;ng from TTIS are only temporary, this ability to measure
rapidly the threshold is of obvious advantege. Unfortunately, since
the method is comparitively new, knowledge of its psychological basis is
very limited.

The first experiments on TTS were probably carried out by Urbant-
ééhitch (1875). Since that date papers have regularly appeared on
the topie. In the majority of these papers, testing has been
usually limited to showing the effect of one variable under very
specific conditions. Consequently, the results obtained are not general
and a combination of the results from different experiments to provide an
overall picture is virtually impossible. Hirsh (1952, page 178) refers
to "the disjointed and apparently unrelated nature of the parts" of the
problem that have been studied. In 1962 the position is little better.
There are three exceptions to the statement made above. Hood (195C)
has published a feairly extensive study of the problem. He used
moderately intense stimulus tones of moderate durations. However, in
the majority of his experiments, he only used one stimulus condition.
Davis, Morgan, Hawkins, Galambos and Smith (1950); Ward, Glorig and
Sklar (1959) and Ward, Glorig and Selters (1960) have published very

extensive work on TTS effects resulting from very intense stimulus
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tones applied for long periods. However, as will be shown in subsequent
sections these intense exposures to .not produce a TTS gimilar to that
produced by more moderate exposures.

It can be concluded that there is a grave lack of continuity in
the study of TTS resulting from moderately intense stimuli and a failure
to differentiate this effect from ITS resulting from ﬁore intense
stimnli. The experiments reported in this thesis are an attempt to
begin inter-relating all of the TTS variables. The experiments are
not complete and it will require many more years of intensive study
before the vast range of possibilities has been studied. However, they
do cover the effect of variation of the stimulus and test conditions

both seperately and concurrently.
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CHAPTER 11
HISTCRY.

The history of TIS is found to be intimately interlinked with
the more general 'problem of fluctuations in sensory responses or as
it has since become known the "fluctuations of attention” controversy
(see Oldfield, 1955). In 1875 Urbantschitch (1875) published a paper
describing changes in the response of a subject to simple sound stimull.
This reported that weak sound stimﬁli vhich were of a constant intensity
around threshold level, such as the ticking of a watch, were irregularly
detected by the observers. ,Phjéicai variations in the actual intensity
of the sound did not give rise to the effect since a careful control
experiment showed that different subjects reported not hearing the
sounds a.t'différ.ent times. Urbantschitch explained the observations
in terms of a dual fatigue and recovery process within the auditory
nerve. Thus the concept of auditory fatigue or ITS entered into the
terminology of péycho-acoustics. '

However, the next fifty two years saw a major conflict of
opinion as to whether .'t:he auditory mechaniam could be fatigued or
whether Urbantschitch's and similar results were simply an artifact
of attentional factors. Thirteen years after the publica.tion of
Urbentschitch's paper Lange (1888, see Guildford, 1927) rejected the
hypothesis of fatigue because :

(1) There is no evidence that sensory nerves tire so

quickly from minimal stimuli.

(ii) "The nerve would have to recover while being

stimlated".

(iii) "The effect ought to be noticed with intense

stimli®. "
.Lange conducted experiments in. which he found that when two stimuli
from two modalities were presented simnltaneously they did not fluctuate
independently but formed a rythmn in which one stimulus alternated with
the other. Hence, he concluded the phenomenon resulted from "fluctuations
of attention" which gave rise to corresponding fluctuations in the
"apperceptive" process.

It is at this point in history that the problem of auditory
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fatigue became: subordinate to the. problem of whether there are real
: vafidti’bhé 1nthe thn;eshold resultingfrom f;.tigue, adaptation or same
other a:l.milar pﬁeﬁoﬁehon- or shether such cha.nges are merely the result
of attentic;n'a].}v'irre"gbia'rities; . With. the posing of this more gemeral
‘problem, the study tended to leave the field of audition and auditory
‘fatigue and concentrate on other _s'egxgéu_‘y'modaﬁtie;s. Possibly due to
the influsnce -of Wundt and the Wuraburg School; vision tended to
predominate as the most prolific field of study. Supporters of the
"flnctuat:l’ohs’l"jbf at‘benﬁqn"”éﬁrplané‘bibn of thﬁéshold variations with
audiﬁory7or'dther 'éensory? ‘stimuli included Sl-angiter (1901),
Pillsbury (199-‘31) and Galiowl(lgm). Supporters of the adaptation
or fatigue theories inc’lﬁdea_hehmfann (1394'), Munsterberg (1889),
Hetnreich and Chwisteck (1907) and Ferres (1906 and 1908).

During the middle of ‘the "flﬁctuat:l.”op‘s].of' attention” controversy
there developed a minor "eon‘t::"overs_y‘ as to whether or not there were in
feact any true fluc-tugﬁioﬁé of perceptual responses to auditory stimuli.
Hudjeman (1894), Heinreich (1900 and 1907), Eamer (1905) end Scheeffer
(1905) found fio evidence for such :‘flﬁctnétions, whereas Cook
(1900),'Tiﬁchener' (1901) , Wierama (l'ébl),'Bonsér (1903), Dunlap (1904)
and se-a;shpré and Kent (1905) did. ;Hoﬁayer, ‘Jackson (1906) observed
thet the renge’ of intensities over which fluctusticns are observed is
very small. Hence it s'eems'probable‘_ﬁha.'t'_ the negative results were
associated with the use of stimuli which were outside the remge inm whick
Jackeon. observed the effects to 6¢cur.

It was not until 1927 when Pattie (1927) published an excellent
paper on the topic that anditory fatigue becams an estsbliehed fact and,
the hypothesis of '"fluctuaﬂons"of atféntion" as a genersal explanation
of all threshold variatioms fell into dlavepute. The rout started by
the publication of Pattie's paper was completed by the independent
 publication inthe ‘same_ year of a paper byGuildford (1927)
specifically on f"'gidc':'tl_i'atiqns of attention®.

Prior to the publiéation of Pattie's paper the general conclusion
of most -of the work follow:lng upon Urbantsch:ltch's original paper was
that the ear could not be fa.tigued. Huijaman (op.oit ), Sewall (1%07),
Scheeffer (op.cit. ) and’ Bartlett and Mark (1922) all obtained negative
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I1lustrates the results obtained by Pattie (1927). Abscissa is

latent time in seconds. Ordinate is percent of responses judged

louder in non-fatigued ear.




10.
results. The positive results of other experimenters such as Wilson and
Myers (1908), Albrecht (1919) and Flugel (1914 and 1920) were explained
avay as resulting from "fluctuations of attention." The difficulty of
most of the early workers seems to have been one of finding an adequate and
reliable measure of fatigue, i.e. a measure which sﬁitably reflected
changes in hearing acuity. Without exception they used sound stimuli
well above threshold and used either changes in localization or changes
in the time for which sound from a tuning fork was heard as measures
of the effect. The difficulties with these methods and the criticisms
that can be made in retrospect are that :

(1) Above threshold sounds are not likely to show fatigue

effects as easily as sounds at or very close to the threshold.

(11) Localization of sound stimuli tends to be accurate

only for gross changes.

(444) It is difficult to equate the loudness of tuning forks

and hence to quantify the time for which a sound is perceived.

(iv) Unless a masking stimnlus is applied to the contra-

lateral ear there is often binaural stimulation when a tuning

fork is placed on the mastoid process.

However, Pattie used a binaural loudness balance test to measure the
changes in loudness resulting from monaural stimulation of the ear by
pure tones and this proved to be a more sensitive measure.

The general form of Pattie's results are shown in plate 1 which is
reproduced from his paper. He reached the conclusion that the ear could
be fatigued but that the term "labile" used by Flugel (op. cit.)
adequately described the phenomenon. A further control experiment using
binaural stimulation indicaﬁed that the locus of fatigue was periphersl.
Guildford stated that the problem "is nothing more than a matter of
limen; to discover ways in which the phenomenon is dependent upon the
intensity of the stimulus, to point out the operation of certain
peripherel and central physiological factors." He used visual stimuli
to study the phenomenon and avolded adaptation by utilizing only extremely
brief presentations of the stimuli. He found that only with the latter
condition did the intensity at which the stimulus was perceived for 50%
of presentation time agree with the threshold as determined by the method
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of limits. In a series of care}ully controlled experiments he found
that retinal adaptation, »eyé movements and local central fatigue all
affected the 'perivovd for wﬁich the stimull were perceived. He
justifiably concludea tha.t there are too many "physiological conditions®
involved in the effect to attribute it to "fluctuations of attention.”

Following on from Pattie's work séveral papers were published
establishing the fact that appropriate preceding anditory stirmlation
has a "fatiguing" effect on the ear. Békdsy (1929) found that
fatigue was maximal at the frequency of the stimulus tone. Using
stimulus tones of 200 to 2000 cps at an intensity of 10C db., he found
that fatigue was produced at test frequencies of 1000, 2000 and 30C0 cps.
He also found that threshold shift was maximal at a stimulus/test
frequency of 3000 cps and reached the erroreous conclusion that fatigue
is not cansed by stimulus frequencies of less than 1000 cps. More
recent work (see Hughes, 1954) has showun that frequencies of less than
1000 cps will produce TTS.

. Bwing and Littler (1935) extended the range of stimulus conditions
covered by s'tudying the effects of stimulation at intensities just below
the threshold of painv. They used both normal and partially deaf subjects
and found theat the loss of sensitivity ranged over one or two octaves
but that outside this ‘range the threshold remained normal. They also
found that fatigue increased as the duration ’of the -stimulus was increased.
Finally, they were the first workers to suggest that there might be more
than one kind of fatiguing process.

dnother line of investigation followed in this period was the
effects of precédi‘ng auditory stimulation on the differentigl threshold
of audition. Rawdon-Smith and Sturdy (1939) found that " a loss of
differential sensi'fivity“ for intensity resulted from preceding pure tone
stimulation. They studied the characteristics of the effect and found
that it was greatest at the stimnlus frequency. They also found that
only frequencies which were an even multiple of the stimulus frequency
were affected. This line of research was-;xgain-‘allowed to lapse and
it was not until 1962' that further work Qas carried out on the
phencmenon. Elliott, Riach and Silbiger (1962) found that as the amount

of fatigue, that is as the severity of the exposure, was increased the




12,
differential threshold for intensity was reduced. This they explain as
the result of recruitment which is‘ of:'c.en associated with fatigune and
which causes an abnormal growth in the perception of loudness. (See
Dix, Hallpike and Hood, 1948 and Hallpike and Hood, 1951).

The results of Elliott et al. are at first sight contradictory to the
earlier results of Rawdon-Smith and Sturdy. However, a reconsideration
of Rawdon-Smith and 'Sturdy's data indicates that the difference is partly
one of emphasis. They emphasized the elevation of the differential
threshold with incre'a.sihg stimulus intensities but at a constant stimulus
‘duration of two minutes. Elliott et al. emphasized the decrease of the
differential threshold at a.pﬁroximate_ly constant intensities of 105-115
db. . but at varying stimilus durations which ‘were arranged to produce
increasing smounts of fatigue. Hood (op. cit.) has showun that the amount
of fatigue increases only very slightly as the stimulus intensity is
increased up to about 90 db. Rawdon-Smith a.nd- Sturdy used stimnlus
intensities ranging from O to 110 db. and thus we can assume that the -
emounts of fatigue produced by their stimuli were relatively constant -
for the lower stimulus intensities. Hence we can conclude that
Rawdon-Smith and Sturdy's results indicate thet with gongstent smounts
of fatigue, the differentiai “threshold for intensity increases in value
as the stimilus intensity is increased. The results of Elliott et al.
directly indicate that with jngreasing smounts of fatigne, the differential
threshold for intensity is reduced. However, this difference only
resolves the differences between different stimulus conditions. It
does not resolve the basic differences between the two studies of quantit-
ative increases or decreases re pormsl threshold. Unfortunately,
Elliott et al. do not seem to have been aware of Rawdon-Smith and Sturdy's
results and did not carry out, any experiments with varying intensities.
In the light of present knowledge it would appear that the results of )
Elliott et al. are more logical since they are supported by the recruitment
phenomenon. However, more work'is required In this field.

Initially Rawdon-Smith (1934) returned to the original fatigue
bypothesis of Urbantschitch (op. cit.) and explained the phenomenon in
terms of inm'ea.ses in the refractory period of the nerve fibres and a con-

sequent reduction in the rate of volleying. In a later paper (Rawdon-
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Smith, 1936) he changed the locus of the effect to a central mechanism
becauselof resﬁlts showing the existence of a "disinhibitory phencmenon.”
Thus if an innoccuous stimulus was applied to the subject during recovery
from fatigue then there was an almost immediate return of the threshold
to normality followed by & further increase in the threshold.

Broadbent (1955) has pointed out that this result poses an unanswered
question in work on TTS. It is now generally accepted that fatigue is
‘peripheral but as yet nobody has explained how Rawdon-Smith's results

can be explained on this basis. Unfortunately, the experiment has never
been. repeated and it does appear to have been omitted from any discussions
of the locus of fatigue. Huowever, it indicates that overlaying'the‘
peripheral locus there may be under cerﬁain conditions a central

inter-sensory factor.
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CHAPTER 111
STIMULUS AND TRST TONE VARTABLES IN. TTS,

(a) mm ¢ The results obtained in experiments studying
the effects of stimulus duration on TTS are more conclusive than those
obtained in ezperiments studying the other stimulus variables. Bwing
and Littler (1935) noted that TTS increased as the duration of the
stimulus was increased. ﬁ'_’a{‘pese’ and Chavasse (1942-43) found that with
a stimulus tone of 1000 eps at stimulus intensities of 10-40 db., the
amount of TTS increased linearly with the logarithm of the stimulus
duration as the latter was increased from 10 to 40 seconds. Hood (1950)
has extended the work of Causse and Chavasse. He used a stimulus tons of
2048 cps at an intensity of 100 db. and found that as the duration was
increased from 10 to 320 seconds.the amount of TTS increased linearly
with the logarithm of the stimulus duration. Ward, Glorig and Sklar
(1959) and Ward, Glorig and Selters (1960) heve also obtained a logerith-
mically linear increase in TTS with the stimlus duration as the
m. duration of the stimmlus is increased from 10 to 30 minutes
or from 30. to 500 minutes respectively. In both of the latter studies
the stimulus used wa.s octave band noise.

However, it does not appear that Hood and Ward et al. are
studylng the same effect since Davis, Morgan, Hawkihs, Galambos and
Smith (1950) have claimed that as the stimulus duration is. increased from
1 to 64 minutes the graph of TTS against stimulus duration changes from
linearity to positive acceleration. Careful inspection of the results
of Davis et al. reveals that the linearity at the lower dzn'atio:;s is
rather forced. The results could also represent two stages of a positively
accelerating curve which, when transposed, wounld give a logarithmieally
linear increase in TTS with both long and short stimmlus durations. The
lipnear increases would of course have different slopes which would
indjcate that there are two TTS effects manifested. One seemingly
associated with short stimmlus durations and the other seemingly associated
with fairly long stimulué durations.

One would expect that there exists some relationship between
stimulus duration and stimulus intensity. For example "Rol has found

bursts. of a stimulus are less effective than a continuous stimulus® (see
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Spisth and Trittipoe, 1958a). The United States Air Force sssumes
that intensity and duration have equal weightings in calculating noise
exposure hazards. (See Ward et al., op. cit.). By analogy it has been
suggested (see Spieth aﬁd‘?ﬁiﬁtipoe, 1958a) that a similar condition
applies in TTS. However, q;periméntal-fééults do not confirm this
hypothesis. Spieth and Trittipoe (1958b) have analysed the results of
Davis et al. (op. cit.) and found "that for two exposures to a tone,
both having equal total enmergy, the exposure with the lower intensity
and the longer duration nearly always produced the greater and more
persistent TTS." Haris (1953) has reported similar results.

Spieth and Trittipoe (1958a) offered more evidence against the
suggestion of equal weighting when they found that lm/see. bursts
of noise had considerably less effect than eq;ﬂ.valent continucus stim-
ulation. They also less extensively tested burst of noise of 10m/sec.
and 1 second duration. They concluded that these caused no more TTS
than continuous stimulation and probably had a smaller effect. In a
later study (Spieth and Trittipoe, 1958b) fhey found that 20 seconds
after exposure,TITS was greater with increased stimulus intensities
irrespective of the stimmlus duration. When TTS was measured five
minutes after exposure they obtained results (see plate 11) in which
the relationships were typically bow - shaped. They suggest that at
moderate intensities a 2 to.l weighting of stimulus duration to
stimulus intensity may be more appropriate. They also point out that
as the intensity is increasédfthis relationship must eventually
become invelid.

Ward et al. (op. cit.) carried oﬁt further investigations on this
phenomenon and concluded that the hypotheses of equal weighting and of
2 to 1 weighting both held under certain 1limited conditions. However,
. they also concluded that the relationship was much more complicated
than suggested by either of these equations. Unfortunately neither
Ward et él.nor any other workers studied stimnlus intensities of less
then the critical stimulus intensity of approximately 95 db. (see page
17 ). Consequently, it becﬁmes impossible to say with any certainty
whether the duality of results associated with variations in the stimulus

duration would persist in the relationship. However, the hypotheses
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of equal weighting and of 2 to 1 weighting both seem to assume a
logerithmic linear relationship between TTS and stimulus duration
without the existence of any critical duration similar to the critical
stimulus intensity. It will be shown later that this assumption cannot
be made (see page 69 ). Similarly they would also seem to assume a log-
arithmic linear recovery from TTS. However, Ward (1960) has shoun that
if TTS is high, this relationship only applies in the initial stages of
recovery.

We can conclude that the effect of stimulus duration on TTS reveals
a dual effect. It appears that when the results of different experiments
are interelated, the TTS increases linearly with the logarithm of the
stimulus duration over a wide range of stimulus durations. Houever,
it also geems fairly clear that this linear increase sub-divides
itself into two parts. The relationship between stimulus duration and
stimulus intensity is epproximately 1 to 1 or 2 to 1 under certain
limited conditions.' However, the ccmplete relationship is much more
complicated and as yet it has not been related to the éritical
stimulus intensity or the critical stimulus duration. '

(b) Stimylus Intensity : Ewing and Littler (1935) were the first
writers to suggest that there might be a critical stimulus intensity
associated with ITS effects. They did this indirectly when they
suggested that there were two kinds of "fatigue" and that the threshold
of feeling is not an adequate indicator of"overloading" of the ear.
Hood (1950) points out that this idea 1s also suggested when the small
emounts of TTS recorded by Ewing and Littler and obtained with
stimulus intensities of up to 110 db. are compared with the much
greater shifts recorded by Davis, Moréan, Haukins, Galambos and Smith
(1950) with stimilus intensities of up to 130 db. |

Hood (op. cit.) was the first worker to effectively show the
existence of a critical stimmlus intensity. Using a stimulus frequency
of 2048 cps, a stimulus duration of one minute and a latency of ten
seconds he found that TTS increases only slightly as the stimulus
intensity is raised from 60 to 90 db. However, he also observed that
it inweasgs rapidly as the stimulus intenslty is raised from 95 to
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110 db. The résulfﬁs of Davis et al. (op. cit.) also uspally show that
as the stimulus is increased from 110 to 130 db., further rapid
‘increases in TTS occur. Jerger (1956) in his studies on diphasic
recovery from TTS also noted that repid increases in TTS occur with
stimnlus intensities exceeding 95 db.

Ward, Glorig,and Sklar (1958) using octave-bend noise and a
4000 cps test tone, have suggested that the increases in TTS with
stimulus intensities above the critical stimulus intensity are linear.
Initially they suggested that the function was represented by the
following equation :

TTS, = 1.06 [iitiRa(Sc-“;J ["3"".71-"7]

vhere SIT‘I'S2 = ITS two minutes after cessation of the stimulus
Ri = ratio of time on to time ore. !
S; = Stimulus intensity (which must be greater than
or egual to 85 db.).
T = Duration of stimulus

Later this equation was revised to
TTS, = 0.61 [si-700[leq,, T +0.33] - 9.5

vhere B, = 1 and the symbols have the same meening as in the first

i
eqv.'za:l'.:l.can.2 These equations of course only apply to the specific data
collected by Ward et al.

It is difficult to judge from Hood's data whether this increase:
in TTS above 95 db. is linear since he only used stimulus intensities
of 60, 70, 80, 90, 100 and 110 db. However, judging from the above
points, they do not appear to be so. Hence, at first sight Hood's
results and the results of Ward et al. appear to be contradictory.

The discrepancy poSsibiy reflects the existence of two TTS effects.

Hood measured his TTS ten secopds after the cessation of the exposure

tone, whereas Ward et al. measured their TTS over a two minute period

1. Note; if stimulation is continuous R = 1.
2. Notej that Ward et al. actually used different symbols in the

second equation, but these were equivalent.
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after the cessation of the exposure-ﬁone. ‘The former is definitely
in the first phase of recovery from TTS and the latter is definitely
ih.the second phase of_récovery from TTS (see page 29 );

Further evidence for the existence of a eritical TTS stimlus
intensity has been provided by Epstein and Schubert (1957). They used.
not only the amount of ITS, but‘also the recovery time and the amount
of recruitment present in an attempt to determine the critical TTS
intensify of a thermal noise stimulus with a duration of 3 minutes.
They used a 4000 cps test tone and found that at latencies of
5, 10, 20 and 60 seconds there is a sudden increase in ITS at 80 db.

A composite expression utilizing TTS, recovery time and recruitment
gave a similar increase at 80 db. Unfortunately, the latter result of
Epstein and Schubert mmst be viewed with reserve, since they used the
vidth of the expursions in Békésy tracing to measure the amount of
recruitment present. The validity of this nethod has been questiocned
(see page 44 ). |

There is some evidence that the existence of & critical stimulus
intensity for TTS is not a universal phencmenon. Davis et al. (op. cit.)
noted that for some subjects there was a reducéibn in the erount of ITS
as the stimulus intensity was raised fram 120 to 135 db. Trittipoe
(1958a) also noted that although he obtained consistent increasss in
the mean TTS as a thermal noise stimulus was increased from 108 to 125
db., some of his subjects showed a consistently downward trend with
increased stimulus intensities. In the latter case the intensit&
differences were tested and this downward trend was found to be
statistically significant. le may conclude that this difference reflects
a duality of TTS effects and that those subjects showing the d0wnﬁard
1rend are highly resistant to high intensity TTS. .

Lavrence and Yantis (1957) have claimed that Hirsh and Bilger (1955)
found "no significant differences in the amount of fatigue far the
stimulus tone following levéls of stinulation up to a sensation level of
100 db." In actual fact they obtained this result with only short
duration exposure tones when IIS wag measured st the stimulus freomency.

Moreover, even when the test and stimulus frequencies were the ssme
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value Hirsh and Bilge;' found a large increase in TTS at a stimulus
intensity of 90 db. and with a stimulus duration of four minutes.

Their negative results with short stimulus durations may result fron
chance errors associated with the small amounts of TITS produced when
the stimulus and test frequencies have the seme value. The majority
of the shifts they recorded ﬁnder these conditions were less than 5 db.
Hovever, it seens more likely that ITS at a 1000 cps test fregquency
does not show any sudden increase with increased stimulus intensities.
Careful study of the results of Miller (1958) reveels that TTS, after
exposure to white noise, shows a sudden increase at approximately 95 db.
stimulus intensity with test frequencies of 2000 - 8000 cps. With test
frequencies of 500 end 1000 éps it shows no such sudden increase..
Lawrence and Yantis (op. cit;) have also obtained negative results witk
a 1000 cps stimulus end Davis et al. (op. cit.) have shown that test
frequencies of 2000 - 6000 cps 'ai‘_e moat affected by high intensity
stimletion. Hirsh and Bilger categorically state that when TTS was
measured at a test frequency a half octave above the stimulus frequency
"above 90 db. the emount of .......... THL increases sha.'t'pil.y.“:l
Lawrence and Yantis (op. cit.) used TTS and overloed (frequency
distortion) to measure the effects of preceding stimulsation on the
respoﬁses of the ear. They used the Be’ke/sy technique to measure both
the TTS and the overlocad. In.t.he case of overload, the phenozenon of
beats between aural harmonics and the test tone determined the vidth and
mean point of fluctuation during the Bekesy tracing. They found that |
although there was no increase in TTS, there ;ras an increase in overload
with increased intensities of stimuletion. Lawrence and Yantis's results
can be criticised because they measured TITS at a test frequency equal to
the frequency of the stimulus tone. We have already seen in the case
of Hirsh and Bilgers results that under these conditions TTS is very
small and it is difficult to make an adequate assessment of any changes.
Another criticism of Lawrence and Yantis's results is that although they

1 THL (Temporary Heering Loss) was the term used by Hirsh and Bilger,

but it means TTiS.
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22. |
state that "post-stimulus fatigue ........... showed little variation -
with stimulus intensity" their results were not completely negative.

Platé 111 reproduces results thained by Lawrence and Yantis in another
experiment designed to ascertain a suitable intensity for the cormencement
of the overload experiments. | In these they did measure TTS not only
at equal test and stimulus frequencies but also at test frequencies a
half an octave and one octave above the stimulus intensity. It can be
seen from the plate that under the latter conditions, there are sudden
increases in TTS at approximately 100 db. as the stimulus intensitf is
increased. However, in discussing their results they completely ignorel
this and concentrated upon the results obtained with equal stimulus and
test frequencies.

Stimuli even e.t/low intensities which normally produce very little
observable TTS nay pr/oduée an increased susceptibility to TTS. This
was suggested by studies of Trittipoe (1958 a and b) in which he stimulated
subjects for 3 minutes with 118 db. noise after previous exposure to
either 15 minutes silence or 15 minutes noise at a variety of intensitiés
ranging from 48 to 88 db. These stimmli, according to Trittipoe,
produced no observable TTS. He found that TTS was significantly affected
by tke previous noise exposure. However, there were wide individual
differences. The result is dependent upon Trittipoe's statement that
the noise at the 48-88 db. level produces no observable ITS. Unfortunately,
he did not use a "comercial” noise so we cannot directly judge for his
pérticular conditions. Howevér', there is great mnouﬁt of information
available to show that exposures at this level do produce TTS if the
latencies are sufficiently small. (See for exsmple Causse and Chavasse,
op. cit. and Hood, op. cit.) -

The incorrectress of Trittipoe’s .assmnption is confirmed by more
recent experiments of Ward (1961). He used stimulus intensities of
60 and 70 db. to produce latent effects. However, he took precautions
to prevent the obgseryable TTS effects produced by the pre-exposure
stimli from affecting subsequént measures of TTS. Under these conditions
he found "that latent effects"'are at best neglible." It seems unlikely
that exposures at stimulus intensities less than the critical stimulus

intensity (approximately 95 db.) would produce true residual effects
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for stimius intensities greater than the criticel stimulus intensities.
Iﬁtensities above and below the critical intensity seem to be associated
with different TTS phenonenon.

In sumary it would appear fairly well established that there
exists a critical stimulus intensity of approximately 95 db. Below
this the differences in TT_S.with stimulus intensity are slight; whereas
above this, TTS increeses lineerly with stimulus intensity. The
effects observable above the critical stimulus intensity do not reveal
themselves at a 1000 cps test frequency. They are probably associated
with the two phases of recovery fron TTS. The high intensity effects do
not appear to be affected by prior stimulation at intensities less than
the critical intensity.

() Stimulus Freauency. The earlier work of Ewing end Littler (1935)
and Rawdon-Smith (1934 and 1936) indicated that stimulus frequencies
above 1000 cps produced more TTS than stimulus fréquencies of less than
1000 cps. Béke/sy (1929) even reached the erroneous conclusion that
frequencies of less than IOOO eps did not produce any ITS. However,
Béke’sy's result probably arose from the lack of a suitable technique
to obtain a rapid determinatiox_z of the post-exposure threshold. Hence
by the time he had mea,suredl_the post-exposure threshold, the ITS effects
had been dissipated.

The first conprehensive study on tke role of the stimulus frequency
in producing ITS was .c&ried out by Davis, Hawkins, lorgen, Gelambos and
Smith (1950). Using stimulus intensities of 120 to 140 db., these workers
found that a 500 cps stimulus tone was least effective in producing TTS,
that 1000 and 2000 cps stimulus tones were equally effective in producing
TTS and that a 40C0 cps stimulus tone was most effective in producing
ITS. Hovever, a careful inspection of their results reveals that for
some individual subjects, a 2000 cps stimulus tone was slightly more
effective than a 1000 cps stimulus tone.

These results did not agree with results published earlier by Causse -
and Chavasse (1942-43). Using a test frequency equal to the stimulus
frequency, they found that fatigue was maxiwal >at a stinulus frequency of
3000 cps with stimulus intensities of 30-40 db. However, since they did
not use stimulus/test frequencies of 2000 and 4000 cps, it may be that the
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3000 cps peak is simply an artifact. However, it seems unlikely that we
can explain the discrepancy in this way, since Hood (1950) obtained
maximal TTS at 900, 1800 end 2700 cps stimulus frequencies. 4 more
important difference between the work of Causse’ and Chavasse and
Davis et al. is that they used very different stimulus intensities.
It has been established (see pages 17 to 21) that there is a change in
the nature of TTS at the critical stimulus intensity of approximately
95 db. Since Caussé and Chavasse used stimulus intensities of 30 to
40 db. and Davis et al. used stimulus intensities of 120 to 140 db.,
they were obviously measuring two entirely different effects.

If Baussé and Chavasse had tested more intermediate frequencles
they might well have obtained similar results to those of Hood. It was |
stated above that he found that ITS was maximal at stimulus frequencies
of 900, 1800 and 2700 cps. His results also show that TTS at these
peak maxima increases as the stimulus frequency increases. Thus TTS
at 900 cps is less than TTS at 1800 or 2700 cps, although it is greater
than at all other stimulus frequencies. Similarly TTS at 1800 cps is
less than TTS at 2700 cps. He makes no reference to a maximum at
4000 cps and agein this is contrary to the results of Davis et al.
However, two of the individual results that he shows do have a further
maximum at about 4000 cps. In his mean graphs no frequencies above
3600 cps are shown. Hence it is impossible to judge whether such a max-
imum was present. Hood relates his work to the work of Derbyshire and
Davis (1935) on equilibration and the volleying of the auditory nerve.
Thﬁs at approximately 1000, 2000 and 3000 cps, the auditory nerve filres
are firing at their maximal rate and consequently the time between
impulses in individual fibres is only fractionally greater than the
absolute refractory period of the fibres. He hypothesised that TTS
would be maximal at these frequencies since the nmerve has virtually no
time to recovery between successive impulses.

Degpite the excellent quality of Hood's work it can be criticised
on three points :

(i) He used only one stimulus intensity to study the effect.

(41) He used a stimulus intensity of 100 db. which is very
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close to the critical stimmlus intensity.

(1ii) He measured TTS at a latency of one minute which,

as we shall see later, is a transition point in the

two stages of rec?overy from TTS (see page 17 ).

The criticisms do not invalidate Hood's wox;k but they do mean that

" further experimentation is necessary before the results can be accepted
as being generally applicable. The author's own work has shown that
there are limitations on the conditions under which Hood's results
apply.

‘The greater influence of 4000 cps in producing TITS at ﬁzoderately
high intensities is confirmed by results published by Ward, Glorig and
Sklar (195%). They found that when octave band noise was used as a
stimulus, maximal TTS was produced by the band 24C0 - 4800 cps at:
stimulus intensities of 90 to 105 db. Thompson and Gales (1961) have
shoun that TTS at 4 ke is independent of the bandwidth of the stimulus.

- They u’séd noise stimuli at a sound pressure level of 110 db. and with
bandwidthsof up to one octave. Hence it scems safe to conclude
that the results of Ward et al. indicate the greater effectiveness
of 4000 cps pure tone in producing TTS. Hirsh and Uard's work (1952)
on diphasic recovefy from TTS is also indicative of the twofold
nature of the stimmlus frequency variable. They state that "after
acoustic. stimulation .by -sounds containing gt leagt gome frequencies
below 4000 cps the redovery of the auditory threshold ........ is
represented by a diphaéic curvé."

In conclusion it would appear thet depending uporn the severity
of the exposure and particularly upon the stimulus intensity, ITS is
maximal at 1000, 2000 and 3000 cps or at 4000 cps. With intensities of
less than appro:d_mately 85 to 100 db. the former condition seems to prevail
It is difficult to predict what happens at higher intensities, s;lnce
an intensive study of thesé has not been reported. Davis et al. (op. cit.)
used only frequencies of 500, 1CC0, 2000 and 4000 cps and the bands of
noise -of Ward et al. (op. cit.) were too wide to determine any inter-
mediate frequency effects. 4 4000 cps stimulus is the ﬁost effe'ctive of

those extensively tested, but whether the maxima at 1000, 2000 and 30CO
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cps still persist, is uncertain.

(d) Test Tone Relationshipg in ITS. Once again BEwing and Littler's
(1935) work was indicative of later results. They suggested that
maximal TTS occured at frequencies above the stimulus tone and that it
spreaed over about two octaves. Perlman (1942) made a similar
suggestion but neither heinf Ewing and Littler had anything more
specific to say on the prdbiem.

The first detailed results came from Davis, Hawkins, Morgen,
Gelambos and Smith (1950) who found that "the greatest loss of
gensitivity occurs at a frequency about half an octave above the
exposure tone." The results.of Davis et al. also showed that a stimulus
tone of duration one or two minutes produced a spreed of TTS over onme
or two octaves. This confirmed the suggestion of Eving end Littler
and of Perlman. However, Davis et al. also noted that with longer
stimulus durations, i.e. 32 and 64 minutes, the range of test frequencies
showing observeble TITS exceeded two octaves.

Kylin (1961) usirg filtered white noise stinmuli has extended the
work of Davis et al. He found the band of test frequencios affected
increases in width as the intensity of stimulation is increased.
Howevér, contrary to the results of Davis et al., he claimed that
whatever the stimulus conditions the band of frequsnciecs affected never
cévered & renge of more than two octaves. This discrepancy does not
seem to be assoclated with the use of noise instead pure tone stimuli,
since one would expect a greater band of fredquencies to be affected
by noise than by pure tones. The discrepancy is more likely to be
a function of stimulus intensity, since Kylin only used stimulus
intensities of up to 115 db. whereas Davis et al. used stimulus
intensities of 120 to 140 db.

Kylin's results certsinly do not hold vhen unfiltered noise is
used as & stimulus. Postman and BEgan (1249) used unfiltered white
noise as & stimulus tone and found that 30 seconds after exposure, a
range of frequencies from 250 to 8000 cps were effected. Since 8000
cps was the highest frequency tested the range of frequencies affected

may have been even greater. However, the range of frequencies most
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geriously affected is from 2000 to 8GO0 cps and this equates with
the 2 octaves suggested by Kylin. Davis et al. (op. cit.) have
suggested that the test frequencies most seriously gffected are from
2000 to 6000 ecps and this result has been confirmed by Ruedi and
Furrer (1946 and 1947)

It is possible in swmarizing these discrepancies to make two
suggestions to explain the differences. These are that :

(i) Kylin's results are not general and that they are an

artifact produced by the use of limited stimulus conditionms.

(ii) Kylin's filtered vhite noise equates more to pure tones

than vhite noise and that his results hold for pure tone

but not for noise stimuli.

The latter suggestion is hardly tenable since Davis used noise as well
as pure tones. Consequently it would appear that the former suggestion
is more likely to be correct.

The results of Dé.vis et al. and Kylin are contrary to those of
Causse e.nd. Chavasse (1942-43) who found that with lov intensity stimulus
tones there is a symme‘trica; spread of fatigue about a test frequency
equal to the stimulus frequency. Earlier results by Béke’sy (1929)
and Rawdon-Smith (1934 and 1936) had also indicated that meximel TTS
occurs at the stimulus frequency. Hirsh and Bilger (1955) have
suggested that for low intensity levelsg of the stimuletion, a test
frequency equal to tha.t‘ of the stimulus tone is most adversly affected
They noted that as the stimulus intensity was increased, TIS spread to
the higher intensities until maximal TTS occured at a test freauency
a half octave above the stimulus frequency. Lewrence and Yantis
(1957) confirmed these results but also noted that.elthough TTS was
maximum at a test frequency of 1500 cps, after exposure to a 1000 cps
tone, recovery from ITS wes slower at a test frequency of 2000 cps
than at a test frequemcy of 1500 cps.

Hood (1950) has resolved the conflict in a series of experinents
in which he observed the distribution of TTS with test frequency at
stimulus intensities of 60, 80 and 100 db. At 60 db. he obtained the

symmetrical TIS spectrum obtained by Caussd and Chavasse. At 80 db.

the higher frequencies shows TTS effects and at 100 db., the higher
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frequencies shov even'greater effects and the maximal TTS occurs at )
a frequency half an octafe above the stimulus frequency.

‘Agein we must conclﬁde that TTS exhibits a dual phenorenon. A4t
stimulus intensities less than the critical stimulus intensity, the
TTS distributes itself symmetrically about the stimulus frequency.

At intensities above the critical intensity, the TTS distributes itself
syrmetrically around a frequency a half an'octave above the stimulus
frecuency. The interrelationships of this effect with stimulus

duration have not been_investigated.
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CHAPTER 1V
co FRQI T=LPCRARY THRWSHOLD SHIFT,

The main experimentel paremeter in recovery from TTS is the
latency. The other-e:qae:'cimental parameters will of course affect the
rate or type of recovery; but recovery concerns itself primal__'ily with
the amount of TiS specifically observeble after given latent". tines.

During the past decade, there has been a great deal of
controversy over the temporal course of recovery fron TTS. Some
workers (see Hirsh and Ward, 1952, Hirsh and Bilger, 1955 and Jerger,
1956) have suggested that recovery from TTS is diphagic. However,
other workers (see Hood, 1950, Harris, 1953 and Epstein and Schubert,
1957) have disagreed with this suggestion and state that recovery is
simply monophasic. Typical "diphasic recovery" curves are showun in plate
1V vhich is reproduced from Hirsh and Ward, (op. cit., page 133} Typical
"monophasic ‘recovery" curves are shown in plate V which is reproduced
fron Hirsh and Ward (oﬁ. cit., page 135).

Hirsh and Ward carried out two scparate experiments into
recovery from TTS. In the first study, clicks varying in intensity in
3 db. steps were used to measure the pre-exposure and the post-exposure
thresholds. Using stimulus tones of 125 to 4000 c¢ps and stimulus
intensities of 120 db., they found that recovery was diphasic. Inspection
of plate 1V r?veals that the two phases in the recovery are :
| " (i) 4n initial rapid recovery of the threshold to normality,

near-norirality or super normality which is complete after

about one minute.

(11) Following the initiel recovery a further gredual

elevation of the threshold which lasts for a further

minute or thereabouts. This is followed by a further

gradugl recovery of the threshold to normality.

They introduced the term "bounce". This referred to the difference between
the lowest threshold value reached in the initisl phase of recovery

and the highest threshold value reached in the second phase of recovery.
They found that bounce was maximal at a stimulus freguency of 500

CpSe. Furthér'experiments with a 500 cps stimulus torne at stimulus
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intensities of 100, 110 and 120 db. and with stimulus durations of
1.5, 3vand 6 minutes, revealed that the amount of bounce increased as
the severity of the stimulus tone increased. This finding was later
confirmed by Hirsh and Burn in an unpﬁblished study (see Hirsh and
Bilger, op. cit.). Similar results were obtained when narrow bands of
noise were used as stimuli instead of pure tones.

In a second series of experiments Hirsh and Ward used the BékéSy
technique to measure the pre-exposure and the post-exposure thresholds.
They used vwhite noise and pﬁre tone stimuli and pure tones of 350 to
8000 cps _énd ten bands of noise covering the range 160 to 6600 cps in
250 mel bands as test sounds. The results showed that the amount of
bounce was greatest for test frequencies covering the range 1000 to
5000 cps. Within this range it was found to be maxiral at 4000 cps. In
the fingl experiment the effects of incrgased oxygen intake on recovery
were found to be slight and there was little evidence of any
facilitatory effects.

Work by Lierle and Reger (1954) indicated that the phenomenon
is related to éﬁe stimulus intensity. These workers did not study the
temporal course of recovery directly. However using a pure tone stimhlug
of 1000 cps at intensities of 20 and 80 db. they found that with a
stimulps duration of one minute, the threshold elevation at 20 db. was
0.28 db. hicher than the threshold elevation at 80 db. When the

 stimulus duration was inereased to 30 minutes the TTS was found to be
_greater at an 80 dp. stimulus intensity.
f Further information on the role of stimulus intensity in preducing
diphasic or monophasic recovery was provided by Hughes (1954) and Hirsh
and Bilger (op. cit.). Hughes used a stimulus frequency of 500 cps,
stimulus durations of one, two or three minutes and a variety of stimulus |
intensities. He used the Békésy,technique for measuring thresholds at
a variety of test frequencies and recorded post-exposure thresholds for
six to seven minutes after the cessation of the stimulus. He rather
confusingly defines "sensitiéation" as the amount of bounce. Hirsh and
Ward (op. cit.) previously used the term to refer to whether or not in
the first phase of recovery the threshold decreased below the value of

the pretexposure threshold. Since sensitizatioﬁ means an incrgase in
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sensitivity, it is felt that Hirsh and Ward's use of the term is more
logical and it will be used in this context throughout this thesis.
Hughes claimed that whenever diphasic recovery was present, 'so was
sensitization and he justified his use of the term on these grounds.

This suggestion is not borne out by later work of Hughes and Rosenblith
(1957). They used clicks to measure the first neural response of the
ear and then used this to study TTS effects in cats. They found that
in certain cases, depending upon the stimulus conditions, their cats
were consistant in showing sensitization but hot diphasic recovery.

Hughes found that no bounce occured with stimulus intensities of
less than 60 db. and that when bounce occured it was maximal at a stimulus
duration of three minutes. The former result was partially confirmed
by Palva (1958) who found that only 107 of recovery curves showed diphasic
recovery with a stinmlué intensity of 30 db. Hughes also found that bounce
was naxiral at a test frequency of 500 cps,i.e. at a frequency equal
to the stimulus frequency. This result does not directly contradiet the
results of Hirsh and Ward (op. cit.) who found bounce was maximal at 4000
cps since Hughes only used test frequencies of 100 to 1000 cps
vhereas Hirsh and Ward tested frequencies up to 8000 cps. It may be that
there are two maxima, one at 4000 eps and one at the stimulus frequency.
Hughes finaliy states that there are usually two intermediate peaks in
the initial recovery phase. However, the author feels that these resuits ‘
from variations in threshold produced by the Bekesy method (see page 45 ),'. '
particularly siﬁce the intermediate peaks reflect very small changes
in the thresheold. .

Hirsh and Bilger (1955) confirmed the relationship between
recovery and stimmlus intensity. Using a 1000 cps stimulus tone at
intensitles of 2C to 100 db. and with >stimn1us durations of 5 seconds to
four minutes, they found that whether recovery was measured at 1000 or
1400 cps, it was diphesic except with stimunlus durations of 15 seconds.

In the latter case recovery was monophasic at all intensities. They also
found that the second phase of recovery was prolonged as the stimulus
duration was increased. They did not confirm the existence of further

opeaks in the first phase of recovery.
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Contrary to the above results Hood (op.cit.), Harris (op.cit.)
and Epstein and Schubert (op.cit.) claim that recovery from TTS is mono-
phasic under all stimulus conditions. Hood used the Bekesy technique
to study a range of stimulus conditions in his comprehensive study of
"post-stimulatory fatigue". KNone of his individual or mean results
show any evidence for diphasic recovery and he makes no reference
to ‘it in his paper. However, Hood's results have been constructively
ceriticised by Hix;sh and Ward (op.cit.). The latter point out that
the construction of Hood's apparatus allowed the subjects to position
the subject-controlled attenuator by reference to its preceeding
positions. They state, concerning the absence of diphasic recovery,
that "this grounding produced by spatial organization might have precluded
the appearance of this temporal change."

Harris used stimnlus intensities of 120 to 140 db. and failed
to find any evidence for diphasic recovery using a Bekesy technique for
the threshold measurements. He maintained that the results of Hirsh and
Ward (op.cit.) were an artifact produced by tinnitus resulting from
over stimulation of the ear. It is difficult to reconcile this statement
with the fact that he used more seyerg exposure than Hirsh and Ward.
It would be expected that this artifact would be even more evident in
his results. Harris's results were not easily explained until Jerger
(op.cit.) showed that diphasic recovery is limited by an upper as
well as a lower stimulus intensity. Using a 3000 cps stimulus tone
with a stimulus duration of two minutes, he found that at a 95 db.
stimilus intensity there was a sudden increa.sé in the amount of bounce.
As the stimulus intensity was further increased, his results showed that
there was a gradual decrease in the amount of bounce until at 110 db.
it completely disappeared. Spieth and Trittipoe (1958a) have to some
extent confirmed Jerger's results. They show for other reasons curves
of recovery from TTS obtained under a variety of stimulus conditions,
using intensities ranging from 94 to 130 db. in 6 db. steps.
Careful inspection of these curves reveals that diphasic recovery only
occurs with stimulus intensities of less than 106 db. Hence, it would
appear that the negative results of Harris are associated with the fact

that he used stimulus intensities greater than those at which recovery
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from TTS is diphasic.

The negative results of Epstein end Schubert would also seem to
result from the use of an inappropriate stimulus. In experiments which
specifically set out amongst other things to investigate this problem,
they used a stimilus tone of 4000 cps at intensities renging from 70 to 10
db. with a stimulus duration of 3 minutes. Recovery was observed at test
frequencies ranging from 3000 to 8000 cps and they obtained no recovery
curves of the diphasic type. However, Hirsh and Ward (op. cit.) stated
that recovery with a 4000 cps stimulus was monophasic. It is
difficult to understand why they chose a 4000 cps stimmlus in view of
the earlier results of Hirsh and Ward and one would not expect their
results to show diphasic recovery.

| 411 the papers cleiming diphasic recovery from TTS noted that
there were widespread individuel differences in the manifestation
of the phenamenon. Lightfoot (1955) undertook an extensive study of
these inter-subject and intra-subject difference. He tested 24
subjects twice with four stimulus/test conditions and obtained 192
recordings of recovery from TTS. He found that 487 of these were
judged to be monophasic and 52% were judged to be diphasic. He sub-
divided the diphasic results by classifying them into three different
types. These were 3

(i) Those showing only one bounce.

(i1) Those shov:ing two or more bounces.

(ii1) l’hbse shouing a bounce higher than the initial

elevation in threshold.

He found that 54 results showed recovery of the first type, 30 results
showed recovery of the second t.ype, 7 cases showed recovery of the

third type and in 9 cases the judges could not agree on the classii‘ication.
With regard to intra-subject variability, he found that 68 out of 96

pairs of tracings involving the same stimulus/test conditions were
consistent, 24 out of 48 sets of four tracings involving the same

stinulus conditions were consistent, 13 out of 48 sets of four tracings
involving the same test donditions were consistent and 1 out of 24 sets

of 8 tracings involving all conditions was coneistent. Only one subject .
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was ccmpletely'consistent in Showing'diph&sic recovery in all of the
experimental sessions. .
| However, the impressidn gained'frum this study is that the
widespread individual variations in recévery are as much a quastion

of experimental technique as of real individual variability. Judgements
are notoriously unreliasble and the initial figures of 48% monophasic
and 527 diphasic seem to be "statistically” suspicious. A4nother
factor to be born in mind is that Lightfoot used the Békésy technigue
for measuring the threshold. We have already referred to the lack of
 knowledge of what this technique actually measures (see page 5).

The above suggestion is supported by the work of Hughes and Rosenblith
(op. eit.) who found with ecats that“tﬁs recovery of the neural response
from "adaptation” (TTS) consistently showed diphasic recovery or |
monophasic recovery under the appropriate stimulus conditions.
Furthermore, Lishtfoot's results are not confirmed by Thompson and
Gales (1961) who found that under the appropriate stimulus conditions,
®if an ear's mean curve shows "bounce” the individual eurve for each
stimulus type shows "bounce" alsofP
Recovery from ITS exhibits the typical dual nature of the

phenomenon. The differénces between monophasic ‘and diphasic recovery
seems to be & facet of the stimulus conditions. Low or extremely high
intensity stimuli give a monophasic recovery whereas stimuli of an
intermediate intqnsité giﬁe diphasic recovery. Stimuli of less than
4000 eps produce monophasic recovery, whereas stimuli of more than 4000
cps do not. The effect manifests iteelf most plainly at a test

frequency of 4000 cps.
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CHAPTER V.
LECHANISMS OF ITS.

Davis, Morgan, Hewkins, Galambos and Smith (1950) have
suggested that TTS effects are related to temporary demage to the organ
of Corti. Hood (1950) relates some of his findings to equilitration
and some to place and frequency theories of the action of the cochlea.
However, the first reelly systematic attempt to formulate a theory
regarding the mechanism of TTS came from Rosenblith (1950) in 1950.

He noted that TTS and masking are similar in that both produce 3

(i) "chifts in threshold.” |

(1i) "Changes in loudness.”

(11i) “Changes in Bitch.®

(iv) "Effects upon localization."

(v) 4 symmetrical spread of the effect with low intensity

stimulation, whereas high intensity stimulation produces

an asymnetrical spread of the effect.

Experiments were reported in which changes in potential were recorded

from the rownd window, the cochleer nucleus and the auditory cortex.

The changes were associated with both masking and TTS stimuli and were .
recorded with humen and animal subjects. Rosenblith concluded that,
"although it is clear that the two effects cannot be unrelated unless

we assume some strange discontinuities in the behaviour of the auditory
system, it would seem to be going unnecessarily far to identify even

the short-term after effects of an exposure stimulus as regidusl magking. "

Rosenblith's suggestion that TTS is nbt. entirely, if at all,
explicable in terms of residusl masking is supported by later experiments
‘of van Dishoek (1953). These experiments directly cbmpared TTS and
nasking effects for a 1000 cps stimulus. The distribution of these
results over given test ﬁones vere similer. Hovever, the amount of
TTS was much greater than fhe emount of threshold elevation produced
by masking. Miller (1958) has approached the problem in emother way
and meesured TTS for critical band stimulus tones producing equal
masking effects. On a residual masking theory of TTS cne would

expect that such stinuli would produce equal TTS effeets. - However,
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Miller found that this was not the case. A4 careful control experiment
showed that frequency differences within critical bands could not accoun
for this phenomenon.

The relationship between masking and recruitment suggests that the
masking phenomenon is associated with the organ of Corti (see Garner,
1947). Despite the dissimilarities between masking and TTS, this does
suggest that TTS may be an effect associated with the organ of Corti.
Hood (op.cit.) implicitly assumes this when he discusses the theorétical
importance of his results in terms of place and frequency thecries of
hearing. Huizing (1949) offered further evidence for this suggestion
when he reported that subjects suffering from recruitment show a greater
than normal susceptibility to TTS. Jerger (1955) has confirmed the
importance of the inner ear in mediating TTS effects by studying the
critical duration of a test tone. Miskolozy - Fodor (1953) has shown
that the critical duration of g test tone stimniung is decreased in cer-
tain thpes of perceptive deafness. Below this critical duration the
threshold alters as the test tone duratlion is decreased. Jerger measured
thresholds at 4000 cps after stimulation by thermal noise and found that
the critical duration was decreased in a similar manner to Migkolozy-
Fodor's results. Since perceptive deafness is an inner ear phenomenon,
we can assume that Jerger's results localize TTS in the inner eér.

Organ of Corti localization has been confirmed by Hallpike and
Hood (1951). These workers used a binaural balsnce technique to measure
the effect of TTS on the loudness of pure tones. They compared the
development of changes in loudness as the stimulus duration was increased
with sensory adaptation as it occurs in the stretch receptors of the
muscle (see Mathews, 1939). They found a very close agreement between
the two sets of results. In further experiments they directly compared
ITS effects and recruitment and found them to show similar loudness -
duration relationships. Hence they concluded that TTS is associated with
sub-normal functioning of the organ of Carti. More direct evidence of
the role of the organ of Corti of TTS effects is to be found in studies
utilizing direct recording of the cochlear microphonic. Unfortunately,

the only direct study of this nature is by Hughes and Rosenblith (1957).
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These workers have shown that recovery of the cochlear microphonic
exhibits many similarities to recovery from TIS.

Gardner (1947) has suggested a possible theory explaining the
role of the cochlea in producing TTS. He suggests that TTS is mediated
by means of "fatigue patterns" developing on the basilar membrane and/or
the organ of Corti. He suggests that upon the termination of the
stimulus tone, the fatigue pattern remains but gradually decreases in
spread as the latent time increases. 4n applied test tone will be
responded or not responded to, depending upon its own deformation of the
membrane and the relationship of its own pattern to the fatigue pattern.

Koide, Yoshida, Konno, Nakano, Yoshikswa, Nagaba and Morimoto
(1960) followed up the work of Wever, Lawrence, Hemphill and Straut (1949)
and Gulick (1958) on the production of temporary and permanent increases
in the threshold of the cochlear microphonic by oxygen deprivation. The
validity of equating temporary and permanent losses 1s supported by the
work of Gravendeel and Plomp (1959 and 1961) who in case of permanent
losses induced by continuous noise found that "the permanent dip arisses
from the temporary dip by incomplete but symmetrical‘recovery." In the
case of losses induced by intermittent noise they suggest that probably
"the permanent dip arises from the temporary dip by incomplete asymmetrical
recovery." However, the slight uncertainty of the latter statement is
irrelevent since Koide et al. used continuous noises. They found
that "sound stimumlation and oxygen deprivation have similar effects",
that is "decreasing the oxygen tension in the inn;r ear or altering the
conditions of the inner ear blood vessels." After studying these changes
and relating them to histological findings, they forgulated a "physico-
chemical™ theory of the onset of acoustic trauma. It was also suggested
that the same theory could be used to explain TTS effects. The theory
suggests that the metabolic activity of the imner ear is affected at
progressive levels. These levels depend on the amount of oxygen tension
resulting from sound, but not from shock waves. Further study indicated
that these changes were associated with "morphological changes of the
mitochondrial structure of the apex" and suggested that oxygen tension

was at least a "subordinate factor" in producing this effect. This theory
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seems to be important in providing a basic account of how TTS occurs
at a cellular level; but unfortunately it throws little light on
the frequency, intensity and duration relationships of TIS. These
would seem to be aéSpcia.ted with higher levels of functioning, such as
the mode of deformation of the basiler membreame. However, it may be
that the work of Koide et al. will lead to a bilo-chemical theory of TIS
in terms of circnlétory changes in the ear.

The dual nature of TTS does not appear to ‘be borne out by the
experiments relating to its mechanisms. These experiments have usually
utilized severe stimulus conditions and very few of them have utilized a
stimulus intensity of less than 95 db. Consequently ths discrépa.ncy
may partly result from the lack of an adequate study of all of the
variables. However Rosenblith,(op. cit.), Hood (op. cit.) Hallpike
and Hood (op. cit.) and Hughes and Rosenblith (op. cit.) did use less
severe conditions and we should expect some indication of a dual
phenomenon from their work. The only experiments indicatlive of this are
those of Hughes and Rosenblith who found a two phase recovery in the
cochlear microphonje, This finding reveals why the dual nat'qre of TTS
does not reveal itself in experiments on its mechanisms. These
experiments have tended to treat the organ of Corti as a gross structure.
If both effects sre gsgociated with diffevent aspects of the functioning
of the orgap of Corii, then stimuli produeing either effect will produce
a gross cortical localization.

This suggestion is supported by Hood (1956). Hood suggests that the
"inflexion® in the curve of TTS against stimulus intensity at 85-100
db. "suggests a dividing line 'between two different kinds of end-organ
change # those that are physiological and reversible apd those that are
pathological and irreversible.” Similarly Hirsh and Bilger (1955)
have suggested that the two phases of recovery from TIS may possibly '
be explained in terms of the chemical excitability of receptor cells
ahd the excitability of nerve fibres. They do not localize these
effects but it is qﬁite probable that both aspects of such a process

could be localized in the orgen of Corti.
“We can conclude from work on the mechanisms of TS that the effect



41,
is localized in the organ of Corti. However, TTS is not residusl masking.
It mgy be mediated by “"fatigue patterhs“ remaining after the cessation
of stimnlation. These expefiments do not reveal a dual TTS effect,
but this is probably because of the tendency to treat‘therorgan of Corti
as a unitary whole. Diphasic recovery reveals itself in the cochlear
nierophonic. It is possible that the dual TTS effects are associated

with physiological or pathological changes respectively.
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CHAPTER VI
The Be’ke’sy nethod- of threshold measuremeﬁt was introé.uced
by Bekdey (1947), although Oldfield (1949 and 1955) claims to bave
invented it independently. It was novel in that it took away to some
extent the experimenter's control of the indépendent variables of test
intensity and test duration and placed these veriebles under the control
of the subject. The method allows the subject to increase or decrease
the intensity of a sound by pressing or releasing a push button which
controls the drive mechanism of en autonmatic recording attenuator. Thus
he oscillates between just hearing and just not heering a tone and
consequently he varies the intensity of the tone around his threshold.
The most important advantage of the methed is the speed with which
thresholds can be measured. The method can also f_l.ncorpora‘oe en sutomatie
frequency control. Consequently thresholds over the yhole of the audible
freauency raenge can be nmessured and not just thresholds at the conventional
audicmetric test frequencies (125 to 8060 cps in half octave interva;l.s);
Seversel papers have been subsequently published on the effects
of physical va.fi;a.bles, for exmmple varying attenuetion rates and the
use of pulsed or continuous tones, on threshold meesurements recorded
using the Bekesy technique. These will be discussed later. Unfortunately,
there have been no studies specifically designed to investigate the
physiological or psychological processes which underlie the method.
Because of this lack of information many studies utilizing the method
must be viewved with reserve until more information is available.
Epstein (1960) states that "there is no doubt that its potential as
« s+ .+ . . adiegnostic tool has yet to be fully explored." |
| Experiments studying the effects of physical variables on the
threshold recordings have tended to concentrate on changes in the size
of the excursions that the subject makes between responding, i.e.
hearing the tonme, and not responding, i.e. not hearing the tone.

/
Bekesy (op. cit.) indicates that excarsions of about 5 db. can be

considered to be normal. Lunborg (1952) and Reger (1952) using the

same attenuation rates as Be/ke/sy have respectively reported that
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excursions of 6-9 db. are normal. Lunborg also suggests that the
extreme limits of nornality lie between 5 and 20 db.

Epstein (op, cit.) has shown tkat the size of the excursions
also depends upon the rate of attenuation. He found that as the
attenuation rate increased, th9 size of the excursions also increased.
He states that "we measured ranges from 4-9 db., 5-17 db., 8-15 db. andv
10-30 db. for attenuation rates of 1, 2, 3 and 6 db." Corso (1955)
obtained similar results to Epstein's under more limited conditions,
i.e. attenuation rates of 0.5, 1.0 and 2.0 db. / second. Since wider
excursions are more prone to response errors, Coarso sﬁggests tha? an
attenuation rate of 0.5 db. / second is optimum. However, as Epstein
(op. cit.) points out, it is possible that the slower attenuation rates
produce more boredom. This is to some extent confirmed by the results
of Epstein (op. cit.) and Harbold and O'Connor (undated U.S. Navy
publication). These workers showed that faster attepuation rates
produce a lower mean threshold value. Corso (op.‘cit.) originally
disagréed with this suggestion and found that neither the attenuation
rate nor the period of testing affected the mean threshold value. In
a later paper (Corso, 1956) he revised his findings and obtained similar
results to Epstein's. 4 priori the phencmenon of response time would
seem to be an important consideration in deciding an optimum attenuation
rate. This is ignored by Epstein and Harbold and O'Connor. However,
1t would appear that the faster the attenuaticn rate the greater the
backlash, i.e. the more the subject runs over the point at which he
actually responds or does not respond to the tone. The response time
will be much greater than the simple reaction time to sounds, since the
subject has not only to react, but also he has to decide whether or not
| he hears the tone. If we essume for illustration that the response
tire is one second,.th;n at an attenuation rate of 1 db. / second the
width of the excursion will only increase by 2 db. because of this
factor. However, with a 6 db. attenuation rate the width of the
excursion will increase by 12 db.

One reason vhy the width of the excursions between responding and

not responding have been subject to such an intensive study is becemse of
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Béﬁéﬁy's (op. cit.) suggestion that they could be used clinically to
test for feéruitment. Békésy présentéd examples of very narrow excursions
obtained from patients suffering frOm.fecruitment-types of perceptive
deafness. However, Epstein (op. cit{)_has pointed out that there
definitely seemed to exist "narrow swingers" and "wide swingers.”
Although,these only represent the limits of normality,Epstein points ouﬁ'x
that judging from their excursions the narrow swingers would be |
classified as suffering from auditory impairment. |

'Békééf's suggestion that the size of the excursions is
indicativé of recruitment has been supported by Reger (op. cit.)
Lunborg (1953) and lMeurman (1954). However, Hirsh, Palva and Goodman
(1954), Palva (1954), Elliott, Riach and Silbiger (1962) have all
disagreed with this suggestion. Théy"suggest that the size of the
excursions is not indicative of recruitment, but it is simply a msasure
of the difference limen for intensity or of the variabllity of results
around the absolute threshold. Landes (1958) has to some extent resolved'_
the controversy. He found that if the excursiens were measured in
loudness units (phons) rather than intensity units (decibels), then the
excursions correlated more highly with recruitment as diegnosed by
normal clinical tests. However, he noted that "notwithstanding the
significant differences in group means it proved particularly difficult
to assign individual subjects to the normal or recruiting groups on
the basis of measursments from standard automatic audiometry."l

A consideration of date from other studies seems finally to
resolve the controversy. Although recruitment and the difference limen
for intensity are closely related (see Hirsh, 1952, chapter 8), Hiresh,
Palva and Goodmen (op. cit.) point out that recruitment is greater at
the lower speech frequencies, whereas the difference limen for
intensity is greater at the higher ﬁpeéch frequencies. Harbold and
0'Connor (op. cit.) have shown that as the test frequemcy is ircreased,
there is a trend to wider excursions as indicéted in the higher stenderd

deviations obtained. They conclude that since the width of the

1 Standerd automatic audiometry means using a db. rather than a

phon measure.
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excursions is greater at the higher frequencies, it probably does
measure recrultment and not the difference limen for intensity. The
above findings do not invalidate clinical tests such as those of
Luscher and Zwislocki (1948 and 1949) and Denes and Nawnton (1950).
Thesémﬁorkers utilize changes in the difference limen at g constant
Lreguency to measure recruitment. Hence, frequency relationships will
not interfere with any diagnostic findings.

Békééy andiometry seems to displey the normal phenomenon that
pulsed tones produce lower thresholds than continuous tones (see
unpublished results by Rosenblith and lfiller, reported in Hirsh, 1952,
page 102). Corso (1958) Jerger and Carhart (1958) have both confirmed
this result, using the Békééy technique. Harbold and O'Connor (op. cit.
disagreed with these results and found that pulsed tones resulted in
higher threshold values. However, these latter results can be
eritisized since they used an analysis of variance technique which
failed to correct for initial differences in the data arising from
other variables, such as the rate of attenuation and whether the
frequencies were measured in an ascending or in a descending order.

An importent phencmenon associated with the Bekesy technique
appears to have been completely ignored. Bé&ésy noted in his original
paper that when a subject traced his threshold continuously at one
frequency for.a fifteen minute period, then slow oscillatory changes
of the order of 5 db. occured in the threshold value. Epstein and
Schubert (1957) also refer to these changes. Similarly 0ldfield
(1955) has stated that the differential threshold for intensity “"shows
irregular fluctuations in time,” when méasured using the Békésy
technique. It would appear that in experiments on TIS, these might
seriously affect the results obtained. Hovever, all workers who have
used the teclmique whether in work on TTS or in stud&ing other phenomenz
have completely ignored this phenomenon. This may be because it .does
not occur with the shorter periods of testing. However, no published
information confirms this. Consequently a series of lengthy control
experiments was undertsken as a preliminary to the present study.
These were designed to study these slow oscillatory threshold changes.
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Despite the conpafativély recent introduction of the Bé&é%y
method, we can conciudé'fha£ its usefulness is no longer questioned.
However, at present we have only a limited amount of informetion about
ths effect of the various experimental paraneters on thresholds recorded
using the technique. It seems probable that the width of the excursions
‘between responding and not responding to the tone measure recruitment,
but the evidence for this is not conclusive. There is ﬁirtually no
Iknowledge of other\psycho-phy;ical aspecets of tke method. The method
Vproduces variations in the mean threshold of approximately 5 db., bat
how this compares with threshold veriations produced by other methods is

not knoun.




ER

PART 2,

DESIG

D



47,
CHAPTER V1)
EXPTRLITNTAL DESIGN

(2) Appsratug : Ba.sicall& the apparatus consisted of a Marconi
oscilla,tor, (Type TF8944), a Hein Bridge oscilla,tor,l three Advance low
frequency attenuators, (Type 464), a Marconi attenuator,(Type 338C), a
change-over switch, a Gardners transformer, (Type GR 11471) and a monawral
standard earphone manufactured by Stendard Telephones and Cables,(Type
40264). Full technical specifiga.tions of the instrunents used aere given
in Appendix 1. The arrangement\bf the circuit is shown in a bloek
diegram in figure 2 and it .can be divided into two channels. The first
channel provided the test tone and consisted of the lMarconi oseillator,
one Advance attenuator and the Marconi attenuator. The second channel
provided the stimnlus tone and consisted of the Wein Bridge oscillator
and two Advance attenuators. The output from either chennel could be fed
independently into the earphone by meg,-gs' of the change-over switch end the
transformer.

In the first channel the Marconi attenuator was adapted to provide
a subject or exzperimenter controlled source of attenuation. How this was
achieved is indiceted in plate V1 and full technicel details are given in
&ppendix 11l. By the use of gears and by varying the speed of the driving -
motor the attenuator could be adjusted to provide rates of attenuation of
0.5, 1.0 and 1.5 db. / second. Two switches veried the smount of
attennation provided by the instrument. One was controlled by the subject
and the other was controlled by the experimenter. The switches were
arranged in parallel a;xd so worked independently of eaeh otker, If
eitber of the switches was closed the drive motor was activated and the
amount of attenuation provided by the. attenuator increased. Uhen the
closed switch was opened, then direction of the motor drive was
antomaticelly reversed and the emount of attenuation provided by ths
attenuator decreased. Uhen the extremes of the attenuation available were
reached, the drive motor automatically évdtched itself off at the lower

extreme or at the upper extreme rapidly reversed its direction and hunted

1 This was constructed from a circuit published by Williemson (1956).
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backward and forwards. This prevented the attenuator being driven
beyond its limits and so damaging the instrument. Any alterations
in the settings of the attenuator were automatically and continuously
recorded on a strip of paper 4% inches wide moving at a constant speed
of 1 inch per minute. Figures-Sa, 5b and Sc (see page 67) are examples
of the records obtained in this manner.

The standard earphone was calibrated at the Natlonal Physical
Laboratory, Teddington and its intensity response re dynes / @® vas
known at fixed frequencies ranging from 125 to 8000 cps. The
calibration chart for the earphone is given in Appendix 1ll. From a
knowledge of the attemmator settings and by reference to the
calibration chart, the intensity of a given tone could be calculated.
Alternatively, by pre-setting the atfenuators the intensity of a tone
could be adjusted to any required value within the range of the |
attenuator settings.

Testing was carried out in a specially constructed cubicle
built from brick, wood, fibre glass and acoustic tiles. 4 plan of the
cubicle is given in figure 3. It can be seen from the plan that the
walls consisted of a 4 inches thickness of brick, a 6 inches thickness
of packed fibre glass and a & of an inch thickmess of acoustic tile.
The roof was similarly censtructed but had an additional alr space ranging
from 1 foot to zero inches in thickness. The internal walls and ceiling
were constructed on a wooden frame which was structurally separate from
the external walls. The room had double doors. The external door was
constructed from plywood mounted on a wooden frame. The internal
door consisted of a ¥ of an inch thickness of acoustic tile, a 1 inch
thickness of fibre glass and a second & of an inch thickness of
acoustic tile. 4n air gpace of 6 inches existed between the two
doars. The effectiveness of the sound insulation will be discussed
later (see page 187). ‘

4 signal light system enabled the subject and experimenter
to communicate with each other when the subject was in the test room.

As well as the subject's part of the signal light system, the following
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equipment was situated inside the test toom :

(1) A chair for the subject to sit on.

(ii) 4 push-button switch attached to the arm of the

chair which contreolled the subject / experimenter

controlled attenuator.

(1i1) The monaural standard earphone.

(iv) 4 wall socket into which the eérphone could be

plugged.

(v) & 60 watt illumination light situated in the roof.

(v1) A carpet.
No ventilation was provided in the room because of the great difficulty
in providing ventilation vhich was adequately sound-proofed. However,
a high powsred electric blower was availsble to clear the air in the
recom when required.

(b) Subjects : Twenty-four subjects were used in the experiments.
Six were female and eighteen were male. The subjects were divided up
into groups of six.for use in different parts of the study. 411 the
subjeets were young (18-23 years old) undergraduste members of the
department of Psychology in the University of Durham. The only
information they were given concerning the experiments wes that they wer§~;
to study changes in the threshold of hearing resulting from stimmlation-
of the ear by preceding sounds and that there was no denger of any
permanent iﬁjdry.» The predcminance of male subjects was not thought to
be important since Ward, Glorig and Sklar (195%) have shown that there |
is no significant difference in susceptibility to TTS between men and
wamen. Prior to the experiment the subjects were carefully sereened to
eliminate any subjects suffering from abmormalities of hearing and/or
abnormal susceptibility to TTS.1 Two tests were used for this purpose.
They were : ‘

(1) 4 modified method of limits determination of pure tone
1 This was done so that there would be no danger of susceptible subjects

suffering from permanent losses of hearing acuity.
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thresholds end & comperison of these thresholds with

the date of Sivien and White (1933).

(11) Carharte (1957) test, which utilizes TTS to test

for recruitment. |
Full details of the screening procédure and the results obtained are
given in Appendixz 1V.

(c) Genersl Procedures The subjects attended in palrs for test
sessions lasting from 1% hours t; 2 hours. The sessions were sub-d;vided-
into approximately 15 minute test periods and while one subject was
being tested the other subject rested. Sataloff (1957) amd Glorig
(1958) have suggested that fifteen minutes is an adequate rest period
before administering audiametric tests to workers in noisy industries.
This they claim allows for recovery from TTS. Since the exposures
used in the experiment were only of very short duration compared with
industrial exposures, a fifteen ninute recovery period wes thought to
be adequate. A control experiment to check this was performed and
will be described later. The subject/experimenter controlled attenuator
was set to an attenuation speed of 0.5 db/second.

(&) Trainipg : Prior to the commencement of the experiments, the
subjects were first given training in the technique of threshold
measurement using the Bekesy method. This training had three
purposes :-

(1) It familierised the subjects with the manipulation of

the switches and the wearing of the earphone.

(ii) It femiliarised the subjects with the tones used and

with the detection of such tones at very low intensities.

(111) It eliminated practice effects in the experiment

proper.

The subjects were each given two practice sessions of 1} hours and
two of the subjects who hed difficulty with the teclmigue were given
a third practice session.

Prior to the first practice periocd of the first test session,
the following instructions were given to the subjects :

"iihen you enter the cuhicle'Sit down, place the earphone
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on your left (right) e‘é.r end adjust it witil 1t is

comfortable.” {Diring these instructions the subjects

vere shown the cubicle end the earphone situated in

the cubicle). "Once you have adjusted the earphone so

that 1s is comforteble do not intepfere with it until

you cone out of the cubicle at the end of the test

session. In the earphoné you will hear a sound

similar to the sound of a tuning fork. On the right

hand side of your chair is an arm with a push-button

switch attachbed to it. If you press this button, the

tone will gradually decrease in loudness until_ jou

cannot hear it any more. If you then relcase the

button, the tone will graduelly incresse in loudness

until you can heer it again. that I went you to do

is to fluctuate botween' just not hearing ‘the tone and

just hearing it, by pressing and releasing the button.

If you press the button the tone automatically decreases

in loudness; if you do not press it, the tone

antomatically incresses in loudness. So when you thixk

you gen heap the fone, you presg :the button and yhep

You think you capnot heer the fone, you release or do not

press the button. Do you understend?™
The subject was then allowved to ask questions tiit the replies were
always given within the freﬁevork of the sbove imstructions. They were
also allowed to listen for a few seconds to ome of the tomes being
tested and told that the sound they would be listening to would "be
similar only much quieter." This procedure was repeated for the
second practiece period but thereafter, the subject was sinply instructed
to "trace your threshold as in the previous trials."” The subjects
traced their threshold for fifteen minute periods with a test period of
fifteen minutes between each practice period. Practice was given with
frequencies of 1000, 1500, 2000, ‘3000, 4000 and 60C0 cps. The order of
training was rendonized for different subjects.

(¢) stimy lns Tone yerisbles : Davis, Morgan, Hawkins, Galambos
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and Smith (1950) aprd Hood (1950) have shown that with high intensity
stimuli, maximun TS is produced at a frequency half an octave above
the stimulus tons frequency. Hence throughout the course of these
exper iments, the test. t;one vas always maintained at a frequency half
an octave above tﬁe particuler stimulus tone under imvestigation.
The procedure followed in each experirental trial vas :
(1) A pre-exposure periocd during which the subject
traced his threshold for a given test tone for two
minutes.
(i1) An-ezpésure period during which the subject
listened to a pré-determined stirzlus tone.
(111) 4 post exposure period during which the subject
traced his threshiold for the given test tone for a
- further three minute period.
The following instructicne were given to the subject on tke first and
second experimental trials : |
"On entering the cubicle, I want you to trace your
threshold as before. However, after you have been
doing this for about two minutes, the signal light
will go out and the tome will change. Uhen this
happens, I want you to stop tracing your threshold. |
The second tone will be much louder than the first
and while it is on you are not required to do anything.
After a given péﬁriod, the signal light will come
back on and the tome will revert to the original
tone. I want you to recommence tracing your thresh-
old when this happens. Remember yhen the signal
Light is on, you must trece your threshold and when
| it is off, you must not irace your threshold.”
Two gtoups of six subjects vere used in these experiments and they
were subjected to the following experimentel cornditionss
(1) Condition A: TTS was recorded for a fixed stimulus

frequency (1000 cps), with fixed stimulus intensities
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(70, 90 and 110 db. re 0.0002 dynes / en®) and at yerying

stimulns durationg (0.5 to 7 minutes in half minute

intervals). |

(i1) Condition B: TTS was recorded for a fixed stimulus

frequency (1000 cps),with yarying stimplus intengitiog

(70 to 120 db. re 0.0002 dynes / @’ in 5 db. steps) and

at fixed stimmlus durations (1, 2 and 3 minutes).

(1i1) Condition C: TTS was recorded for ¥ _g;xinn gtun ug

freauencieg (500, 750, 1000, 1500, 2000, 2500, .,ooo 8500, 4000

and 6000 cps), with fixed stimulus intensities (70, 90

end 110 db. re 0.0002 dynes / cm®) and at fized stimulus

durations (1, 2 and 3 minutes).
In each of the three conditions, the order of testing of the variables
was randomizéd. One group of the subjects was used for Conditions 4 and_B
and the other group was used for Condition C. |

(e) Test Tope Iarigb;g : As in the experinents on the stimulus
tone variables the prOCedufe'involved & pre-exposure, an exposure and
a post-exposure period and the instructions given to the subject were
exactly the seme. Stimulus tones of 1000, 2000, 3000, 4000 and 6000
cps were used and their effect on various test f;equencies investigated.
Since the subject / experimentér controlled attenuator used a continuocus
tone, it was not possible.- to inveétigate the effect of test tope duration. *
Bach stimulus tone was used'ﬁnder four different conditions. Thess were:

(1) Yith a stimilus intensity of 70 db. and & stimulus

duration of 1 minuﬁé.

(11) With a stimulus intensity of 70 db. and & stimulus

duration of 3 minutes. |

(1i1) with a‘stimuluslintensity of 110 db. and with a

stimulus duration of 1 minute.

(iv) Vith a stimulus duration of 110 db. and with a

stimulus duration of é minutes.
TITS was measured for each of the five stimulus to?es under each of

the four conditions, using test tone frequencies of 500, 1000, 1500, 2000,
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3000, 4000, .6000 and 8000 cps. The order of testing of the teat tanes
and the associated stimulus conditions wasrandonﬁzed. "'On.'e"- gronp of
six subjects was used for ,tfhese 'e::pei-ixne:i:i:téV.‘j | _ _

(£) B_e&gm m ;T'_l‘_ﬁ: Two sepm-ate experiments were carried out |
on recovery from TTS. These were 3 o ' o

(1) an exper:lment stndy:lng the t:l.me taken for the threshold to

recovery to normality.

(14) 4 study of all’ tshe material gathered in sections

(@) and (e) on the stimulus end test tomne variables. |
The apparatus used in the fif;‘jgt egperment on the time for the threahoid )
to recovery to normality, differed slightly from the apparstus describod
earlier., However, apm-tfrem the non-inclusion of the équ_éci; / experi-
menter controlled a‘t;tenué‘l‘;bf it was _essentféllj the same as that used in
the first (test tone) channel of the previcus spparatus. Full details .
of the'apparatus and the four subjeots used are reported in an article
by Rodda '(1962) 4s in the experiments on the stimulus and test tone
variables, the precedure: :Ln'v-olved a pre-exposure, an exposure and a
poat—exposure pariod. Houever, in this experiment, the stimulus and
test tome frequencies were _quays the same for any one emerimepta;l
trial.

| The threshold in. the pre-exposm'e per:l.od wae determined nsing a

modified m‘bhod of limits. It was always determined in an ascehding
direcﬁon and. a hrmdred per. cent response criterion vaa ulways used In
" this period the intensity of the tone was adjusted to about 20 db. below
the threshold for the subject at the particular test frequency being
used. The tope was pulsed with equal on-off times of spproximately |
0.5 seconds. The intensity wes increased :l.n 1 db. steps uhtii:-' the subject -
responded to ‘ﬁén consecutdve a‘pplicaﬁone'fof the tcﬁe at a given intensity.
At this point the 1ntens:lty of the tone was recorded and this was taken |
as a measure of the subjeet's tbeahold. Dur:lng;ﬂue expogur,e,p.e.riod the

1 The raw data presented in this experiment was used in a thesis preaented
in part requ:!.rements for the degree of B. .SC a;t the Univers‘ity of Durhem.
Howeve_xg,-the._.treghnent of the data in this thesis is conmletfeiy-'_differentg



58.

tone was continuously applied. to the ear of the subject for a period

of one minnte. After this, the tone was cut off and its intensity
adjusted to the threshold value determined in thé pre-exposure period.
During the post-exposure period the tone at.tﬁi'eshold intensgity was
again pulsed and applied to the ear of the subject. The time from the
cessation of the stimnlus tone to the subject's first response to the
test tone in the post~exposure period was recorded. This gave a measure
of latent time. In order to work to the hundred percent threshold
criterion, the tone was applied to the ear of the subject for a further
period following upon his first response. If the subject failed to
respond to the consecutive applications of the tone, the result was
discarded and the trial repmated later in tﬁa experimental period.
Subjects were given practice sessions using a stimulus / test freguency
of 1000 cps.

Frequencies iof; 1000, 2000, 4000 and 8000 cps were used in the
experiment. Each frequency was tested in turn but the order of testing
was randomized for the different subjects. Half -of the subjects ware
‘tested on the right ear and half on the left ear. The intensity of the
stimilus tone was varlied from 10 to 110 db. re the subjects threshold in
10 db. steps. The actual physical intensities represented by these
variations, ranged from 18.1 to 100.8 db. re 0.0002 dynes / . Three
trials were given at each stimmlus intensity and the order of testing of
the different trials and the different intensitiss was randomized. 4
mean latent time for each stimulus intensity was obtained by taking the
mean of the trials at that intensity.

The secbnd series of experiments on recovery utilized the data
collected in the ezperiments on the stimulus and test tone variables.
These necessitated the recording of threshold recovery for a period of
three minutes following the cessation of the stimulus tone. A4 total of
1950 results were obtained as follows :

(i) stimulus Tone variables

Condition '4': 42 results for six subjects
Condition 'B': 33 results for six subjects
Condition *C': 90 results for six subjects

(1) Test Tone variables

160 results. for six subjects
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Each of the individual results were studied to aécerta:fm whether
Tecovery was diphaSié, \-rhethér recovery showed a sensitization period and
whetker bounce was higher than initial TTS. The mean of the first two |
transition points in the posf.-en:posure period was also recorded and this-
was taken as a measure of initial TTS. Finally the difference between
the threshold after its initial return to norﬁélity and its subsequent
"highest value was calculated. This wes recorded as a measure of the
emount of bounce.

(g) Control Bxoeriments : Four control experizents were carried out.

Their function was to test :
(1) Uhether the recorded TTS could result from chanega
variations in threshold méa.surements.
(11i) Yhether diphasic recovery frem TTS could result
from the use of the Be/ke/sy methed of threshold tracing.
(i1i) To test whether TTS was additive over the periods
of time involved in the experiment.
The experiments were as follovs : |
(1) Expericents in which the stimulus tone was replaced
by a period of silence.
(ii) Experiments in which variations in threshold using
the Bekesy method were compared with verietions in threshold
using threshold measurements obtained by the method of
limits. |
(1i1) Experiments which compared the tracing of thresholds,
using the Béke’sy method, for sﬁort periods and for long
periods..
(iv) Experiments to test whether TTS preoduced additive
effects over the 1% to 2 hour test session.
(v) Bxperiments to measure the ambient noise level in
the specially constructed sound-proof room.
The procedure usgd:; in the first séries of experiments, in vhich
the stimulus tone was replaced by the period of silence, was exactly
the same as the procedure adopted in studying the stimulus and test tone

variebles. To avoid any "expsctancy” or other similar factors affecting
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the results, these experiments were carried out in conjunction with the
experiments on the test tone variebles. The same group of subjects were
used and the control trials were introduced into the randemized brder of
testing of the test tone variebles. The subjects were not informed that
in certain cases the stimulus would be replaced by a period of silence.
However, after the first control trial they usually comﬁented on the
absence of the stimulus tone. In this case they were informed that this
was deliberate and they were not to worry about it. Three periods of
gilence (1, 2 and 3 minutes) were used with test frequencies of 1C00, 4000
and 6000 cps. This gave a total of nine control results for each of the |
six subjects used.

Two subsidiary experiments were carried out to compare threshold
veriations using the Békesy method with threshold veriations using a
modified method of limits. These were :

(i) A direct comparison of the two methods.

(i1) Experiments on recovery from TTS in which threshold

measurements were obtained using a nodified method of

linits instead of the Bekdsy method.

The procedure adopted in threshold measurements using the modified method
of limits necessitated the use of the first channel of the apparatus.
However, instead of the settings of the subject / experimenter controlled
attenuator being controlled by the subject, they were controlled by the
experimenter in the following manner :

(1) Prior to testing the experimenter adjusted the intensity y

of fhe tone to a level about 10 db. above the subject's

threshold for the particular test tone under investigation.

(ii) The experimenter closed the switch activating the

subject / experimenter controlled attenuator and allowed

the intensity of the tone to be gradually reduced by 20

db. He then opened the switch and allowed the intensity

of the tone to be gradually increased by 20 db.

(iii) The firét and second procedufes wére alternated

so that the intensity of the tone gradually decreased and

"increased in loudness over a 20 db. range.
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(iv) Initially the experimenter might vary slightly the

-e:rl:remes of the 20 db. range so that the subject's mean

response fell approximately at the middle of the renge.

Each intensity at which the subjeet chenged his response from hearing
to not hearing and vice-versa was recorded. These points were -'
equivalent to the similar transitions obtained using Be/ke/sy audiometry.

The choice of a 20 db. intensity range was determined after
reference to the data of Steinberg apd Munson (1936). They give
1 3.1 db. as the standard deviation of variations in the response of
an individval subject to pure tone, near ‘threshold' stimuli. Hence,
on this figure 99.8% of 'threshold' responses would fall within a range
of 18.6 db., i.e. M P That this range was sufficient is indicated
by the faet that the subjeets always responded to the tome at the upper
limit of the range and never responded to the tone at the lower limit
of the range.

The comparison of variations in the threshold using Be’ke’sy
audiomeﬁy and variations in the threshold using the modified method of -
linits was carried out :ln the following wéy:

(1) The subjects traced their -threshold for one 15 minute

period at frequencies of 1000, 1500;.2008; 3000, 4000 and

6000 cps, using the Be,ke/sy technique. |

(1i) The subjects traced their threshold for one 15 minute

' period at a frequency of 1500 cps using the modified method

of limits techniqus.

The single frequency of 1500 cps used in (ii) was chosen after the
analysis of the data collected in (i) had shown that variations in
threshold were meximun at this frequency, using the Be’ke’sy technique.

The procedure adopted in the control experiment on recovery from
TTS utilized threshold measurements obtained with the modified method
of limits. Exactly the seme procedure wes used as in the experiments
on the stimmlus and test ttlyne variables except that :

(i) The pre-exposure and post-exposure threshold

measurements were made using the modified method

of limits and not the Bekésy method.
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‘(:l.i) Instead of using a 20 db. range for the method

of limits, the limits taken vere + 3 db. and - 3 db.

above and below the intensities at which the subject

changed his response from not hearing to hearing and

‘Vice-versa.

(iii) The onset or cessation of the stimulus tone was

not signalled since the signal-light system was already

being used by the subject..

The slight fqrt_h‘er"modification of the method of limits deseribed in
(i1) was incorperated to increase the number of threshold responses
obtained in the pre-exposure and-post-exposure test periods.

Testing was carried out with a stimulus tone of 1000 cps. at
intensities of 70; 90 and 110 db. with stimulus durations of one, two
and three '#iinﬁtes. TTS waé measured using a test-tone of 1500 ;:ps.,-
i.e. @ tone half an octave above the stimulus tonc.

The‘next control edperiment compared the tracing of thresholds
for short _pe‘i'ibds end for long periods using the Be/ke/sy rethod. The
seze group of éub_jects were used as for the previous control experiments.
They traced their thresholds for 15 minute periods at frequencies of
1000, 1500, 2000 anid 3000 cps using the Bokesy method. However, instead
of tracing con“tinu,ously for 15 minutes, they traced for 3 minutes and
rested for 2 minuﬁes. This cyele occured three times in the 15
minute periocd. The tracings obtained under these conditions were
compared with their tracings obtaired above, i.e. when the subjects
traced continﬁousl& for the full 15 minute test period. Unfortunately,
two of the subjects used in thé original Be’ko’sj experiments were not
' gvelleble for testing on this latter proceduresand hence results were
aevaileble for only four of the subjecects..

To control for additive effects.of T‘fS the following procedure
was adopted. At stimulus frequencies of 1000, 2000 and 3000 cps, TTS
after exposure to a 110 db. stimulus tone of duration three minutes
was recorded at the beginning and at the end of a test session. The

mean shifts at the beginning and at the end of the test session were

campared for each frequency. This experiment wes designed to confirm
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that the 15 minute rest period during the tegt sessions was sufficient
to allow mot only recovery fron TTS but alsoc recovery fron amy heightened
susceptibility .to stimulus exposures.

In the final cﬁntrol experiment, recordings were mede of the
overall noise level in the test cubicle using a Dawe Sound Level Meter
(type 14CCE) with the 4, B and C frequency weightings. lMeasurements
were teken at fifteen minute intervals for three thres hour periods
chosen to coincide with usual test times. Recordings were also taken
at one minute int.'ervrﬁs'-l for three fifteen minute periods at the beginning,
the middle and the end of these test times.



A study of the comments and tracings of the subjects dwring the
training sessions revealed that a great many of them initially had
difficulty in tracing their threshold using the Be/ke’sy procedure. .The
main difficulty seemed to be in decid;ng whether they could or could not
hear the tone. The subjects said that in many cases they were not sure
whether or not the tone was preseﬁt. However, this difficulty was
usually overcoms in the first or second fifteen minute training period.

Typical results obtained during the first, third and final
training periods are shown in figures 4a, 4b and 4c. These figures
are copies of the‘ recordings obtalned from the subject/experimenter
_ controlled attemmator, using the Béke'-sj method of threshold tracing. In
them, time reads from left to right and attenuation from top to bottom.
Thus a top to bottom movement of the recording indicates a gradual
reduction in the loudness of the tone and a bottom to top movement
indicates a gradusl increase in the loudness of the tone. The values
written on the edge of the recordings, e.g. + 5 db. on figures 4a and
4b, indicate that the basic intenqj.ty level of the tone was altered by
tilat amount. This was done when the 'éubject reached the extremes of the
subject/experimenter controlled attenuation range and hence was not able
to increase or decrease the intensity of the tone. The ﬁ'oints Ime.‘rked
4, B, C, D and E and all such similar points are Irangition points i.e.
points at which the subject changés his response from hearing to not
hearing and vice-versa. Inspection of the figures reveals that as train-
ing progz-eésed,_ ther_e,. is a gradual diminution of the following :

(1) The rapid and large changes in the mean point of

fluctuation.

(11) The rapid and large changes in thé range between

successive transition points.

(i11) The constant need to alter the attenuator settings

to prevent the subject stopping at the extremes of the
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of typical FEqkdéoy tracingo
obtained during the
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i measured from loft to
right (scalo 1" to 2.2 min.)
an intcngity from top to
bottom (cecale 4% to 14.b4 db.).
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Stort
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subject/experimenter controlled attenuator.

The £inal training period (e.g. fiéure 4c) produced a recording that
maintained a fairly congistent mean point of fluctuation and a fairly
consistent range of fluctuation. The aperiodic, cyclical changes in
the point of oscillation will be discussed later. These results
were typical for all subjects.

(b) Stinulue Jone Varigbles.

Figures Sa, 5b and 5c are copies of typical tracings obtained
during the TIS experimental trials. On the tracings are shown the
pre-exposure, exposure and post-exposmre periods. The pre-exposure
and post-exposure t.h.feaholds were calculated by taking the mean of the
ﬁranﬁﬁ.on points'_,i;n each period at which the subject changed his reSponse.
from hearing to noﬁ hearing and vice-versa. TIS on any one trial was
measured by calculating the difference between these two thresholds.

Three experiments were carried out to study the stimmlus tone
varigbles. These were previously listed (see pages 55 to 56) as
follows 3

(1) Condition *4' : TTS was recorded for a fized stimulus

frequency (1000 cps), with fixed stimulus intensities

(70, 90 and 110 db. re 0.0002 dynes / m?) and at yaryinz stip-

slus durstions (0.5 to 7 minutes in half minute intervals).

(i1) Condition 'B* : TTS was recorded for a fixed stimulus

frequency (1000 cps), with varying stimmlus intensities

(70 to 120 db. re 0.0002 dynes / a® in 5 db. steps)

and at fixed stimulus durations.

(i44) Condition *C' : TTS was recorded for yarving

sSkinglys freguencieg (500, 750, 1000, 1500, 2000, 2500,

3000, 3500, 4000 and 6000 cps), with £ized stimalus

intensities (70, 90 and 110 db. re 0.0002 dynes / cn’)

and at fixed stimulus durations (i, 2 and 3 minutes).
The results obtainéd in elach of the experimental conditions are
described in the succeeding sections.

(a) Copdition 'A' : Means values for TTS (see figure 5) were
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calculated for the slx subjects used in condition 'A* et each stimalus
duration and for each of the three stiznlus intensities. The mean
results were plotted as a logerithmic function of stimulus duration and
the values are shown in figure 6. It car; be seen from this figure that
with stimulus mtensities of 70 ard 90 db. there. is a Iinear increase
in ITS with the logarithm of the stimulus duration. It cah also be
seen that the 70 and 90 db. lines lie approximately pariall_el to each
other. With a stimlus duration of 110 db., there is still a linear
relationship between TIS and the logarithm of the stimulus duration.
However, the 110 db. 1ins-divides itself into two parts. With short ‘
stimilus durations it parallels the 70 and 90 db. lines, but as the stim- |
ulus dwration is increased there is a change in the slope of the line |
so that it no longer remains parallel to the 70 and 90 db. lines. In
figure 6 this transition occurs at a stimnlus duration of approximately
1# minutes.

The lines shown in figure 6 were drawn merely by inspection of the
data presented. To test whether these lines were essentially 'correct
the equations of the lines of best fit were calculated using the method
of least squares (see Yule and Kendall, 1950, pages 342) at the 70,

90 and 110 db. stimulus intensities. For the 110 db, line it was
necessary to sub-divide the data into two sections becsuse of the 6ha'nge
in the s'l.bpe of this line at approﬁmately 1% minutes. For comparison
purposes the slopes and intercepts of the lines shown in figure 6 were
calculated by direct measurement. The results of these calculations are
summsrized in table 1 (see page 70). It can b6 seen from this table
that there is close agreement between the theoretical ialues for the
slope and intercept of the lines and the practical valugs obtalned by
inspecting the data and drawlng in the lines accordingly. The th,eoretical‘ '
values given in table 1 alsc confirm the parallelism between the 70,

90 and the early part of the 110 db. lines. The table reveals that there
are only differences of 0.006, 0.014 and 0.009 between the slopes of the.
lines which theoretically best fit this data. The table also confirms
the change in the slope of the 110 db. line. Theoretically a slope of



| Iable 1.

X Stimulus duration in logarithmic units a, = Theoretical slope of line of best fit A, = 8lope of line shown in figure S

1 1
Y = Temporary Threshold Shift in dbe. &, = Theoretical intercept of line of best fit &, = Intercept of line shown in figure 5
Stimulus Intensity Smof X SmofY Smof XX  Sumof X* 8, a 8 &

70 db. 737 96.67 6005.86 44075 0.173 -2.202 0.192 -2.8

90 db, 737 115,33  7018.71 44075 - 0.179 -1.211 0.1903 -1.6
110 ab. (First Part) | 64 16.8 431.80 1529 0.187 2,262 . 0.198 . 2.6
110 db. (Second Pert) 673 201.7 12832.3 42545 0.35  -3.627 0.367 -4.1

Sumarizes the -calculations of lines of best fit for the mean data shown in figure 6.

04
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0.187 best f£its the first three points on this line and a slope of
0.359 best fits the reémainder of the points on this lims.

There was a cloge agreement between the individual and the
mean results. The individual results are presented in figures 7a to
7f. Allowing for the .grea:her variation of individual results, it can
be seen from these figures that for five of the subjects the results
are essentially the same as those obtained when mean values were taken.
However, with individual subjects there is some variation in the
stimmlus dwration at which the slope of 110 db. line changes. Figures
7a to 7 indicate that it occured for different subjects at stimmlus
durations ranging from apmroximately 1% o 4 minutes. For cne of the
subjects (viz. 'C') the results are different from those obtained with
the other five subjects. In-the case of this subject the slope of the
110 db. line remained consistent and the 70, 90 and 110 db; lines would
eppear to remain pa:rallel' over the whole range of stimulus duratioms
used in the experiment. These obsarvations and the agreement between
the theoretical lines of best f£it and the lines drawn by inspection
were checked, as for the mean values, by calculating the lines of
best f£it by the method of least squares. The results are sumnarized
in tableli. Inspection of this table indicates that allowing for
chance variation, there is a close agreement between the theoretical
lines of best £it and the lines drawn by inspection. Similarly,
ingpection of the table justii_‘iés the above observations made concerning
the individual results. |

Condition 'B' A4s in condition 'A' mean results for TES were
calculated. The mean TIS's for the six subjects used in Condition 'B°
at each of the stimulus intensities and for each of the three stimulus
durations were caleulated. Mean TTS at each stimulus duration was
plotted as a functign of stimunlus intensity and the results are shown
in figure 8. It can be seen from this figure that with stimnlus durations
of 1, 2 and 3 minutes,there is little increase in TTS as the stimulus
intensity is raised from 70 to 95 db. A4bove 95 db. there 1s for all thres
stimulus durations,an increase in.TTS as the stimulus intensity is further

increased.
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Surmarizes the calculations of the'line“g.of best £it for the individuall :

results shown in figure 7a to 7f.

s, = Slope of thecretical line of best fit.

%
4
%

Stimulus Intenslty Variable

70
70
70
70

90
90
90
90

110 (first part)’
1mwo( om0
0 ( * )
1m0 ( = )

110 (second p;rt)
o ( " o )
o ( ")
120 ( *® ")

A

0.090
0.539
0.083
0.750

0.091
1.486
0.083
1.500

0.115
4.302
0.105
6.0C0

0.443
-15.346
0.583
=15.000

Slope of line shown in figure 7.
Intercept of line shown in figure J.

Intercept of theoretiecal line of best f£it. -

Subject
B c

1 0.156 -0,239
-1.203 -3.921
0.162 0.214
<1,250 -6.321
0.165 0.236
0.957 =2.647
0.158 0.225
1.500 -3.85
0.167 0.305
4,062 1.429
0.166 0.218
4.25  3.75
0.289  0.305
0.373 1.429
0.311 0.218
0,500  3.75

0.198
-2.892
0.215
-4.875

0.207
-4,326
0.215
-6.725

0.269

-3 0129 .

0.256
0,500

0.600
-16.413
0.750
-15.125

0.116
-2.892
0.150

-4.250

0.163
-2.456
0.163
-2.725

0.171

24635 -

0.189
3.738

0.241
4.012
0.250

4,000

F N
0.27¢
«3.833¢
0.28:

-&,35(

0.27"
270"

0.28:
-3.12!
0.26¢
0.77"
0.29¢
0.25

0.28]
=360
0.39

-3, 98



Zable 111
Summarizes the analysis of variance used to test the significance of the stimulus intensity and stimulus duration

differences in TTS shown in figure 8.

(a) Intensities less than 95 db.

Source of Variance Sum of Squares
Stimulus Intensity 6.62
Stimulus Duration ' 94,45
Residual . 3.55

Total 105.62
(b) Intensities greater than 95 db. =

.So'i:n'cé of Vg:i_ance  Sum of Squares
* stimulus Intensity : 239.16

Stimulus duration 374.33

Residual ’ 41.02

Total , - 654,51

Degrees of freedom
5
2
10
17

Degrees of freedom
2
10
17

a Probability less than 0.0l

Variance Estimate
1l.32
47,23

0.35

Variance Estimate
47,83
187.16
4,10

F ratio
.3.77

134,90 a

-,

F ratio -
11.66 a.
45.64 a

‘¥b
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Jable 1V

Increase in Temporary Threshold Shift in db. at the given stimulus
intensities and durationssbove the Temporary Threshold Shift at a
stimulus intensity of 95 db. For calculation of significance see tedt

and table V
Stimulus Intensity Duration.
~ in db.

1l min. 2 mins. : 3mins.
100 0.2 -0.2 3.6
205 1.2 3.6 7.1 a
110 3.2 3.8 b 5.7 a
115 4.0 b 6.8 a 14.2 =
120 6.6 a 9.6 a 15.8 a

Hean 3.04 : 4.72 9.28

a Probability less than 0.0l
b Probability less than 0.05
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It was decided to stjaﬁsticauy test the validity of the
sbove statements by sub:l,eféﬁd.ng the data to an analysis of variance.
The selection of this method was made after a consideration of the
population from which the sample was dresm, the manner in which the
semple scores were o_btained and the level of measurement employed.
The population from wﬁich the scores were obtained was considered
to have a.normal distribution of TIS. Glorig, Swmerfield and Ward
(1958) have shown with a sample of 99 normal hsaring subjects that
the disﬁribution 'of TTS is normal. The sample scores used in this
experiment were draun from "a population of normal hearing -subjects
(see 4ppendix 1V) and we can assume that their distribution of TTS

-would be similar to that of the population from which they were
dravn. A1l écores withip any given experimental condition were
independent. Finally the scale of messurement used was an interval
scale, since it has an arbitary zero of zero TIS. The above
statements show that the data fulfills all the pre-requisits which
allow a simple analysis of variance technique to be utilized (see
Lindgunist, 1953, pages 51 ﬁo 52).

| Since it was postulated that intensity di.fferer;ces at stimulus
intensities less than 95 db. were not significant and differences
at stimulus intensities greater than 95 db. were significant, it
was necessary to sub-divide the data on'this baéis. Hence, the
analysis was applied seperately to stimulus intensities less than
and including 95 db. and stimulus intensities greater than and
including 95 db. Two tables were drawn up with the six stimnlus
intensities shown as columns and the three stimulus durations shown
as rows. These were the tables analysed. The results of the enalysis
ere sumarized in table 111, It can be seen from tho table that
intensity differences below 95 db. are not significant and intensity
differencés above 95 db. are significant.

A further analysis of the data was carried out by calculating
the differences l.ae'twe,enfT‘S__at 95 db. and TTS at higher intensities,

These results are sumarized in table 1V. The differences of 0.2
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Table ¥

Surmary of t - test applied to data of table IV using
: the data calculated in table III :

Frdm teble IiT, residual degrees of.freedom =10

QFrom table III; residual variance estimate-@f%}ﬂ=,h.10.
t for 10 deg;rees of freedom = 2.23 and 3.17 .

R RN et

at 5% ard 1% level respectively.

Standerd deviation = 402 = 2,03 .

2,03

: Sﬁéﬁd&ﬁ@leﬁ?or:ofﬂmean (ez)

1.65

- o1

(see Garrett, 1955, ps223).

e oI} =L = 2.23 x 1.65 o
o = §.62 for signiflcance at O. 05 level

Cland I, =L, = 3.17 x 1465
- 5.23 for signlficance at 0.01 level. -
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and -0.2 db. at a stimulus intensity of 110 db. and at stimnlus
durations of 1 and 2 minutes respectively, and the difference of 1.2
db. at a stimulus intensity of 105 db. and at a stimulus duration of
1 minute are probably not significant. If this is the case then the
table indicates that s the stimilus duration is increased there is
an increaseé in the stimilus intensity at which increases in TIS
occur. To test this suggestion the data calculated in the analysis
of variance sumarized in table 111 was used. Using F =t the
differences shown in table 1V were tested for significance,using the
technique outlined by Garrett (1955, page 280). The calculations
are sumarized in table V. It can be seen from table V that the
following dii‘fere_nces are not significant:

(1) Those of 0.2, 1.2 and 3.2 db. at a stimulus duration

of 1 minute.

(i1) These of 0.2 and 3.6 db. at a stimlus duration of

2 minut’es..r

(411) That of 3.6 db. at a stimulus duration of 3

minutes.
Hence the ob‘se,i!va.'tion is confirmed.

Inspection of figure B indicates that there is divergence of
the 1, 2 and-3 ninute lines as the stimulus intensity is increased.
Tlﬁe divergeﬁce is to some extent masked by the drop in TTS at 110 .
db. with a stimulus duration of 3 minutes. However , inspection of
table 1V 1n&icates that at 110 db., the increase in TTS above the
95 db. level ifs larger at 3 minutes (5.7 db,) than at either 1 or 2
minutes (3.2 and 3.8 db. respectively). Thus the table indicates
that as the stimulus intensity is increased above 95.db. the increases
in TTS are greater at 3 minutes than at 2 minntes and at 2 minutes
than at 1 minute and that as the stimulus intensity is increased, these
differences also increase in magnitude. |

The agreement between the individual and the mean results are
indicated by figures 8 a to 8 f which present the data for individual
subjects. As in Condition 'A' allowing for the greater variation of



Zable W1

Summarizes the analysis of variance used to test the significance of the stimulus frequency 'differences shown in figures

9, 10 and 11. The ten stimulus frequencies were plotted as rows and the nine stimulus duration - stimulus intensity conditions

were plotted as rows.
Source of Variance

Stimulus frequency
Conditions
Residual
Total

Sums of Squares

388.12
274.47
80.19

742.78

Significant at 0.01 level,

Degrees of fresdom
9
8

72
89

Variance - F ratio.
Estimate
831z 38,88 a
34.43 31.02 a
1.11 -

*64
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ipdividual results there is close agl'éement between the individual
end the mean results except in the case of subject 'C'. In the
case of the latter, the 1, 2 and 3 mui;,e'une's tend to remain very
close together and there are only slight increases in TTS as the
stimnlus intensity is raised above 9‘ db. There is some individual
variation in the stimulus intensity at which increases in TITS begin
to occur. For the individual subjects this oceured over the range
85-100 db. _

(c) Copdition 'G'; A4s in Génditions 'A' and 'B' mean results
vere calculated for the group of six subjects used in this condition.
The mean results are illustrated in figures 9, 10 and 1l. The sub~
division of the results into three figures is merely for clarity of
presentation, The figures indicate that with stimulus durations
of 1, 2 and 3 minutes at stimulus intensities of 70 db. and 90 db.,
IS is maximal at stimulus frequencies of 1000, 2000 and 3000 cps.
Similarly, with a stimlus duration of 1 minute at a stimulus |
intensity of 110 db., TTS is maximal at 1000, 2000 and 3000 cps.
However, with stimulus duratiems of 2 and 3 mimmtes at a stimnlus
intensity of 110 db., TIS appears to be maximal at 1000, 2000 and
4000 cps. In the latter case it is also possible that a further
maximum might have occured at 3000 cps; but there are ingufficient
data to determine whether this is so.

To determine whether the frequency differences were significant
the data was analysed using analysis of variance. The justification
for using this techniqus has already been presented (ses page 76 ).
iq the analysls, stimulus conditions were plotted as the rows and
' stimulus frequencies were plotted as the colums. The results of
the analysis are simmarized in table V1. It can be seen from this
teble that the frequency differences in ITS are significant at the
0.01 level. Hence the above observations are justified.

The results for all of the individual subjects are not shown.
However, figure 12 chous the results for subject 'H'. This subject
wvas the most typical of the subjects. The individual results eonfirm_e&"""

the zbove statements except for fouwr exceptions. Two of the subjects,
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with stimulus intensities of 110 db. and with stimulus durations of
three miﬁutes, gave maximal TTS at 1000, 2000 and 6000 cps and not at
1000, 2000 and 4000 cps. This tends in figures 9 and 10 to elevate
the 6000 cps point and lower the 4000 eps point on the lines with these
parameters. Another two of the subjects, with stimulus intensities
of 110 db. and a stimulus duration of two minutes, gave results which
were qualitatively similar to the line shown in figure 9 with a stimulus
duration of three minutes at a stimulus intensity of 110 db.

(d) Test Tone Varisbles : Pre-stimulus and post-stimulus tone
thresholds were calculated, as in the previous experiments, by taking
the mean of the transition points in the pre-exposure and post-exposure
periods. The mean TTS for the six subjects in each of the five
stimnlus conditions and at each test frequency were calculated.

The results are summarized in figures 13a to 1l3e. It can be
seen from these figures that for all but two stimulus conditions,
maxinal TTS occurs at a test frequency half an octave above the stimulus
tone. One exception is a stimulus tone of 2000 cps at a stimulus
intensity of 70 db. and a stimulus duration of 3 minutes. The other
exception is a stimulus tone of 6000 cps at a stimulus intensity of
70 db. and at a stimulus duration of 3 minutes. With the former
condition, TTS is maximal at 4000 cps and with the latter condition, TTS
is maximal at 6000 cps. The figures also reveal that the effect of incr-
easing the severity of the stimulus conditions produces its greatest
effect at the test frequency at which maximal TTS occurs. Increased sev-
erity of the stimulus conditions seems to affect the amount of TTS in
proportion to the amount by which the test tone frequency deviates from
the test frequency at vwhich maximal TTS occurs; hence the "bowing"
of the cwrves. The distribution of TTS over the various test tone
conditions is positively skewed, except with a 1000 cps stimulus. The
frequencies below the test tone frequency at which maximal TTS occwurs
are much less affected than those above this frequency. The results
obtained confirm that with high stimulus intensities and fairly long
stimulus durations, there is a pradportionally larger increase in TTS.

4 stimulus duration of 3 minutes at a stimulus intensity of 110 db.
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Zable Vil

Summary of the analysis of varlance to test the significance of

differences in TTS with the test tone frequency and with the 4 stimulus

conditions. Data used is presented in figure 13.

Stimulus Tone
in cps.

1000

2000

3000

4000

6000

Source of Variance Sum of Degrees Variance F
Squares of estimate Ratio
Preedam
Test tones 180.26 4 45.06 3.56 b
Stimulus Conditions  38.69 3 12.90  1.02
Residual 151.74 . 12 12.64 -
Total 370.69 19 - -

Test tones 100,51 4 25.13 11.85 a
Stimulus Conditions 154.89 3 51.63 24.35 a
Residual 25.39 12 2.12 -
Toteal 279.79 19 - -

Test tones 180.81 4 45.20 6.80 a
Stimulus Conditions  86.80 3 28.93  4.35 b
Residual 79.75 12 6.65 -
Total  356.36 19 - -

Tost tones 130.07 4 32.52 5.15 b
Stimulus Condltions 393.31 3 131.10 20.78 a
 .Residual 75.67 12 © 6.31 -
Total 599.05 19 - -
Test tones 2.53 hi 2.53 1§74
Stimulus_éonditions 28.27 3 9.42 6.50
Residual 4.36 3 1.45 -
Total 35.16 7 - -

a Probability less than 0.01
b Probability less than 0.05




‘Shows in the body of the table the range (in octaves) of test frequencies affected by the indicated stimulus tones and ab
the indicated stimulus intensities and duraticms.

Stimulus
Duration in minutes
1

3
1
3

~ Stimulus Frequency
Stimulus 1000 2000 3000
Intensity in db.,

70 1 1% 1
70 13 13 1%
110 1 % bt 3

110 2 2 2

4000

1%
1%

6000

o o e wd-

*¥8



85.

affects all test frequencies much more than any of ths other
conditioné.‘ Suprisingly, at a stimulus frequeney of 4000 cps, T2S 1s
greater with a stimulus intensity of 70 db. and a stimulus duration of
3 minutes than with a stimulus intensity of 110 db. and a stimulus duration
of 1 minute. At all other stimulus frequencies the reverse is found. :

To test the significance of the test-tone frequency differences
and stimulus condition differences, the data was subjected: to an anélys:ls
of varisnce (see McWemar, 1962, pages 290 to 296). The justifieation
for using this technique has been outlined on page 76. Bach stimulus
frequency was treated separateiy and the results are summarized in
table V11. It can be seen from this table that only at a stimnlus frequenc;
of 6000 cps are the differences in TTS with test fréquency not '
significant. The table also reveals that only at 1000 and 6000 cps are
the differences between the stimulus conditio:;s. not significant. These
non-significant differences are ptrobabl_y due to the fact that differences
in TTS are relatively very small between the different conditions.
Since seven out of ten of the differences are significant,\ it would
appear that the general conclusions rea.cl;ed above are correct. Hovever,
it may be tﬁat these conclusions do not hold for stimnlus frequencies
of 1000 and 6000 cps.

Fm't;her information was obtained from figure 13 by considering
the range of test frequencies affected at each stimulus frequency and
under each of the stimulus conditions. These ranges are sumiarized in
table V11l. It can be seen from the table that there is an increase
in the range of octaves affected as the severity of the stimulus
exposure is increased. It cen also be seen that there is a decreé.se in
the range of octaves affected as the stimulus frequency is raised from
3000 to 6000 cps. However, the range is relatively constant with
stimulus frequencies of less than 3000 cps.

The individual results were again very similar to the mean results.
4Alloving for chanee variations, five out of the six subjects consistently
showed maximal TTS at a test fregueney a half an octave above the

stimnlus frequency. The sixzth subject (see figure 14) chowed a tendency
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Figure 14: Results for subject *0' showing TTS as a function
of test tone frequency., Parameters are stimulus duration and
intensity.
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- CHARIER IX
RECOVERY, FROM TS,

Two exﬁeriments were carried out on recovery from TTS (see
pages 57bto ‘.';»9). These were : _

(1) 4n experiment studying the time teken for the threshold

to recover to normaiity (latent time).

(1i) A study of the material collected during the

- experiments on the stimulus-and test tone variables.
The results obtained are given below. |
{a) Recovery Tipe

The mean latent time for recovery was calculated for the four
subjects used in the experiment at each sﬁimulug frequency and
intensity. The stimulus duration was one minute throughout the course
of the experiments. The results are illustrated in figure 15. In
this figure the stimulus intemsity is plotted in terms of db. re
0.0002 dynes per cm2 rather then in terms of db. re the subjects
threshold. This equates the physical intensities for the different
subjects. Since individual thresholds vary, the points shown on the
abscissa in figure is cover a small range of intensities. For a
stimulus / test frequency of 1000 cps the range was 4 db., for 2000
cps the range was 2 db., for 4000 cps the range was 7 db. and for
8000 cps the range was 3 db. However, since there is no overlap in
the ranges covered, the only effect this would have on the results is
to widen the individual differences. It would not affect the shape
of the grephs or the generai conclusions that‘ can be drawn from the
results since for ggch gubject successive intensity differences are
always 10 db. '

Inspection of figure 15 gives rise to the following
observations :

(1) &t 1000 and 2000 cps there is a gradual increase in mean

latent tines as the stimilus intensity is-increased from

20 db. to approximately 60 db. From approximately 60 to

80 db. the meen latent times decrease and above 80 db.



time in seconds

Lotent

20

16

12

- -l -
—~— -~
Means for oll subjects : e ~
O e e —”
— -
1000 cps. ~7 7
— "= 2000 cps ”~ .
------ 4000 c.ps //’ i
= = — = 8000cps X
///
,’
/
/ e
/. /. '\.\

- S,
e \'\.—.—.—.
i

A
o »

\

1 1 1 1 1 1 L L 1. |
0 20 30 40 50 60 70 80 90 100
Stimulus intensity ‘in db,
Figure 15: Graph of latent time as & function of stimulus intensity. Parameter is stimulus/test
frequency. Mean results for four subjects. '
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Frequency in cps

1000
2000
4000
8000

Variance
Estimate

1.328
4,274
94.128

51.952

Intensity

Degreeé of
Freedom

7

7
8
4

_ Jeble X
Analyels of Variance of intensity and replication relationships in recovery from TTS. Data from 4 subjects.

F.
Ratio

27.669 a
57,756 a
200.518 a
125.185 a

Replications
Variance Degrees of
Egtimate  Freedom

0.185 2
0.055 2
0,620 2
0.640 2

a Probability less than 0.0l

F
Ratio

3.854
0.743
1.914
1.542

&

Error
Variance Degrees of
Estimate Freedqm
0.048 14
0.074 14
0.324 lé
0.415 -8

°68
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there appear to be slight increases in the mean

latent td.ﬁ:és.

(1i) At 4000 and 8000 cps, there is a gradual

negatively accelerating increase in latent

time as the stimulus intens:j.t_y is increa.agd.

(141) The latent time is maximal at 4000 or

8000 cps and is minimal at 1000 cps.

The significance of thqsé observations was tested statistically
by means of analysis of Variance and a 't' - test. To do this
the oﬂginal mea.sureme:?ts used in celculating the results for the
individual subjects were utilized. The apalysis follows that described
by Lindquist (1953, pages 190-202) for "The Special Case of Simple
Replications.” Mean latent times for the four subjects were
calculated for the. first, second and third replications at each
intensity. A table was drawn up plotting intengsities as columns
and replications as rows. Mean latent timss were inserted into the
body of the table and the table subjected to analysls of variance.
The advantage of this method of analysis is t.ﬁat it renoves group
differences 'from the error variance. Hence only interaction
effects remain im the latter (see Lindquist, op cit.,page 201). The
justification for using the technique is that the replications; and
the treatments were randomized, the cells in the analysis edch
contained the seme number of cases and replication differences were
reduced beca.use of the previous training. This fulfills the main
criteria governing the use of this type of analysis (see Lindquist,
op cit., page 199 to 200).

The pfoéédtire was repeated at each stimnlus/test frequency.
The results of the analysis are summarized in table 1X. It can be
seen from the table that at each of the four frequencies used in the
experiment, t.hé mean latent time varies significently with stimulus
intensity at the 0.0l level of confidence. The table also indicates
that the differences in latent time for the different replications
are not significant. Sines the subjects were given considerable
practice prior to the experiment, this is to be expected.




Zable X

Results of t-test to determine number of differences significant in figure 15. (See Garrett, 1958, page 2681).
Data used is presented in table 1X. '

Frequency Differgnce required Difference required Number of possible Nﬁmber of Number of differ- Number of
in ops for significanée at for significence Differences differences ences significant differences
0.05 levsl of o at 0.01 level of . : significant at 0.0l level not significant
confidence B confidence ' at 0,05 level
1000 | 0.383 0.588 28 6 17 5
2000 04475 04661 | 28 3 23 2
4000 0.980 1.356 36 1l 32 3
8000 0.385 0.569 10 0 10 0
©
s



Zable X1
Rosults of t-test to determine which of the differences (shown in body of table) between guccegsive stimulus intensities are
significant. The differences are measured in db. and‘the significance figures are given in table X.

Frequency ‘ Difference betwsen:
in cps. . '
20-30 db 30-40 db 40-50 db 50-60 db 60=70 db 70-80 @b 80-90 db 90-100 db
1000 0.90 a «0.67 a 0.60 a -0.17 -0.83 a =0,07 0.50 a -
2000 1018 a 0048 b 1016 a 1.37 a -1000 a -1.18 a 0000 -
4000 1.87 a 4,16 a 1.3 b " 4.19 a 1l.46 a 0.47 0.29 1.40 a
8000 - - - 1.78 a 2.45 a 3.39 a 2.37 a -

a Significant at 17 level of confidence
b Significant at 57 level of confidence

*26
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Pioure 163 Results for subject 'D1' showing latent time as a function of stimulus intensity.

Parameter is stimulus/test frequency.
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Additional ‘eyidénce for the relationships revealed in figure
15 was obtained by applying a ;tf - test to the data used in the
analjsis of varianes. The same méthod was used as was used to treat
the data on the relationship between stimulus intensity and ITS
(see page 78 and Garrett, 1958, page 281). The results of this
test are summarized in table X. Inspection of the table reveals
that at 1000 cps, only 5 out of 28 possible differences in latent
time were not significent; at 2000 cps, enly 2 out of 28 possible
differences in latent time were not significent; at 40C0 cps,
only 3 out of 32 possible differences in latent time were not
significant, and at 8000 cps all of the differences were significant.
Hence we can conelude that the intensity differences revealed in
figure 15 are significant.

Hm;rever, there are 5 non-gignificent differences at 1000 cps and
3 at 2000 cps. It is important with refersnee to the peagks in the
figure with these frequencies, to consider where these non-significant
differences occur. Hence in table X1 is presented the differences
between successive means, that is between stimulus intensities of 20
and 30 db., 30 and 40 db. and so on. It can be seen from the table
that the reduction in latent time between 60 and 70 db. at both 1000
and 2000 cps is significant at the 1¥ level, the redﬁction between 70
and 80 db. at 2000 cps is significant at the 1% level and the difference |
between 80 and 90 db. at 1000 cps is significant at the 1F level. 4t
4000 cps, all the differences except 2 are significant afid:at 8000 cps
all the differences are significant. Hence, observations (i) and ‘(ii)
made sbove after inspecticn of figure 15 (see page 16) seem to be -
reascnably justified. The third observation must remain subjective.
The 4 stimulus/test frequencies used in the experiment ere insufficient
to apply statistifel tests because of the way in vhich the data was
collected.

In figare 15 there does ssem to be some confusion of the results
since the 4000 and 8000 cps lines cross each other. However, this
confusion was thought to arise firom the resﬁlts of one subject, subject

'D1'. The individual results for this subject are presented in figure 16.
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Figuré 17: Mean results for subjects 'Al’, 'B1' and °'Cl' showing latent timp as a mncﬂ}i,on
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of stimulus intensity. Perameter is stimulus/test frequency.
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Inspection of the figure reveale that. the snbjeet showed only emall

1ncrea.ses 1n la.tent. time ‘as the stimulus intensﬂ.ty was increased at
4000 eps, bnt very large inereases at 8000 cps. _ Hhen the mean results
for. the other tihree subjects are considered it ean be ssen in figure h “
' 17 that there 15 no crosaing of the . 4 .and 8000 eps lines. Instead - ..
“they tend to- remain parallel to each other. The divergent results- for
- ‘this subject might be associated with the fact that for this subject -
: hearing abo_ve 12009__;@5 was virtuall_y nox!_t-‘_ej;l*‘efbent-. . ihe .subj_ect
L | conplained of #innitus vhen stimmlated at 8000"¢pe and this may have
f - been the ‘cause of his abnormal behaviour at this ﬁ'equeney. |
S | To summarize. the results, we can say tha‘b :
(1) Letent time exhibits a “bounce” phenomenon at 1000
L andzooecps,butnotatwmandBQOOcps. .
(11) Latent £1ms 1s maxinel at 4000 cps and is minimal
st 1000 ops.
(111) The increases in latent time with intensity at
4000 and 8000 cps tend to p&al]_.el eeehother. C - .
(iv) Judging from the results of subjeet ‘L', there
mey be: largeincreaées 'in latent time .aé""fthe ‘gtimlus
intensity 15 inerea‘?sséa at stimulus frequenciés just - ".5'.;?:

“below the,-_su'bj-ec;ﬁe' upper limit of beering.

Bach of the 1950 individual results obtalned on the studies of the.
stimilus and test tone varisbles were inspseted and anslysed to stu.dythe
recovery-froﬁi T2Ss The three minute recovery per:lod on ea.ch record was L

< - examined and & sub;}eetd.ve jndgement made as. to whether or not recevery .
SECIE ‘was diphasic, as’ to. whether or not sensitiza.tion oecured and as to whetheu:

. o poty if bounce occured it. was higher. than the inttisl T7S. . The meay
. of the first two _h?ansition:p_ein‘l;s in the post exposure period was”
caleuiated' andthie wastakena.smeasureofinitiﬂ TTS (see points 4. - o
 end B on figures 18a to 18c). If bowee oocursd, the mean of the thred |
tranait:lon pointa at-ithe initial return to threshold value (seo points

a, b and ¢ on: figm-es 18 a o 18 ¢) and the mean of the thres transmm '
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Exposure thod:
9-1I-60
Subject 'E '

Stinulus Tone Exp.
(Condifion A) |

Stimulus: ooooc?s 90 db.
Test: 1500¢ b ..
Durdation le rmru Firush.

Post- Exposure
Period
c

Start

Exposure Period

|
7:11s 60 ;
SubJecf F’
Period Yy
éfmwlus TG;G Exp- e Finish |
' .nl ]
Stimulus : l00cps, nodb. |
Test 1500 cps ! i
Durafion: 40 min. | Incre
| J
I I |
| | infensty
c | | Decreasing
Start l |
| |
Pre-Exposure :

Period

Exposure ! Poef- Ex
Period | Period
| Subject ‘B’

Stimulus Tone Exp.
I (Conditon’'B’)

|
|
|
| |
: | Stimolus IOOOQT ,lo00db
n.
' |

Test: 1500 cps
l Duration 2:0m;

Figure 18: Typical tracings illustrating recovery frem TTS (see
table X11, page 98). Time reads from left to right (1" to 1.5

mins). Intensity reads from top to bottom (1" to 8.89 db.)




Figure

18a
18b
18c

Zable X11,

Swumarizes the analysis of the three recovery curves shown in figure 18 (page 97).

Diphasic Recovery

Yeos
Yes

No.

Sensitization

Yos
No

No.

Initial TTS.

3.72
15.55
12.22

Bounce higher than Amount of

initial TTS. bounce.
No. 3.52
Yes 11.11

‘86



' Stmmarizas the chi-squa.red analyeis of the “total frequency of :]udgementa of the, presence of diphaa:lc

recovery, senaitizat:lon and bounce higher than initial TTS in order to ses if this differs signiﬁcantly from-

chance._
_ Chi - Square Degrees of freedom Probability
Diphasic Recovery | - 776428 2 * Less than 0.0l
Sensifb:l.;z;atiqn - . 935.44 | 2 - . Less thén 0.01 |
' Bounce higher than initial TTS 139,00 - 2 © Less than 0,01

00T
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N _Xable XV
\, - o
- Shows in the body of the table the number of results classified as being diphasie, as N
" showing sensitization and in vhich bounce was higher than the initial TTS.
Part 1. A 1Y part 2. Part 3. ” ’ T T Part 4 - -
T ' ' * F -
[ @ . . . LoovLT P
Experiment. Stimulus tone Variables (Condition 'A') i fi ‘Experiment. Stimulus tone variables (Condition 'B') Experiment , o Stimulus tone (Condition 'C* Experiment v Test tone
S N A . oo .
A . . ) o S G
Mein Variable. Stimulus Intensity - [ Main Verdable. . Stimulus Duration. Main Veriable co Stimulus Frequency (in cps.) Main Variable. D Test tone Frequency (in cps.)
70 db. 90 db. 110 db. ‘ . 1.0 min. 2.0 min. 3.0 min. 0 500 750 1000 1500 2000 2500 3000 3D 4000 6000 B R 500 1000 1500 2000 3000 4000 6000 &
S S ‘ L NP . i
Diphasic Recovery. S L Diphasic Recovery - Diphasic Recovery . . '- . Diphasic Recovery ki
Subjects S48t subjects Subjects AL ] o
J | | 3 J . | ? }jé’i‘»‘; | Subjects - [ o
A 8 11 7 A 11 5 2 -G 5 a6 3 6 3 9 2 0 N | 1 R 1 5 3 6 8 2 5
| W S Sy
B 7 10 3 Poohas B 6 11 3 H i 5 2 6 0 8 1 4 0 3 o
c 9 13 12 ¢ H 3 | 9 J o0 Tl 7 e 9 ¢ ¢ P v 3 3 1 4 5 1 3
D |- D 8 11 4 K b .
9 5 2 - = o 0 9 8 9 6 9 4 5 Q ke 7 4 4 3 6 2 1
E 1 3 0 | E 11 9 6 L i 0 2 1 1 o o0 1 1 4 R S s 2 3 6 5 0 &
F 3 10 5 K F 10 2 0 M ,' o o0 0 2 4 0 1 0 1 s | ‘
i 2 3 1 4 2 1 2
P i o
1; . N A .
Sensitization % Sensitization , Sensitization R Sensitization
Subjects Subjects Subjects £ S . ) Subjects o
by | G . R
A 14 14 3 A 11 9 2 G j o 3 2 i1 o 1 1 0 0 N I B 2 5 4 4 6 3
B 12 14 12 : B 6 6 4 H ‘.0 0 1 0o o 1 2 1 0 0 sl s 2 3 5 3 2 0
c 10 11 0 - c 4 7 4 J 2 0 3 4 2 6 0 o 0 2
NS b P s s 3.0 12 6
D 12 14 3 1Y D 10 10 4 K >0 1 2z o & 2 4 2 1 Q . 5 & 5 8 4 T 3
E 6 1 2 A E 5 3 1 L 4 0 4 1 2 4 5 1 5 0 R e 4 5 6 7 9 o 5
o F 7 5 M .
F 10 9 1 L 10 | i 2 9 2 2 4 3 3 3 4 S | 2 9 1 7 8 6 2
. Bounce higher than b “ Bounce higher than | ' Bounce higher than - B X
initial TTS. 5 initial TTS. initial TTS. . .- ouzggtgiﬁh%s?hm
Subjects ‘ Subjects Subjects ;_-ff :_ ' » Subjects O
A 0 8 7 A 6 | 5 0 G ‘ % o o 1 1 6 2 & ' 2 o0 N o 1 3 2 ¢ 5 2 2
o
B 1 6 3 B 1 6 3 H : N 0o 0 1 0 4 1 4 0 2 0 1 5 5 4 5 3 0
c 0 1 3 Lo c 9 3 2 J e 1 0 1 3 e s 2 P e o 1 2 o 1 o
D 2 0 2 B D 1 3 2 K Sy : o o0 1 5 0 1 1 2 0 Q * 5 0 1 5 2 1 o
E 1 3 0 S B 1 4 2 L 0o 2 0 1 0 0 0 Co1 0
L E i R , 1 o o o 1 o 4
F 1 1 0 F 4 10 1 M / o o o 2 3 0 1 ¢t 0 1 s . 01 1 a4 2 1 2
o *’h ‘ f - ;
S e : i : ‘:
N ‘C\\\ 1 L R
( \ o '/ ’ v i
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ks ;ét Table X111 ‘f
et ’ ‘
- - C Summarizes the result of the analysis of the 1950 individuel results for diphasic :
— S S — : - e ‘ -
—_— : ~ S recovery,-sensitization, bounce higher-then-initial TTS,-initial TTS and emount of bounce.»i%;g - - e
Experiment Test Frequency Stimulus Frequency Stimulus Duration‘%* ' %‘ . Stimulus Intensity Number showing Number showing Mean initial Number showing bounce Mean amowunt of Total number of individual
in cps. in cps. in mins. e in db. diphasic recovery sensitization TTS in db. higher than initial TTS. bounce in db. results (from 24 subjects).
[ : . ’
Pert 1. =‘.M P Yes No Doubtful - Yes No Doubtfu} Yes No Doubtful.
Tl |
Stimulus tone Lo ,
S 41 34 64 17 3 8.65
Yariables ) 1500 1000 0.5-7.0 ﬂ %i - 70 1o 09 : t 5 33 3 3.83 84
Condition & LR -
! 90 53 19 12 63 19 2 14.83
" 1500 1000 " 0.5-7.0 A : 19 23 11 11.51 84
: {
. o 110 8 53 3 21 62 1 21.25 '
" 1500 1000 0.5-7.0 = 2 : 15 12 1 5.36 84
Part 2.
Stimulus tone ' Lo ' :
- ey 70- 4 7 3 10.86 4
\(rar::.ables ) 15C0 1000 1.0 v i 120 7 > 14 6 1 18 24 5 7.68 66
Condition B N '
Lot 70-120 49 8 9 : 42 9 15 13.37
" 1500 1000 2.0 0L BRSO 26 13 10 12.59 66
, i 70-120 22 43 1 , 20 27 19 25.18 R
" 1500 1000 3.0 el v 10 9 3 15.35 66
Part 3. Lo
’ ';
Stimulus tone o 70,90 & 110 10 35 9 8 42 4 1.16
varla'plt?s 750 500 1.0,2.0 & 3.0 ) 0 7 3 0.86 54
(Condition ©) L 170,90 & 110 o 20 16 13 38 3 4.69
" ] Do 170,90 & 110 20 14 11 14 43 1 12.38
15G0 1000 1.0,2.0 & 3.0 o | , _ 3 19 7 6457 : 54
" e ' 70,90 & 110 15 28 11 . 18 2¢ 12 4.83
2000 1500 1.0,2.0 & 3.0 s ; , 10 4 1 2,89 54
: 70,90 & 110 3¢ 13 7 14 38 2 9.23 :
" 2500 2000 1.0,2.0 & 3.0 ? 16 16 2 8.17 54
S 70,90 & 110 19 25 10 17 33 4 7.96
" 3000 2500 1.0,2.0 & 3.0  ©§ ! 8 T 4 6.72 54
g 70,90 & 110 33 18 3 15 35 4 16.57
" 4000 3000 1.0,2.0 & 3.0 1 ? 15 18 0 12.63 54
" : 70,90 & 110 33 18 3 29 24 1 15.18
4250 3500 1.0,2.0 & 3.0 4 , 19 11 3 8.33 54
¥ 70,90 & 110 11 38 5 11 39 4 24.26
" 6000 4000 1.0,2.0 & 3.0 . 7 . 7 4 0 20.24 54
¥ 70,90 & 110 17 32 5 5 47 2 3.89
" 8000 6000 1.0,2.0 & 3.0 ; ’ 7 8 2 2495 54
Pert 4. ke
' : Lok 70 & 110 19 98 3 21 95 4 0.86
Test tone : 500 1000 to 6000 1.0 & 3.0 . , . 8 8 3 1.61 120
variables | e 70 & 110 24 8l 15 30 84 6 5.58
" 1000 1000 to 6000 1.0.& 3.0 ¥ - 9 11 4 2.24 120
‘ L 70 & 110 16 94 10 23 88 9 4.18
" 1500 1000 to 6000 1.0 & 3.0 L 7 9 0 5,84 120
vk 70 & 110 3L 89 0 3¢ 81 5 - 8.39 ‘
" 2000 1000 to 6000 1.0 & 3.0 o A 16 14 1 6,73 120
" . L 70 & 110 37 75 8 29 89 2 9.65
3000 1000 to 6000 1.0 & 3.0 A 14 17 6 9.81 120
" i 70 & 110 9 104 7 23 87 10 14.13
4000 1000 to 6000 1.0 & 3.0 S 8 0 1 13.78 120
" - 70 & 110 2l 93 6 19 95 6 8.17 |
| 6000 1000 to 6000 1.0 & 3.0 o e 8 11 2 4,93 120
R 70 & 110 15 101 4 20 98 2 3.62 R
" 8000 1000 to 6000 1.0 & 3.0 Ly B 6 9 0 2.44 120
e Total 539 1180 18l  Total 585 1231 134  Tobal 194.29 i
- S - o o v Total 246 280 63 Total 170,90 Total 1950
Lo — T Mean 8.09 s Bl —— R
R _ , . ~ SEEC UEE N B Mean 7.120
) | -
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points at the highest threshold value thereafter (see points 4, e and
f on figure 18a to 18c) were calculated. The difference between
these values was recorded as a measure of the amount of bounce. Figures
18a to 18c are examples of records studied in this way and table X1l
records the judgements made on these records.

Table X111 summarizes the results of this analysis. The table is
sub-divided into four parts dealing with the experiments on the
stimulus tone variables, Conditions ‘A', 'B' and 'C' and the experiments
on the test tone variables respectively. Inspection of parts 1 and 2
of the table reveal that the proportion of results showing diphasic
recovery is maximal at a stimulus intensity of 90 db. and at a stimulus
duration of 2 minutes. Parts 1 and 2 also reveal that the proportion
of results showing sensitization and the proportion of results showing
bounce higher than initial TTS decrease and increase respectively with
increased severity of the stimulus conditions. Parts 3 and 4 of the
table reveal that the presence of diphasic recovery is maximal at 1000,
2000 and 3000 cps and is minimal at 4000 cps. Sensitization, in these
sections, is minimal at 2000, 3000, 4000 end possibly 1000 cps, and
bounce higher than initial TTS is maximal at 4000 cps and minimal at
1000, 2000 and 3000 cps. |

In order to test the validity of the judgements made, the total
results for all conditions were analysed using a chi-squared test (see
Garrett, 1958, pages 253 to 266). It would be expected that if no trend
were gpparent, a third of the total results would be assigned to the jes,
no and doubtful categories in the sections on diphasic recovery,
sensitization and bommce higher than initial TTS. For ex:mple a total of
702 results showed diphasic recovery, 1067 did not show diphasie recovery
and 181 were doubtful. These are the obtained frequencies and the
expected frequencies are 650 in each case (one third of 1950). The
results of the chi-square analysis are summarized in table XiV. It can
be seen from the table that in all cases the assigmment of the results
is gignificantly different from chance.

To treat the data statistically it was necessary to use the results
obtained with individual subjecté. These are presented in table XV
(parts 1 to 4). Only the "yes" classifications are shown in the table



Zable XV]
Summarizes the results of the Friedman two-way analysis of variance applied to the date of table X1V.

Experiment Faotor Number of Columns Number of Rows X 2 Probability.
: (Experimental Conditions) (Subjects) r :
Stimulus tone ’ C , C .
(Condition '4') Diphasic Recovery 3 | 6 84338 0,012
" Sensi tization ' : 3 : 6 10.333 0.0017
" Bounce higher than : ’
initial TTS ' 3 6 6,333 0.052
Stimulus tone : :
(Condition 'B') Diphasic Recovery 3 6 7,000 0.029
n Sensitlzation 3 6 84333 0.012
" Bounce higher than
initial TTS 3 ' 6 . 2.333 0.430
Stimulus tone . . ' _
(Condition 'C') Diphasic Recovery _ 10 6 17.381 Less than 0.05
" _ Sensitization 10 6 17.863 Less than 0,05

" Bounce higher .than ,
initial TTS _ 10 6 45,072 Less than 0,001

*E0T;



Experiment

Test Tone

Factor

Diphasic Recovery
Sensitization

Bounce higher than
initial TTS

Iable XVl continued
Number of Columns
(Bxperimental Conditions)
8

8

Nunber of Rows
(Subjects)

6
6

2

X

r

20.305

6.319 .

4.083

Probability,

Less than 0,01
Leas than 0.50

Legs than 0.80

‘iOI
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since the total number of "no" and "doubtful" cases is determinedrby the -
number of "yés" classifications. The data on diphasic recovery, |
sensitization and bounce higher than initial TTS and the data in each

part of the table were analysed separately. If we are to test the dif-
ferences within thé different eﬂpérimental conditions, the samples in
table XV cannot be treated as being independent. The same subject'was
used to collect the data within any particular series of experimenﬁal
conditions. Hence, it was necessary to use a Friedman two-way analysis

of variance (see Siegel, 1956; pages 166.t0172) to test the significance
of the data. This is a non-parametric test used when "k matbhed-samplesb
ere in at least an ordinal scale.” (Siegel, page 166). To place the

data in an ordinal scale it was necessary to divide tbe number of cases

in any cell by the possible total number of cases. However, for the data .
on diphasie recovery and sensitization in any given par§ of the table, the
divisor was always the same. For example, in part 1 there are 14 ggggiglg
cases in any cell in the diphasic recovery and sensitization sections.
Consequently, the ordinal ranking utilized in the analysis of this data
was based on the number of cases of diphasic recovery or sensitization.
However, for the data on bounce higher than initial TTS the divisor varied,

since the totel number of possible cases was equal to the nunber of cases

. shoving diphasic recovery. Hence, for this data the ordinal ranking was

based on the number of cases divided by the possible total nunber of cases.

Table XV1 surmarizes the results of the Friedman two-wey analysis of |
variance used to test the significance differences within different
experimental conditions. It can be seen from this table that the followipg
differences are not significant at either the 0.05 or the 0.0l level of
confidence :

(i) The differences in the degree of bounce with different stimulus |

intensities (stimulus tcne experiments, Condition 'A').

(i1) The differences in the degrée‘of bounce with different

stimulus durations (stimulus tone experiments, Condition 'B').

(ii1) The differences in sensitization with different test

tone frequencies (Test tone'experineﬁts).

(iv) The differences in the degree of bounce with different

test tone frequencies (Test tone experiments).



Table XV11]
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Summarizes the results for individual subjects of the presence

of diphasic recovery, sensitization and bounce higher than initial

ITS.

Part 1. Stimulus
Tone: Condition 'A'.

No. Diphasic

No. Monophasic

No. Doubtful

No. Sensitization
No. Non=-Sensitization

No. Doubtful

No. Bounce Higher
No. Bounce Lower

No. Doubtful

Part 2. Stimulus
Tone: Condition 'B‘'.

No. Diphasic
No. Monophasic

- No. Doubtful

No. Sensitization
No. Non-Sensitization

No. Doubtful

No. Bounce Higher
No. Bounce Lower

No. Doubtful

28

15
12

18

10

22

16

26

38

20

16
11

10

—Subject.-

35

21
18

29
Subject.

23

15

13

14

15

29

13

14

23

14

24

16

14

18

24

20

22

10

10

18

22

.o.oooo.o.contt
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Table XV1l (continued).

Part 3. Stimulus
Tone: Condition 'C'.

No. Diphasic

No. Monophasic

No. Doubtful

No. Sensitization

No. Non-Sensitization

No. Doubtful

No. Bounce Higher
No. Bounce Lower

No. Doubtiul

Part 4. Test

Tone.

No. Diphasic
No. Monophasic

No. Doubtful

No. Sensitization
No. Non=-Sensitization

No. Doubtful

No. Bounce.Higher
No. Bounce Lowver

No. Doubtful

75

21
21

32

120

27

130

21

79

14
13

42

112

19
127
14

20
19

Subject

J K L
.51 59 12
33 14 67
16 7 11
21 24 45
61 57 38
8 9 7
26 11 6
22 39
3 9 0
Subject
P Q R
21 33 27
131 120 122
8 7 11
23 43 40
133 110 109
4 7 11
7 9 5
10 22 17
4 2 5

106.

58
24

37
49

17
130
13

44
112

14



Table XV111
Summarizes the results of the chi-square analysis of table XV11 to test the significance of the subject differences.

If necessary the monophasic and doubtful, non-sensitization and doubtful and bounce lower and doubtful rows have been

combined to fulfill the requirements of chi-square.

Experiment Factor Chi-square d.f. Significance.
Stimulus Tone Diphasic Recovery 85.12 5 Less than 0.0l
(Condition *A‘)

" Sensitization 48,78 5 Less than 0.01

" Bounce 19.65 5 Less than 0.01
Stimulus Tone Diphasic Recovery 22.11 5 Less than 0.01
(Condition 'B')

" Sensitization 35.83 5 Less than 0.01

" Bounce 21.75 5 Less than 0.01
Stimulus Tone Diphasic Recovery 100.87 10 Less than 0.0l
(Condition 'C*) ,

" Sensitization 69.8 5 Less than 0.0l

" Bounce 15,758 5 Less than 0.01
Test Tone Diphasic Recovery 36.62 10 Less than 0.0]

" Sensitization ’ 39,32 5 Less than 0.0l

" Bounce 15.758 5 Less than 0.01

. *40T
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Apart from these all the other conclusions reached after inspection of
table X111 (see page 102) are statistically significent at the 0.01 or 0.05
level of confidence.

To analyse the data even further a second table was drawn up showing

the results for individuel subjects. This is table XV11, (parts 1 to
4). It can be seen from this table that the individual subjects vary
considerably in the degree to which they show diphasic recovery, sensitization
and a bounce higher than the initial TTS. To test the significance of
these differences 12 contingency tables were constructed and the data
analysed using chi-squared. (See siegel, 1956, pages 175 to 179). The 12
contingency tables consisted of the results for diphasic recovery, sensitiza-
tion and a bounce higher than the initial TTS, separately analysed for the
three stimulus tone experimsnﬁs end for the test tone experiments. The

justification for using chi-square is that the results for gach individual

subject can be considered to be independent. Hénce, the samples (i.e. the
results for each individual subject).are independent. In table XV1l it can
be seen that there are seversl sections in which more than 20 per cent of the
expected cell values are less than 5 and/or any expected cell values are less
than 1. Siegel (op.cit., page 178) points out that under these conditions
"the results of the test are meaningless." However, Siegel also points out
that this difficulty can be obviated by combining adjacent categories,
provided ﬁhat the adjacent categories have some common property. In table
XV1l, both the categories not showing a given phenomenon can be combined
meaningfully, i.e. they become single category recording the number of

cases not showing the given phencmenon. Hence, wherever necessary the
"doubtful®™ cases were combined with the number of cases showing monophasic
recovery, non-sensitizetion or a bounce lower than the initial TTS. When
this was done, it wes found that th; requirements for chi-square were not
violated. The results of this analysis are summearized in table XV1ll. It
can be seen from the table that under all experimental conditions the
differences in diphasic recovery, sensitization and a bounce higher than the
initial TTS are significant at the 0.01 level of confidence. Hence, we can
conclude that there are significant individual differences in susceptibility

to diphasic recovery, sensitization and bounce higher than the initial TTS.



recovery,

Table X1X

Sumnarizes the results of the chi-square analysis of table XV1l to test the interelationships between diphasic

sengitization and bounce.

Experiment

Stinmulus Tone
(Condition 4)

Stinulus Tonm
(Condition B)

Stimulus Tone
(Condition C)

Test Tone

Chi-gquare

36.579
7.758
46,598

20.437

Degrees of freedom
5

Significance
it 0.01 level

Nob significant
At 0.01 level

At 0.01 level

°60T
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Further inspection of table IVIL reveals that those subjects with the
highest proportioh of results showing diphasic recovery tend to be those :
subjects with the lowest proportion of results showing sensitizetion. -
" Similarly, ’thbs;subjects with the highest proportion of results showing |
diphasie recovery té;id to be those subjects with the highest mopbrﬁon |
of results showing a bounce higher than' the initial TTS. To test this
hypothesis a second. contengency table was drawn up for each part of table

XV1l. In this the number of results showing diphasic recovery, the |
number of results showing sensitization and the number of results émuing
bounce higher than initial TTS were plotted as rows. The following
| exenplifies the procedure with part 1 of table XV11 .

Subject
A B c D B F
No. Diphasic 28 16 35 20 5 18
No. Sensitization a1 38 21 29 9 20
No. Bounce higher than 15 10 4 4 4 2
initial TS

TOTAL 74 64 60 53 18 40

Thess tables were subject to a chl-gquared analysis. It was agaln
necessary to combine rows to avoid violation of the -assmnpt’ions made

in chi-square (see page 108). In this case the results for sensitization
and bounce were combined. The results of the apalysis are summarized;

in table X1X. It can be seen from this table that in three out of four .
of the experiﬁlenta.'l_. conditions the results are significantly different |
at the 0.0l level of confidence. Consequently, the two observations |

are justified: .



CHAPTER X

Con = t-

.Five control axberiments were carried out (see pages 59 to
63).  They were : _

(1) Experiments in which the stimulus tone was replaced

by a period of silence.

(i1) Experiments in which the Békesy method of threshold

tracing was eomparea with threshold measurements

obtained using & modified method of limits.

(iii) Bxperiments comparing the tracing of thresholds,

using the Be/ke/sy method, for short periods and for long

periods.

- (iv) Bxperiments on long term TTS effects.

(v) Experiments studying the ambient noise levels in the

sound-proof room. |
The results obtained in these experiments are described in the subsequent
sections.

timylug tone peplace ilence :

Figures 19a to 19¢ illustrate the tracings obtained when the
stinulus tone was replaced by a period of silence. It can be seen from
the tracings that there is very little observable shift in threshold
under these conditions. To check this the mean. pre-exposure and post-
exposure thresholds were calculated by taking the meen of the u'ansiﬁon
points in these pericds. The mean shift in the 54 control trials (6
subjects with 9 expérimentel conditions) was found to be -1.39 db. The

stendard deviation of these results was 1.47 db.

(b) The Békesy Nethod
Initially in these experiments the six subjects traced their.
threshold using the Be/ke’sy method, for one fifteen minute period at
frequencies of 1000, 1500, 2000, 3000, 4000 and 6CC0 cps. In this way 36
tracings were obtained. Figures 20a to 20c are representative exmmples
of the tracings obtained in this menner. Inspection of these and
the other 33 tracings obtalned revealed that slov aperiodic changes

occured in the threshold during the 15 minute tracing pericd. In arder to
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@ | f :
: ‘ ' 1-11-60
. : FINSH'  Subjact ‘N’
: | : Conlrol
. ' | Test: 1000cps.
' i Duration : Imin.
i
| | |
i | |
Pre-Siance  Silenca | Pod-Silence |
|
I . !
|
STA“?) : - : FINISH,
I 25'"'60 | '
. o tat | Infensih;
; s"*ﬁ Q : | Incrcasymg
| Conlrel |
L Test : ' Infans ity
I Dunfoom-l-iT. Decreasing
: |
| !
Pre-fiece | Sience | Pod-Silence :
: | I |
I | |
] | {
| | :
[
(®) : | |
| |
STARY | 3-12- 60 | FINISH
| Subject ‘R :
! Con‘l’ro! : )
| Test : GOOOqls I
! Duration :Snin.l |
| : I
' |
| | ] |
I ) .
Pre-Silence | Silence : * Post-Silence. :
: | |

Figure 193 Typical tracings obtained when a periocd of silence
replaced the stimulus tone. T!me left to right (1" to 1.5 min.).

Intensity top to bottom (1" to 8.08 db.).



BEKESY EXPERIMENT .
Intensity

Increosing

19-11-60
Firgt Peok Subjact 'U' ety
.- G 500 cps. Second Peck Decrequing

First Vatley Second Volley
Stort Fien
ntensity
Increastn
13-12-:60 ncrexsng
Firgt :cdl Suject "W

3000 nte

cpa Second Peck 5 "‘.‘zo

First Vailey
Sscond Vailey

Finish

Start

Firsqt P,m 13-12-60 .Sacond Peax
Subject 'V’
1000¢ps.

Intensity
ncreasing

c o
First VaRey

Sscond Valley

Finigh

Stort

Pignroe 20 : Ghows typical tracings obtained when the
threanold io traced for a fiftecn minute period using
trhe Zckepy stechnique. Pect frequency is as shown and
wag conghand throughout the tracing period. Scale 3
Intcacity, I irch to 15.6 ab; Time 1 inch to 2.3 minutes.

\



Shows the amount of threshold oscillatlon for each subject at each frequqncy, for each subgect with all frequencies

and for each frequency with all subjects (measured by the number of peaks and valleys on a fifteen minute test record).

Subject T
n U "'
n v
" W
" X
" Y
Total
Mean

1000

29
4.83

,Freq_t-ienoy in cps.

1500 2000
8 8

e 6
n 6
5 4

4 4

7 7

44 30
7.33 5.00

3000

20

3.33

4000

15

2.5

6000 Total

26
25

82

15
25

> M B O M o H

0.66

18

HMean

4,50

’4.16

5.33
3.00
2.50

4.16

141 = Grand Total

3.94 = Grand Mean

1441



115

facilitate the investigation, each record was gquantified in the
following manner :

(1) The mumber of peaks and valleys, i.e. the extremes

of threshold valves and not the transition points,

were counted. This is termed the gmount of

oscillation.

(11) The threshold value at each peak and valley |

were computed by avereging the five transition points

sarrounding it (see a, b, ¢, d and e; and £, g, h, 1

and j ete. on figures 20a to 20c).

(1ii) The differences between the threshold at

successive peaks and valleys was :calculated. This

was averaged to provide a mesn value of the Smp 1itude

of the threshold oscillation.

(iv) The subjects were ranked by reference to the

mean smount of mggn that they showed on

the six tracings which were Va.‘vailé.ble for each

subject.

(v) The subjects were rarked by reference to the

mean amplitude of ogcillation that they showed on

the six tracings which were available for each subject.

Table XX shows the amount of oscillation produced by each
subject at each of the frequeﬁéiés tested. Inspection of the table
reveals that the amount of oscillation is maximal at 1500 cps and
decreases as the ﬁequencies'_deﬁate from this value. The table
also indicates that there are s:i.g:_xifica.nt differences between subjects
in the amount of oscillation that they show. These differences
were not tested using analysis of variance, since it was suspected
that the distribution of the',&ﬁnc;unﬁ of oscillation might be badly
skexa;ed. Oldfield (1955) states of similar fluctuations in the
differential threghold for sound intensity that, "the population of values
is highly skewed, and neither logaritimic nor sguare root transforma'tion_
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Table XX1

Summerizes the analysis of the data presented in table XX, to test
whether the frequéncy and subject differences in amount of oscillation

are significant.

(a) Frequency differences: Friedman's two-way analysis of variance.

Sum of column ranks squared = 3163.50
Number of rows = 6
Fumber of columns = 6
Degrees of freedom = 5

‘2
)(r= 14.642 (P less than 0.02)

(b) Subject differences: Kruskal-Wallis one-way analysis of variance

(incorporating the correction for tied ranks).

Number of samples = 6
Number of cases in each

sample = 6

Total number of caseé = 36

Sum of semple ranks squared = 75730.00
D"e'grges' of freedom = 5
_Gorregtioh- for tied ranks = 0.995

H = 2.721 (P between 0.80 and 0.70)



Showa the mean amplitude of oscillation (in db.) for each subject at each frequency, for each subject with frequencies

of 1000, 1500, 2000 and 3000 and 4000 cps and the means for all subjects (a dash indicates insufficient peaks and valleys

were available to determine the amplitude of the oscillation).

Subject T

" U

" v

" w

v X

" 4
- Total
llean

1000
14.84
4,51
3.99
6 .62
7.87
3.76
41.6

6.93

1500
6.59
4,00
2.55
7.18
5.58
1.21

27.11
4,51

Frequency in cps.

2000

14.36
4.75
3.92
7.12
8458
5.01

43.74

7629

3000
7.43
8.81
6.72

13.12

4.76
46.0

7.66

4000
5.50
5.08
2432

{8,50
4.75

14.00

30.15

5.08

6000

Total Mean
43,25 10.681
22.07 5,52
17.18 4.30
34.06 8.5
27.66 6.92
14.74 3.69

Grend Total = 158.96

Grqnd Mean .= 6,623

AT
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Toble XX111

Sumnarizes the analysis of the data presented in table XX11, to test
whether the frequency and subject differences in amplitude of
oscillation are significant.

(a) Frequency differences: Friedman's two-way analysis of veriance.

Sum of column ranks sguared = 974
Runber of rows = 6
Number of columns = 4
Degrees of freedom = 3

1 R
X = 7.4 (P between 0.20 and 0.10)
,

(b) Subject differences: Eruskal-Wallis one-wey anelysis of variance.

Nunmber of semples - = 6
Number of cases in each sample = 4
Total number of cases = 24
Sum of sample ranks squared = 17,510

Degrees of freedom = 5

H = 12.50 (P less than 0.05)
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goes far to normalize it." Similarly in discussing fluctuations of the

absolute threshold for gound intensity, Wertheimer (1953) states that
"non-paraemetric techniques were employed in preference to standard ones."
The significance of the frequency differences were tested using‘Fri'e‘dma.n's:
two-way analysis of variance (see Siegel, 1956, pages 166 to 172). o
The- jus‘l;ification for using this technique has been outlined on

page 105. To test the subject differences the data was tested using the
Kruskal-Wallis one-way analysis of vériéneel (see Siegel, op.cit. pages 184
to 193). The justification for using this technique is that if we tr_e_’at'-'
the subjects as conditions, the samples are independent. The Kruskal- |
Wallis test was used in preference to chi-square becamnse the data is in

an ordinal scale.

The results of the two analysis are summarized in table XX1. It
ean be seen from the table that the frequency differences in the amount
of oscillation are significant at the 0.02 level of significance, but |
that the subject differences are not' significant. The latter finding is
probably an artifiact of the shortness of the test period. For most
subjects only one or two peaks and valleys occurred at 4000 and 6000
eps. 4 longer period would have allowed a more accurate assessment of
the numher of peaks and valleys. Hence, subject differences would have
been increased. | »

The data obtained regerding the amplitude of oscillation was
treated in a similar manner. Table XX11 shows the mean amplitude of
oscillation at each frequency for each subject é.nd the mean at each
frequency for all subjects. In the analysis the results at 4000 eps were -
discarded, since these were obtained from only two or t.hrée peaks and
valleys and hence were thought, as a group, to be unreliable. The
results of the analysis are summariged in table XX11l. It can be seen
from the table that the frequency differences are not signifiecant, but
that the subject differences are significant at the 0.05 level of
confidence. .

Inspection of the mean values in the body of table XX and in the
bedy of table XX1l1 indicates that fhecre appears to be some negative |

relationship between the amount end the amplitude of the oscillations.



Zable XY
Calculation of Spearman's rank differences correlation coefficient for the rankings of the mean amount and mean
enplitude of oscillation for the different subjects.

X Y , X y
Subject Méan emount of Mean emplitude of Rank for Rank for d &
oscillation. oscillation. amount. amplitude. ‘
(See table X1X). (See table XX1).
v 5.38 4.33 1 5 4 16.00
T 4.50 10.8 o 3 1 1 1.00
U 4,17 5.5 3.5 6 2.5 Y 6.5
Y 4,17 3.69 3.5 4 . 0.5 0425
W 8.00 ' 8.51 5 3 2 4,00
X 2450 6.92 6 | 2 4 16.00

02T
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Figure 23: The emoothed threshold responses obtained
during a fifteen minute Békésy tracing period at 1500
cps. OSmoothing was obtained by taking a five-point

moving average.
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To test this observation the _-s,u‘n;jects were ranked by reference to their
mean amount of oscillation and by reference to their mean amplitude of
oscillation. Spearman's rank-differences correlation. coefficient was
calculated, after applying a correction for tied ranks (see Yule and
Kendall, 1950, page 265). The results of this analysis are summarized
in table XX1V. The rank-differences coefficient was found to be -0.23
and this confirms that there‘ is a _&i_gyj negative relationship between
the amount and the amplitude of the oscillatory changes. However, the
relatioﬁship is not significant since with 6 cases, a coefficient of
0.829 is required for significance at the 0.05 level of confidence (see
Siegel, op. cit., pages 210 to 212). |

To ascertain whether the changes shown in the Bokesy recordings
were an ertifact of the method used, data was collected for the same
subjects using a modified method of limits (see pages 60 to 61). RBach
subjec‘b"s_ threshold was recorded for a fifteen minute period at 1500 cps .~
using this method. The responses made by the subject in this period are .
shown in figures 2la to 21f. Inspection of these figures reveals that
again there are aperiodic ‘oscilla.tory changes in fhe threshold. However,
intra-subject comparison with the results obtained at 1500 cps using the
Bokesy technique indicated that the changes produced by the latter
method were much grea.tgr.

To facilitate the comparison the two sets of curves were smoothed
by taking a simple five-point moving average (see Yule and Kendall, 1950,
pages 617 to 633). This technique smooths out any chance irregularities
in the curves without destroying thé general traﬁds. The smoothed
curves for the two techniques are shown in figures 22a to 22f and
figures 23a to 23f. Visual éomparison of the two curves indicates that
thare is a much greater variation in both the emount and the emplitude
of veriations using the Bekdsy technigue. The difference in ttn'eshold
oscillation between the two techniques was statistically tested by
calculating for each subject, the mean amplitude of oscillation. Sinee
the same subjects were used in each sample it was necessary to utilize
a test for related samples, to test the significance of the differences

between the two methods. The non-paramstric Wilcoxon matched-pairs
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Table XXV
Sumarizes the calculation of the Wilcoxon natched-pairs

signed-ranks test. Ihis was used to test the“éignificance'of the
difference between the emplitude of threshold oscillation produced
by the Bekesy method and the modified method of limits. Data is

presented'in‘figures 22 and 23.

Subject llean emplitude- fHean amplitude- d Rank of

Bekesy method. Method of limits. 'a’
T 7.30 | 1.23 6.07 +5
U 3.46 1.86 1.60 o 41
v 3.93 1.35 2885 43
1% 5.80 . 2.57 3.23 ;4
X 10.90  l.e i 9.42 - ? +6
Y 3.71 1.80 101 2

There are no negative ranks
Therefore T = 0

With N = 6 and T of O, the

differences are significanf

at the 0.05 level of confidence.
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Table XXV

Summary of the analysis of the recovery from TTS using the modified method of limits technique to measure

the thresholds.

Diphasic Recovery
Sensitization

Bounce higher than
initial TTS,

Yos

36

16

12

No

37

16

Doubtful
9

1

Toteal
54

62T
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signed-ranks test (see Siegel, op, cit., pages 75 to 83) was used. The
choice of a non-parametric test was determined by the non-normality of |
the distribution (see page 115). The Uilcoxon test was used in preference
to others such as the Sign Test (see Siegel, op. cit.,pages 68 to 75)
becatse it takes account of ‘the magnitude of the differences between the:
means. The calculations are summarized in tabie XXV. It cen be seen
from thJ;;s table that the differences are significant at the 0.05 level of
_confidence, or if we assume a one-tailed test, at the 0.025 level of
confidence.

() Coptrol ezperiments on recovery from FIS.

Figures 24a to 24c are graphical representations of the results obtained
when TITS was studied using the modified method of limits technique to
measure’rthe pre-exposure and the post-exposure thresholds. The curves
have been smoothed by taking a five-point moving average. The fifty four
curves obtained were analysed in the same mamner as the recovery curves
obtained using the Bekesy method (see page 94). The results of this
analysis are sumarized in table XXV1.

To compare the recovery phencmena associated with the two techniques,

a chi-squared analysis was applied to the data obtained in these experiments
and tke data collected under similar conditions but using the Bekesy |

~ method. (See table X111, part 1). The justification for using chi-squared
is that the data was collected with two different groups of subjeets, i.e. |
the samples are indej:endent-. Three contingency tables were drawm up for

the three phéncmena as emmpliﬁed, for diphasie recovery, in the

following table :

.Bekesy Method Method of Limits Total
Yes 122 36 158
No 1C6 9 115
Doubtful .24 ' 9 33

The table was then analysed using chi-squared (see Siegel, op.cit.,pages
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JZable XXV1]
Summarizes the results of the chi-sguare analysis of the

distribution of results showing diphasic recovery, sensitization and
bounce higher than initial TTS. using the Béke/sy and modified method
of limits technique of threshold measurement. Date msed is presented

in table X111, part 1 and in table XXV1.

Variable Chi-Sguare d.f. Significance
Diphasic Recovery 12.624 2 At 0.01 level.
Sensitization 16.443 2 »

Bounce higher than 2.791 2 Not Significant.

initial TTS.
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175 to 179) to ascertain whether the classification of the recovery
curves differed significently in the two methods. In all cases the
number of expected frequencies less then 5 wes less than 20 per cent
of the tbt.al number of expected frequencies. Hence , Do combination
_of categories was required. The results of the whole analysis are
swmarized in table XXV1l. It can be seen from the table that for diphasiél
recovery and sensitization, the. distribution of the results differs
significently with the two methods. Consequently, we must conclude that
the way in which the threshold is measured affects the number of results
showing diphesic recovery and seﬁsitization.

Be/ ¢ caci 1 a ho: eriodg.

In view of the relatively large variations in threshold observed
when the Békésy method was used to trace the threshold far fifteen mimte
periods at one frequéncy, a further control experiment was devised. In-
stead of tracing continuously the subjeét was asked to trace for three
minutes and he was then allowed to rest for two mimmtes. This cycle
was rebeated three times to give a total testing time of fifteen minutes.
Figures 25a to 25c¢ are examples of tracings obtained in this mammer.

It can be seen from the figures that there is very little
cyclicai variation over any given three minute sub-period or over the
total fifteen minute test period. None of the recorcis showed any of the
aperiodic cyclical variations which charecterissd the periods during
vhich the threshold was traced eontinuously for fifteen minutes. To
investigate the validity of the control experiment in which the stimulus
tone was replaced by a period of silence (see page 111), the threshold
velue for each three minute period was calculated by taking the meean
of all the transition points in that period. Differences between
successive periods were calculated for eat;.h subject. Then the mean
and standard deviation of these values were calculated for the four
subjecfs used in the experiment. The mean threshold shift was found to
be ~0.87 db. and the standard deviation 2.98 db.

Cnly four subjects were available (see page 62) for the

tracing for lorg and short periods and parametric statistics are not




Smmarizes the t.-taat @plied to test whether there isa a ".,

' differenee in thresholﬁ s‘hift at tﬁe beginning and- the end of a one
.a.nd a half to two hour test’period. :

(a) Boginning of (D) Eod of test
test period. p&io&.

 Number of Subjeets 6 | 6
Standard Deviation 3.67db, - B X S

Prqddcﬁnomént correlation = 0.86

Standard Brror of the
difference (S‘E'MD)

& of 1.13 with 11 degrees of fre;egomis' not signifident
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e
v

applica’gle to the data (see page 115). Hence it was decided that it was
impracticable to apply a statistical test to this data and the data
colleeted in the control experiment in wvhich the stimulus tone was |
replaced by silence. Hovever, the two means ,(-o.év and -1.39) and the
two stendard deviations (’»iAT and 2.98) are reasonably close to each
other. |

- ITS was recorded at th beginning and the end of a cne and a
half to two hour test session, after exposure to an 110 db. tone at
stimulus frequencies of 1000, 2000 and 3000 cps. ' The TIS at each
frequency, for each subject and for each period was calculated. Group
means for the whole of the experirent were then caleulated. The mean
TTS for the periods at the beginning of the session was found to be 7.8
db. and for the periods at the end of the period was found to be 8.4 db.
The standard deviations of the two sets of scores were found to bé '3.67
db. and 3.82 db. respectively. The product moment correlation coefficient
between the two sets of scores was calculated and found to be 0.86. It |
can be seen from the above that there was an increase in mean TTS of 0.6.
db. fron the beginning to the end of test session. : v

Since the distribution of TIS is normal (see page76 ), & 't'~test,
. taking account of the correlation, was applied to the data (see Garrett, :
1955, pages 226 to 228). The results of this are summerized in table
XXV1ll. It can be seen from the table that the difference between the
two means is not significant. Hence we must conclude that there were no
significanf additive effects of successive exposures over the duration of
the test session.

t i ept,

The final control experiments consisted of measuring the
overall noise level in the test cubicle. Fo measurements were obtainable
on the frequency ranges 4 and B of the meter. These weight the
frequencies in relation to the 40 and 70 phon Fletcher-Munson (1933)
equal loudness curves. The nminimum intensity measurable on the meter was

24 db, Thus the overall intensity of the sound on thess frequencies rmst
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Tabl g XXX
Overall noise»lrevel in the test cubicle as meaéured by the Dawe
Sound Leve]. Metéf '-(Tiype 1400Z, settiﬁg C) for three three hour perio_dsu
at fifteen .mimite"intervals.
. Time of Testing

11.30 a.m. to' 2.30 p.m. to 8.45 a.m. to

2.30 p.m. 5430 p.m. 11.45 a.me
Time from commencement Heter readings in db. re 0.002 dynes/cm2
of testing (in minutes) '
15 39 34 36
30 | "35 v 38 39
45 | 4l 40 42
60 39 33 44
75 46 | . 35 43
90 40 ' 36 41
105 42 . a7 40
s 120 -- 34 43 38
135 42 40 38
150 34 35 40
165 38 37 41
180 s 37 a2
Mean Hoise Leve; in db. re 37 37 40
0.0002 dynes/cm®
Standard Deviation in db.: 4,61 2.97 2.33

re 0.0002 dynes/am?
Meen for all three three hour periods = 38 db.

‘Standard deviation for all three three hour
~periods = 3.51 db.
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-Téll],e XXX
Overall noise 1evei in the test cubigﬁle as measured by the Dawe |
Sound Level lleter (Type"I;OOE, Setting C) for ‘three fifteen minute
__pg’_riods at one minute intervals.

Time of Testing

11.30 am to  4.00 p.m. to  10.45 a.n. to .
11.45 a.m. = 4.15 p.m. 11.00 a.m.
Time from commencement Keter readings in db.'re 0.002 dynes/cmz
of testing (in minutes)
1 39 36 38
2 38 .35 34
3 36 37 39
4 a2 37 32
5 38 37 33
6 36 36 36
7 36 3s 36
8 34 38 38
9 37 41 37
10 | 37 38 35
11 36 37 40
12 35 = 39 38
13 38 - 85 36
14 35 38 36
15 %6 37 38
Average : . 37 37 37
% of raw values within z .
2 db. of average 86% 94% 73%
. |

% of raw values within :
4 db. of average 937 1¢0% 93¢
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have been less than 24 db. OCn a setting C, the sbund level meter
equally weights all frequencies befcween 32 and 80CO cprs. The noise level
readings obtained during the three hour and the fifteen minute reéofdipg' H
periods are given in table XX1X and XXX. It czn be seen fram table ix o
that on settmg C the mean noise level over t«he three hour periods was
38 db. and the mean.standard deviation over the three hour periods was
'3.51 db. Table XXX indicates the constancy of the noise level, since in
the three recording periods 86, 93% and 73% of the raw values come ‘
within 2 2 db. of the mean and 93%, 100% and 93% of the raw velues

come within = 4 db. of the meen.
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CHAPTER X1
o egults pr ted in chapte Vll
o} inclusi
To refresh the cemory of the reade_r thé main results of each
of the experiments performed are summarized below :

~ Experiment. - Results.

(2) Training A gradual dimimution of varisbility |
of results.
(b) Stimulus Variables

(1) Condition 'a* A lineer increase in TTS with stimulus
duration. With 110 db. stimulus |
intensity, the linear increase divides
into seperate parts. 70, 90 and"e’ariy
110 db. increases parallel each other.

(ii) Condition 'B* No significemt increase in TTS as the
stimulus intensity is increased from
70 to 95 db. Therea.fﬁer, signifi;:ant
increases; the severity of the increase
being dependent on the severity of
the stimulus conditions.

(i11) Condition 'C* ITS maximal at 1000, 2000 and 3000
eps or at 1000, 2000 and 4000 cps
depending on the severity of the
stinulus conditions.

(c) Test Tone Variables TTS maximal at a frequency half an

| octave above stimulus frequency.

Increased severity of stimulus con-
ditions ptoduces maximal effect at
this frequency. Range of frequencies
affected relatively constant with
stimulus frequencies below 3000 cps.

(d) Recovery from TTS |

(i) Latent Time Shows a “bounce® type phencmenon at




(11) Data from stimmlus and

test-tone variables

(e) Control Experiments
(i) Stimulus Tone replaced
by silence
(11) Békésy method .

(iii) Recovery

(iv) Tracing for short

periods.
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1000 and 2000 cps. Latent time is -
maxinal at 4C00 cps and minimal at
1000 cps. Increases at 4000 and BCIOO-";
eps parﬁlel each other. ' '
Diphasic recovery is maximal at 390
db. stimulus intensity and a 2 nimute
stimulus duration. Sensitization a.nd
bounce higher than initial TTS de&e_»ése
and increase respectively, as the |
severity of the stimulus conditions
increass. Diphasic recovery is E
maxinal at 1000, 2000 and 3000 cps :
and minimal at 4000 cps. Sensitizatiéﬁ
1s mininal at 1000, 2000, 3000 end .
4000 cps. Bounce higher than 1ni'b1a1
ITS is minimal at 1000, 2000 end 3000 -
cps and is maximal at 4000 cps. Theve’
are individuel variations in the |
incidence of diphasie recovery.
Individuals most susceptible to .
diphasic recovery are least suscéiatibié

to sensitization.

Mean shift in threshold was -1.39- ab.

vith e standard deviation of 1.47 db. -
Produces aperiodic, cyclical variations
in the threshold which are larger
than those produced by a modified me‘l‘h—
od of limits. E
Phenomenon observed are quantitatiire’lj ..
dependent on the method used to'mea_lgxﬁié
them. | e
Does not produce aperiodic, cyclical
variations in threshold. lMean shifts




(v) additive effects of TTS

(vi) Test Enviromment
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similer to those obtained when

stinulus tone replaced by silence.

Did not significantly éffect '
experimental results.

Mean nolse level was 38 db. on ‘G*
wdighting of sound level meter. Little
variation over fifteen minute test

periods.






The general 66‘1101_11&101‘1 vhich arises from the -;#éa:its in which the
stimulus tone varisbles were studied is that thore is more than one k:l.nd
of TIS. This sugge‘sti'oﬁ- has been made by em&i{e# vriters such aé Ca.ussa’
and Chavasse (1947), Hood (1950) and Hireh'and Bilger (1955). Howetsr,
- apart from the discuéisions on diphasie recovery it ‘seems to have be‘ep )
lergely ignored by the majority of workers. Hirsh. (ié'sz, pages 177 to .
187), for-example, digcusses the results of Davis, Morgan, Hawkins, Galam
bos and Smith (1950) and Causse and Ghmsse {op.cit.) and of many _
other atud.ies as a- m:d.tary whole. He makes no attempt to sub-divide the
data into experiments appertaining to two seperate but related phenomenon
More. reeently, Werd and his co-workers (see » for example, Ward, Glerig
and Sklar, 1959 & and 19595) make no attempt to emphasize the differen-
tiation between their high. intensity TTS and TP resulting from more
moderate exposures. Itseezns tmlikely that théy are wnavare of the |
difference, but they do ‘fiot fepeciﬁcany.atate this. The results of the -
thres stimnlus tong. experinents are deseribed in the subsequent sectiona.

(1)’ Stimulng Duration | _

The existence of two TTS phenomena is most str:l.kingly revealed :Ln t.he
experiments on stimulus’ dqrgtion. The change in the slope of the 110 d’b-‘
lins in figure 6 (page 66) and the. cpna'iate'ncy of'-this cliange with
individual subjects uneaui%rbeany m&ieates that the sm swu, .
durations at 110 db.: ha:v'e a different effect than 1onger stimulus
durations at the same intensity The TTS effects at stimulus intenaﬁ.ties

of 70 and 90 db. appear to equate with the offects prodnced by short
duration 110 db. stimmli. Hence, the parallelism bstween the three lines.
The.offect associated with 70 and 90 db. stimulus intensities and ahort
duration 110 stimuli will be subsequently reforred to as M The

effeet associwbed with 110 db. stimuli of long duration will subsaquenth

be referred to as temporary stimylatiop deafnoss.
The results showing the existence of & critical stimulus duration are.
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contrary to the results of Hood (op. cit.), who found that no such

critical duration existed. There are two possible explanations of this

discrepancy. Hood used only a stimilus intensity of 100 db. This
intensity is only just above the critical stimulus intensity of 85-95
db. Consequently, we can conciude that- Hood's stimulus intensity was
very close to the minimal intensity at which temporary stimmlation
deafness is manifested. The results of this study (see figure 6,

page 68) indicate that no critical duration exists at a 90 db. stimulus
intensity. Conseqﬁently, if a critical duration exists with a 100
db. stimulus intensity, it may be so slight as to be unobservable
without highly refined techniques of measurement. Hood also

measured his ITS at a latency of 10 seconds. However, the work on
diphasic recovery has shown (see pages 29 &o 36) ‘that recovery from
fatigue can be seperated from recovery from temporary stimulation
deafness. The subject recovers from fatigue in approximately the first
minute after the cessation of the stimulus tone, whereas recovery from
temporary stimulation deafness appear"S'. to take longsr than one minute.
Hood's 10 second latency sesms %o ﬁave alloved fatigue to affect the
TTS neasurements far more than temporary stimulation deafness.
Temporary stimulation deafness will be present at this latency, but we
shall see later it produces a much smaller TTS effect than fatigue.
Hence, it will only have slight effect on the TTS measurements.

The above hypothesis was tested by a re-analysing of the experimental

data. In the re-analysis the mesan post-exposure threshold in the
first minute and the third minute after exposure were calculated for
each subject at the 110 db. stimmlus intensity. The nean threshold for
the thili‘-‘d minute of the post-exposure period was substracted fron ghe
mean threshold for the first minute of ti)e post-exposure period.
Recovery from temporary stimulation deafness is much slower than
recovery from fatigue. Hence it was thought that the corrected
threshold for the first minute oi" the poét-exposure period would be
largely but not completely representative of fatigue effects. The
mean threshold shift in the third minute of the post-exposure period
was thought to result from temporary stimulation deafness, since
recovery from fatigue is completed within a?prozd.matgly one minute of
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the cessation of the stimulus tone. Two measures of TS were then
calculated by shbstracting from the two post-exposure thresholds the
pre-expos;n'e threshold. The means of these two TTS effects were then
calculated seperately and plotted as a function of the étimulus duration.
The results are shown in figure 26. It can be seen from this figure
that both TTS measures show a linear increase in ITS with stimulus
duration. However, neither of them independently show the existence
of a eritical stﬁmlus duration. Instead the two lines cross at a
stimulus duration approximately equal to the critical stimmlus duration _
shown in figure-6.- Hence we may conclude that showing the existence -
of a critical stimulus duration is dependent upon allowing both fatigue
and temporary stimulation deafness to influence the TTS measures. This |
was one of the reasdhs for choosing a post-exposure threshold period
of three minutes in ;the present experiments.
-~ (1) Stimulus Intensity.
The experiments on the variation of ITS with stimulus intensity
confirm the existence of fatigue and temporarj stimulation deafness.
Intensities below the critical stimulus intensity produce fatigue
effects which are independent of the stimnlus intensity. Imtensities
above the m'itic;al rs'bimu;l.us Antensities produce temporéry stimulation
deafness effects wl;ich'increase rapidly as the stinulus intensity is in-
creased. ‘
The criticel stimilds intemsity is related to the stimilus duration. . -
Figure 8 (page 72) and table 1V (page 75) revealed that it decreases as -
‘the stimulus dwration is increased. Unfortunately no stimulus durations
of less than a xﬁinute were used in these experiments. However, it seems
likely that becaunse of the existence of a eritical stimulus duration that
durations of less than a critical value will produce constant effects
lovér a wide range of stimulus intensities. Similarly we can hypothesise
that with stimunlus durations of less than the eritical duration, the
critical stimulus intensity will remain relatively constant. It
also seems likely that the converse of the eritical stimulus intensity -
stimulus duration relatidnship will apply, i.e. the critical stimulus
duration will vary with the degree to which the stimulus intensity
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used exceeds the erit:leal st:hnnlna intensity.- Unfottﬁnately 1nthe R
experiments on’ stimnlus dtn'a:t.ion only one- st:!nmlns intensity exceeded
the eritical intens:lty and conseqnently it is. not posﬂble to tost this
hypothes:la. 4 | ' |

The results obta:lned :I.n these emerments do not ag-ee vith those ‘
of Ward, Glorig and Sklar (19593) who found that the, incree.ses in TES aboye
the critical intensity inefeaaed linearly with sﬂmnlus dnration. A ;
compaa-:lson of figure 8 w&th. the results of Hood (1950) shiow tha.t h:le .
results are qualitatively s:lm:llar to thoae obta:lned in this study. . e
However, quantitatively Hoo& obtained mnch greater 1ncreases in TTS wif.h N
stimulus :l.ntensity than- the.. mmases ehmm :Ln ﬂan'e 8. Snbjectively >
it wonld sppear that ths results obtained in f.h:ls study fell in betueen
thqse of Ward et &l. and Hood. gz_e,—diﬁ’.erence S_ppear.s to be associated "f;‘
with the wey in which rrs 1amaeuredorproduced, that 1s with the
 degree to which fatigue or “bemporm-yst:lnmlation deafness predominatqé
in the results. Ward et .a"]',."'.lnsed extremaly 1hteﬁse stimnli for extremely
long durations. It saenié‘j;i_lgely- that snch cbﬁiﬁ'éhs- would produce tmonnts
of temporary eﬁ.mula.t:lonﬁé'aﬁesé -sufficient to obviate any fatigue
effegts. Hood, as in his experiments on. atinmlns duration, measured TTS
10 seconds after the cessatitn of the stimulus: tone. We. Ligve- alréady ¢ sgen
in the previous gsection that this allows faﬁ.gue to predom.nate in the
| measure of TTS. In this study the choice of a TfS measnre reﬂecting both
fatigue and tempcraﬂy atimnlation deamess seema to have pmdnced
results which have combined the two effects._ » _

To test this hypothesis the data was re-analysed in the sams way = -
that the 'datiz on stimnlus d'uratioh vas maéhélyéed'.:< Thua 'the 'tﬁr."eshdI& | .
in the first and third minute of the post-exposure period was caIcnlateé |
' for each sub;ect and. the la.tter anbi:r;acted from the' former. The pre--

......

of post exposure. Thus two measures of 1S wers obta.ined and the means
of thase two TTS effects were ealeulated separately Figures 27a and

27b show t.he two TTS measures plotted. as a. function of ‘stimilue 1nf-ena:l.ty.
Figme 27a initially shews the rapid increases h\ T’L‘S above the critical:
intensity which ,chm'aetar;l_.ged, Hood's .resu;t. Eowever s 8% mtensit:,ee -
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above those used by Hood, tﬁe graph changes from acceleration to
deceleration. Figure 27b shows the linear increases characterizing the
results of Ward et al.v

Figure 27a seems to indicate that fatigue increases rapidly at
intensitiss above the critical stimulus intensities and then as the
intensity is further increased the rete of increase declines repidly.
This interpretation is contrary to that of Hood's and other writers
who suggest that changes in the TTS - intensity relationship, at the
criticel intensity, reflect only a chénge from fatigue to tempqrarﬁ
stimplation deafness. It would appear from the data presented in
figures 27a to 27Tb that the eritical stimulus intensify not only
demarcates fatigue and tempurary‘at;mnlation'deafness; but it also
represents an intensity at whi¢h fatiéqe begins to increase rapidly. I£
we assume a newrel locus for fétigﬁe_then this phenbmenon can be
explained (see page 173). Whether-the critical intensity is the seme
for these two phenumena is undecided. However, it seems quite possible .
since further inspection of figures 27a and 27b reveals that the critiﬁal;ﬂ
intensity for increases in fatigﬁe-cha§ges in a similar mannér to the
critical intensity for the commencement-of temporary stirmlatien
deafness. There appears to be .an interirelationship between the two
phenomena. Consequently fatigue regches its maximal values at those
intensities at which temporary stimhlétion deafness first makes its
appearance.

This suggestion would appeér to be relevent when the hazardous
effects of noise are being disdussed with reference to the results of
TTS experiments. However, in experimentg such as some of Spieth and
Trittipoe (1958b), it is unimportant since they measured TTS five
minutes after the cessation oflthe~étimnlus tone (see page 16).
Fatigue effects will have dissipated by this time. In experiments such
as those of Herris (1953) and some of the othef experiments of Spieth
and Trittipoe (opfcit.), ITS was measured fairly quickly after the
cessation of the stimnlus duration. Under these conditions it would
seenm possible that TTS is affected not only by'temﬁorary stimulation

deafness buf also by fatigue. Figures 27a and 27b also suggests that
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changes in the txléighting of stimulus duration and stimulus inﬁensit'y in
setting demage risk criteria (see pages 14 toll'l) are dependent upon
the relative values of these factors. It can be seen from figure 27a
~ that although the critical intensity varies there is little change in
© the maximal emount of fatigwe. However figure 27b shows that the emount
of temporary stimulation deafness produnced varies as the critical stimulus.
intensity changes in association with the stimmlus duration.

The divergency between TIS at one minute, two minute and three
minute duration was referred to in discussing the results presented in
figure 8 (see pages 72 and 78). It can be seen in figure 27b that this
divergency is associated with temporery stimmlation dea.fneés and not
with fatigue. A4lthough it is not apparent in figure 8 (page 72), it
is apparent in figure. 27Tb that this divergéncy represents three straight
lines diverging from a common point, with ebscissa 74.8 db. It would
seem reasonable to state that this point represents the true critical
stimulus intensity at which all stimulus dwations produce no temporary
stimulation deafness. The difficulty with this hypothesis is that it
means that a negative amount of TTS is produced at the eritical intensity.
Ward, Glorig and Sklar (1959) have explained this by suggesting that the
measured threshold. does not represent the "true" minimum threshold of
the ear. The measured threshold is higher than the "true" threshold
becanse of the presence of internal mésking within the ear. They
postulate the existence of "sensory elements” which are constantlj
activated by these internal masking stimuli. They state that, "It is
i’éasonable to suppose that these will be the first elements to be
fatigued.” They do not justify this statement, but it seems reasonable
gince :

(i) These elements must be more sensitive to sound stimmlij;

otherwise all elements would be activated by the internal

masking noise.

(ii) If the elements are already firing, they will be

already fatigued to some degree and consequently more

sénsitive to subsequent stimuli.
The main critism of the theory lies in the implication that a special
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. group of eslls are ;I.nvolvéd It seems mo'm-é :li,kely that these eells
'are not. a special group but tﬁat ‘they are censtantly changing. The -
.consﬂsituﬁun of the gonp nﬂl depend on the overall state of e&l of

the hair cells at any partd.cnlar instant in time.
| | (434} Stimive fregmency, ’
R  The experinents on stimulus frequency egain confirn the existence of
.. two kinds of TIS offédts.’ All'of the graphs (ses: Pigures 9, 10 and 11 |
“ ﬁh'pages 79a, 79b m&f‘;‘%}gg)v pf -gtimulus _Mquency ageinst IS show
maximal TS at stimulus ﬁ-eqmc@es of me’@,izodafdnd* ﬂ@BO‘éps with

Stimilus durations of 1 minnﬁe § 2 minutes or 3 minntee and with stixmlns
h intensitiea of 70 db. and $0 db. The g'aph of atimnlna ﬁ-eqaeﬁey against
'-'T?s shows maximal TTS at 1060, 2000, 3000 and woo cps with a stimmlus

: o vduration of 2 and 3 minutes and a st:lmnlus intenait'y of 110 dh. The

| 1000, 2000 and 3000 maxima are sizilar to the results obtaimed by Hood

| (1950) and the 4000 maximum 1is similar to that obtained by Davis, Morgen .
Hawkins, Galambos and Smith, (1950) andby Ward, Glorig and Sklar (1959a). .

- The 1000, 2000 and 3000 cps mexima are probably produced by fatigue bﬁ.nee -
they are present at the lower intensities and 'dnrq.tions-. The 4000 cps
maximum appears to ‘_be asgociated with temporary: stimnlatﬂsqn’d,eafhe'ss,
ginee it is only 'présent at the higherintendt:les and durations.

The maxinma at 1000, 2000 and 3000 cps have been explained by Hood in

terms of equilibration and the vollsying of .the anditory merve (ses
. page’ 24). The close similarity betmen Hbod's results and the results

2 of Dérbyahire and Davis (1935) on equilibration confirm the validity of

a this hypothesis (see Hood, ‘op.cit.). However, the results shom in .
figures 9, 10 and 11 extend the observations’ of Hood, The results st -

" 70 and '90. db. stimilus intensites and at 1, 2 or 3 mimtes stimulos
SRR duoration and at & 110 db. stimlus intensity snd at & stimlus duration
e of 1 minuté are quﬂlitatively q:lmilar %o those obtained by Hood. &t

a stimlus intensity qf 10 db. end st & stimulus duration of 2 or 3

‘minntes there is one mportant: difference.: ;Whe_rea.s.Hood's results and |
| the former results show mcreasing mounts of TTS with the three critical b
g = atmua 'ﬁeqa_.eneie.s ’ .the""lli','a:tpe‘gr results do: not". There may be some

increases but these are very slight. ‘i_'hes,'e_,iplahatipn of this discre‘péncy
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seems to be that these stinmli exceed jzg_,l_) the ct‘it:tca.l stimulus
intensity end dnration. The- reeults of the emerimemts on stimlus :
intensity showed that above the critical timplus meensiey the a;aoune.
of fatigue increases rapidly wntil & meximum is i'e'eehed (see figure 27a," 7
page 14§) . coziséq:iéﬁuy'it- would. éppear: ‘that '\}i'heqifconsté.nt or.slightly .
increasing dmount of TTS at the three frequeneies is. associated with the -
production of ma&d.mal fat.igue. Henee, when the stimulns exceeds both
the critieal stimnlus intensity and the critice.l stinulus duration, the.-

maxinum amount of pee‘sible fatigue is being produced at all of the .
equilibration frequencies. = = | o | : o
The most probable explenation for this'is that ﬁ.bres, instesd |
of firing in responss to the pos-t-expoeure test sound early in the
relative refractory peried - are ‘now firing twarde the termination of ‘.
this period. ‘The nerve fitres ca.nnot under thsee conditions, fire any
earlier bocause this would mean firing in tke sbsolute refractery
period. Comsequently. the recovery times aveilable £or nerve fibres
firing in rotations of three, two or ome becoﬁe equa’lized. The gradusal

reductions in the difference between the 100@, 2000 and 3000 cps maxina
as the sever:r.ty of the stimulus conditions is increased reflect intermed-
| iate positions between the ektremes of me rela,tive ref‘rectory- pe::iod-. 0
Thus the more. intense the stimulus, the more proibnged is the rele.tive
- refractory perio& in the post—expoeure period.
The maximum at a stimulus freguency ef .4000 CP8 confirms the -

results of Davis et"a.l. (op. cite.) and Ward et al. (op. cit_.) | Hoeever,
it can bo seen frm the restlts ‘that this maximm oceurs only with
stimuli which e*:cead the criticel :.ntensity and duratien. an -'importﬁt' e
finding is ‘that even when t.he 4000 eps is present the ‘maxima at’ 1000
2000 and 3000‘ cps still persist. Hovever, this would appear to reeult

- from the inelusion ef fatigne in the 78 measure. We have elready seen .
‘that fatigne effects predomin.a,te in the first minute of the post-exposnre
period. To fbeet this suggeetien the poe_t—es@osm threehoids aere cnece -

" again calenlated in the Pirst and third minute of the test period (see
page -']563) vand'meeem'es of fatigue and teoporary stimulation deafness
'calcuia,i;e:d. The rosults of this analys;s.s are swmarized in figures 28"
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and 29. It can be secen from figure 28 that the 4000 c¢ps maximum is not
so pronounced when the :gg;ggg measure is plotted against stimulus freqpean.
Figure 29 reveals that the 1000, 2000 and 3000 cps maxima completely
disappear when the threshold is recorded only for the third minute of
the test period. These results confirm that the 1000; 2000 énd 3000 cps ’
naxima are asspciated with fatigue and the 4000 cﬁs maximug is-associated -
with temporary stinmulation deafness. |

The 4000 cps maxima probably partially résults from the reasonant
characteristics of the outer ear. [iener and Ross (1946) have shown that
tke closed tube which is formed by the external auditory cenal has a
natural frequency of vibration of 2000 - 40C0 cps and this is meximum
at 3000 to 4000 cps. . Thus sounds of these frequencies will tend to be
emplified in their trensmission to the tympanic membrane. 4s the intensity
of the sound is increased the magnitude of these rescnance effects will
become more and more important. However, this is probably only a minor
factor. Hilding (1953) and Kawata (1960) have explained the 4000 cps
(cs) dip in industrial deafness in terms of the anatomical and
circulatory structure of the ear respectively. Although the arguments
presented by'thsse workers refer to the test tone variations they are
applicable to the stinulus tone effects, They will be discuésed later
(see page 175). '

(b)) Test Tone Relstionships.

The dual nature of TTS again reveals itself in the results of
the experiments studying the variation of TTS with the frequency of the
test tone. The increases in TTS are greater with the more severe stimhiusﬂ
conditions (see figure 13, page 82). The effect is particularly
noticeable with a stinnlus intensity of 110 db. The range of test
frequencies affected also sup-divides itself into two parts (see table
V111, page 84). With frequencies of less than 3000 cps the range of
frequencies (in octaves) affected is relatively constant as the test
frequency is inecreased and it never exceeds two octaves. e have already
noted that the frequencies of 1000, 2000 and 3000 cps are closely
assoclated with fatigqevand equilibration. Above 30C0 eps, the range

of frequencies (in octaves) affected decreases as the test frequency is
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(e) Stimulus Frequency = 6,000¢ps. / \

(c) Stimulus Frequency = 3000cps
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Figure 30: Graph of fatigue as a function of test tone
frequency. Parameters are stimulus duration and intensity.

¥ean results for six subjects.
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increased. These frequencies, as we have again noted, are closely
associatéd with temporary stimulation deafness.

The results confirm the observation of Davis, Morgan,.HaMkins,
Galambos and Smith (1950) that maximal TTS is produced at a test
frequency half an octave above the stimulus frequency. However, the
results do not confirm the suggestion of Hood (1950) and Hirsh and
Bilger (1955) that with low intensity stimuli, TTS is maximal at a test
frequency equal to the stimnlus frequency. In the results of these
experiments the half octave phenomenon is general, except at a stimulﬁs
frequency of 2000 cps at an intensity of 70 db. and a stimulus duration
of 3 minutes and at a stimulué frequency of 6000 cps at an intensity
of 70 db. and a stimulus duration of 3 minutes. In the former case
TTS was maximal at a test freguency an octave above ﬁhe stimulus
frequency and in the latter case, TTS was maximal at the stimﬁlus
frequency. The fact that these exceptions occur at the extreme ends
of the test frequency distribution seems to indicate that the half
octave phenomenon is éssociated with temporary stimulation deafmness.

It may be that the failure to observe a symmetrical effect results from
the influence of témporary stimulation deafness on TTS measures. This
influencé is associated with the use of a three minute post-exposure period
Hood and Hirsh ard Bilger measured their TTS shortly after the cessation

of the stimulus tone.

The above assumption wés tested by again calculating the mean
threshold in the first ard third minute of the post-exposure period.
The threshold for the first minute was corrected by subtracting from
this threshold fhe threshold for the third minute. The pre-exposure
thresholds were subtracted from the corrected threshold for the first
minute and the threshold for the third minute. This provided
measures of fatigue and temporary stimulation deafness respectively.
Figures 30a to 30e and figures 3la to 3le show the distribution of
these two measures with the test tone frequency. It can be seen from
figure 30 that fatigue distributes itself symmetrically about a test
frequency equal to the stimulus frequency. It can be seen.frum figure

31 that temporary stimulstion deafness is maximal at a test frequency
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one octave above t.he eﬁmuius ﬁ-equency, vith et.imlue frequenciee '_
of legs.than 4000 cpe. There are’ ﬁve .excegtions to thése gemeral .
statemnts and t.hese e as follows £ 3 ” |

(1) Flith a etimulue ﬁ‘equency of 2000 cps. a‘b a et:lmulue
1ntensity of 110 db. and a etd.mnlus duration of 3 niinutee,
maximal m oceure at a test ﬁ'eqnencya half an-
e 'octave above the et:l.mnlue frequency.

(u) With a eﬁ.nmlua Ireqnenw of 4000 ‘éps at a stimulus
mtensity of ;10 db. and with a stimulus duration of 3
minutes, maximal fatigug occurs at a test frequency a
half octave above. the etimuiu’e' grequency

) (111) With a stimulus i‘.requency of 1000 cps at a stimulus

: intensity of 70 .db. and w!.th a etimnlue duration of 1. -
a test frequency ‘eqdel" to theetimulue ‘frequency.

(iv) With a stimulus mq_ue,ney'cf 1000 cps. at &

stimulus intensity of 70 db. and with [ etimalus dure.tion o
of 8 minutes, LSEROREEY J ton: ,', afpogs vas mexinal

at a test frequency equal to the et:lmu]‘.ue frequencw.

It :le interesting to note that two of the temporary et:lmnlation deafness
exceptions oceur at 1000 eps. Hith efd.m:lue frequendee of 4000 cps.
and 6000 cps., temparary etimula.tion deafnese 48 ma::tmel at a test :
frequency a& half an oetave above the. stimulus frequency or at e teef.
ﬁeqnency or equal to the etimulue frequency_

Fho conclusion from these ﬁx_mng_sie that the half octave _
phenomenon-fsf-undea- certain conditions an artifest 5f e combination |
of fatigne and" tempo:tary st:l.nulation deafnese etfects. The fomer
produees its effect at a teet ﬁ:eqnency eqnal to the etimulue frequency. :
The latter producee its effect at a teet frequency one octave above the
However ’ witlr etimnlua frequencies above 4009 CPS, 'bemporery etinmla.tion
deafnéss tppeare o prodﬁee 1ts maximal effect at-a test fiequency a
half octave above the etimnlne ﬁ'equency
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CHAPTER XJ11
Recovery from TIS.
{a) Latent Timo.

The experiments on latent time showed that :

(1) 4t 1000 and 2000 cps, latent time increases with

stimulus intensity up to 60 db., decreases with stimulus

intensity from 60 to 80 db. and increases with

stimulus intensity from 80 to 90 db.

(11) At 4006 and 8000 cps, there is a gradual negatively

accelerating increase in latent time with stimulus intensity.

(i11) Latent time is maximal at 4000 and is minimal at

1000 cps.

(iv) Increases in latent time at 4000 and at 8000 cps,

 parallel each other.
These results seem to sub-divide into those concerned with 1000 and 2000
cps and those concerned with 4000 and 8000 cps. It may be simply a
phenomenon associated with the acoustic reflex (see Wever and Lawrence,
1954). However, this sub-division would seem more likely to be associated
with the existence of two TTS effects.

The results offer indirect evidence for the existence of diphasic
recovery with stimulus frequencies of 1000 and 2000 cps, since recovery
from TTS at these frequencies is slower at stimulus intensities of less
than 60 db. than at stimulus intensities of 70, 80 and 90 db. This
phenomenon associates itself with the absence of diphasic recovery with
stimulus intensities less thamn 60 db. It confirms the results of Lierle
and Reger (1954) who found under certein conditions that recovery is
faster &t an 80 db. stimulus intensity than at a 20 db. stimulus intensity.
The recovery time for 4000 and 8000 cps always increases as the stimulus
intensity is increased and it does not show the characteristic inflexion
of the 1000 and 2000 cps curves at 60 db. This finding agrees with the
results of Hirsh and Ward (1952) and Hirsh and Bilger (1956) who found
that stimuli above 4000 cps did not produce diphasic recovery.

Since recovery time exhibits two seperate phases with 1000 and 2000
cps stimuli, it seems loglical to assume that at some point in the recovery
curves both fatigue and TTS are present. We know from the results on

diphasic recovery that only one effect is present below a 60 db. stimulus
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intensity, since the recovery curve is nonophasic. Hence, we can
conclude '_that fatigue, the phenomenon associated with less intznse
exposures, is the pré'dominﬁting factor at stirmulus .intensities of less
than 60 db. It is unlikely that temporary stimulation deafness alone
predoninates at the 70, 80 and 90 db. intensities for two reasons.
These are :

(i) Temporary stimulation deafness is more closely

associated with intensities above the critical stimulus

intensity of approximately 85 to 95 db.

(11) Recovery from temporary stimulation deafness seems

_ to take longe;: than recovery froem fatigue.
Hence we can conclude that the reduced latent times at 70, 80 and 90 db.
result from a cc‘mbina,tibn of fatigue and temporary stinulation deafness.
The increase in ]‘.a‘benf time at 90 db. confirms fhis hypothesis since it
is at this intengity that temporary stimnlation deafness becomes noticeable.

The importance of this indirect evidence for the existence of
diphasic recovery is that without using the Béke/sy technique, it
suggests that recovery is diphasic. MNr. D.Z. Broedbent © (private
comrmnication) has suggested that diphasic recovery night be an artifact
of the Be’ke/sy technique of threshold measurement. However, the results
of Hirsh and Ward (op. cit.) in .which they used clicks to measure the
threshold, the résults of Lierle and Reger (op.cit.) and the results
of the abdve experiments conclusively indicate that this is not the case.
Diphasic recovery or associated phenomena exist whether or not we use
the Béke/sy toechnique to measure the post-exposure threshold.

The naxirs® latent times occur at 4000 cps and the mmr.ar latent
times occur a.t-1000 cps. This is in accordance with the dual fatigue
hypothesis. UWe have already seen (see pages 150 to154) that a
stimulus frequency of 4000 cps produces maximel temporary stimulation
deafness. Thﬁs we wonld expect maximal temporary stinulation deafness
to be producéd with the 4000 cps stimulus. Since recovery from
temporary stimnl?,tion deafness is slower than from fatigue, the 40CO

cps nmaximun would apl;ear to reflect the predominance of this factor at
" this frequency.

1 Applied Psychology Unit, Cambridge.
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This finding is ‘confirmed to a certain extent by results of
earlier studiess If the recovery tives of Davis, Morgan, Haukins,
Galanbos and Smith (1950), using high intensity stimuii, are compared
with those of Hood (1950), using moderate intensity stimumli, it can
be seen that the former are longer. Laurence and Yantis (1957) have
shown that recovery time is maximal at a 2000' “cps rather than at 1500
cps test stimuli, after exposure to a 1000 cps tone, even though TTS
is greater at the 1500 cps frequency. This indicates that the lomger
recovery times are associated with temporary stimulation deafness
which we have already seen (see page 158 ) is maximal at a frequency
an octave above the stimulus frequency.

The parallel increases at 4000 and 8600 cps are not similar to
those occuring with stimulus duration (see fimure 6, page 68). The
latter were associated with fatigue, whereas the former are seen to be
associated with temporary stimulation deafmess. This ,effect‘predominat_es ‘
at 4000 cps and in view of the parallelism we must assume that it |
manifests itself at 8000 cps. The results of Ward, Glorig and Sklar
(195®) are indicative of a similar parallelism. These workers
suggest that it is the initial TTS that is the irportant factor in
recovery. This is probably true, but they also tend to force curves
obtained with different octave bands stimmli to meet at a common point.
They have done this with their data and tended to destroy an inherent
parallelisn vwhich would appear, in the anthor's opinion, to fit data
just as well. |

The recovery time at 4000 and 8000 cps seemes to reach a constant
value as the highor stimulus intensities are reached (see figure 17 ).
This result is in accordance with the results of Glorig et.al. (op.cit.)
who fbund that réco‘vefy time was constant and indepeindent of initial
ITS or stimlus intensity. However, the results given in figure
extend this finding. It is only trﬁe at the higher stirmlus intensities.
Since Glorig et al. only used intensities above 85 db. they did not
obtain 1':.he increases in latent time with stimulus intensity which

characterize the early part of the 4000 and 8000 line shown in figure 17,
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tone exmeriments,

The results obtained in this section must be viewed with some
reserve, because of the results obtained in the control experiment in
whiéh recovery was measured using a nodified method of linits technique.
Uhen this data vas compared with the data obtained using the Béke’sy
technique, it was found that the proportions of results showing diphasic
recovery, senéitization and bounce higher than initial TTS was
significantly different with the two methods (see pages 130 to 133).

It is unlikely tha'lb this difference is produced by mis-classification
on the part of the observer, since one would expeet such errors to cancel
each other out.

However, to check this 15 recovery curves were drawn at random
from the 54 curves obtained om recovery using the modified method of
limits. Three vn:)lun‘t'naer.sz1 were asked to assess whether these showed
diphesic recovery, sensitization and bounce higher than the initial
TTS after these phenomena had been exvlained to then. | The results of
their analysis are shovm in table XXXl a, b and c, along with the
author'é analysis of the seme curves. Since the observers can be
treated as independent samples, the results showmn in each table vere
treated as a contingency table and subjected to a chi-sguared analysis
‘(see,Siegel 1956, pages 104 to 111). In part a and part b of the table-
there are more than 20 per cent of the expected frequency having a cell
value of less than 5. Hence it was necessary to combine the monophasic
and doubtful and the non-sensitization and doubtful categories in order to
overcome this (see Siegel, op.cit., pase 110.) Houever, in part c of
the table even when the 'no' and 'doubtful' rows were conmbined more than
20 per cent of thé .expected frequencies vere less than 5. Hence a
chi-square analysis could not be applied to this part of the table. The..
results of the analysis are given in esach part of the table. Since

a chi-square of 5.684 or 4.000 is not significant with 3 degrees of

1 Undergraduate menbers of the Departrent of Psychology, University

of Centerbury, Christchurch.
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Table YOX1.
Summarizes the judgements of the author and three other observers
on 15 curves of recovery from TTS. Note that the monophasic and
doubtful and non-sensitization and doubtful columns have been combined

in the chi-sguare analysis (see text).

(a) Diphasic Regovery.

Obgerver,
duthor A B H Total
Diphasic 7 6 7 7 27
Monophasic 6 6 5 7 24
Doubtful 2 3 3 1 9
Total 15 15 15 15 60

Chi-square = 5.684 (with 3 degrees of freedom)

(b) Sensitization.
Obsgerver.
Author a B c Total
Sensitization 4 S 6 S 20
No Sensitization 8 7 7 8 30
Doubtful 3 3 2 2 10
Total 15 15 15 15 60

Chi-square = 4.000 (with 3 degrees of freedom)

(e) Bounce higher than initigl TTS.

Obgerver.
Author A B C Totel
Yes 5 4 ) 6 20
No 2 1l 0 1 4
Doubtful 0 1 2 0 3
Total 7 6 7 7 27

Expected frequencies too small to

calculate chi-sgsquare.
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of freedorp, we can conclude that: the judges did not differ significcaﬂy
in the way they classified the curves as showing diphasic recovery
or sensitization. This result is not suprising cince the phenomena
to be judged are objective and do not rely on intangibles. Hence
we must conclude that the differences in recovery obtained using the
Békesy and the method of limits technique are the result of
differences in the method. Hence the results of the analysis of recovery
during the stimulus tone and the test tone experimental trials can [
only be regarded as suggestive, since they are dependent to a certain ll'\
ex‘beﬁt on using the Béke’sy technique of measurement. The analysis
of the totel results obtained was shown (sez table X111, page 98 and
table i].V, page 99) to differ significantly from chance; but how
mach of this difference is an artifact resulting from the uwse of
the Bekesy method it is impossible to say.

Part 1 and 2 of table X111 (page 98) revealed that as the
stinulus intensity and duration are increased the proportion of
results showing diphasic recovery is maximal at a stimnmlus intemsity
of 90 db. and a stimulus duration of 2 mimutes (see page 102). This
intensity and duration are approximately the critical stimulus intensity
and duration. Henee, we must conclude that the presence or absence of "
diphasic recovery is closely 'gssociated with the simulteneous preserce
of fatigue and temporary stimmlation deafness. A4t 70 db. and 110 db.
vhere fatigue and temporary stirulation deafness predoninate respectiveiy,
then the presence of diphasic recovery is reduced to a minimum.
This result indirectly confirms Jerger's (1956) result that the

zmount of bounce is maximum at approximately 95db. It is not a
direct confirmation since the results of the author simply refer to |
the number of subjects showing an observable bounce effect. This
difference in technique may explain why the author obttained maxinum
proportion of bounce at a stinmulus duration of two minutes; whereas
Hughes (1954) obtained mexdmum gmount of bounc;e. at a stirmlus duration
of three minutes. However, Hughes' result is mot in accordance with
the general pattern of bounce occuring at the tramsition points between

fatigue and temporary stimulation deafness.
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Similarly parts 1 and 2 of table X111 (see page 102) revealed that
the presence of sensitization decreased as the stimulus intensity and
duration wvere increased. This indicates that sensitization ’is i.ndepéndént
of diphasic recovery and confirms the results of Hughes and Rossnblith
(1957). If sensitization and diphasic recovery were closely associated,
then we would expect that there would be a 90 db. maximum or minimun to
correspond to the 90 db. meximun in diphasic recovery. The decrease in
sensitizetion as the severity of the stimulus conditions &e increased
reveals that it is a f.atigueiv em_d not a temporary stimuleation deafness
phenomenon. The more the latter. predomigates the less obssrveble is
sonsitization. _ _ - |

Finally parts 1 and 2 of table X111 (see page 102) revealed that as
the stirulus intensity and duration are increassed, then the proportion
of individual results showing a bounce higher than initial TTS increase.
This seems to be incompateble with the first observation that diphasie
recovery is associated with the trensition from fatigue to temporary
stinulation deafness. However, the discrepancy is eagily explained if
we accept Hirsh and Bilger's (1955) assumption that the second phase of
recovery is associated with long term TTS effects, i.e. with temporary
stimulation deafness. The results of the experiments on stinulus tone
variables (see pages 142to 154) have shoun that the increases in
temporery stimulation deafness with stimulus duration and intensity
increase much more rapidly than the increases in fatigue with the same
variables. Thus as the stinulus duration and intensity increase, then
tke emount of TTS in the latter phase of recovery increasss very repidly
compared to tﬁe amount of ITS in the first phase of recovery. Hence the
probability of bounce exceeding the initial TTS increasss.

The fact that bounce can exceed the initial TTS indicates that
either there is some interaction between fatigue and temporary |
stimulation deafness vhich réduces the initial TTS or tkat the latter
does not reach its maxinal value until some time after the cessation of
the stimulus tone. The former hypothesis does not seem likely, since
an additive ratker then a negative interaction seems most reasonable.

The second hypothesis is implicit in the dual recovery mechanism
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postulated by Hirsh and Bilger (1955). It will be discussed later
(see page 1€1). If correct, then it definitely indicates that
tenporary stimulation deafness is‘ ﬁot a noural "edeptation" effect sizic}e’
the latter would be maximal irmediately efter the cessation of the
stimulus tone. ‘ |

Parts 3 and 4 of table X111 revealed that as the stimilus and test
frequencies were increased the proportion of individual results shoving t
diphasic recovery is maxiral at 1000, 2000 and 3000 cps and is mininal
at 4000 cps (ses page 102). PFurther inspection of the table also
reveals that there are less cases at 1000 cps than at 2000 cps and
at 2000 cps than at 3000 cps. It would appear that these maxima
disprove the hypothesis that diphasic recovery is maximal at the
transition between fatigue and tez;q)orary stimilation deafness,since as
we have already seen, fatigue is maximal at these frequencles. However,
i'l; must be remenbered that the amount of temporary stimulation deafmess
is distributed asymmetrieally about a stimulus freguency of 4CCC cps
vhereas fatigue at frequencies intermediate between 1000 and 2000 and
2000 and 3000 cps is very slight. Hence it would appear that at these
intermediate frequencies, we tend to obtain a monophasic recovery
curve representative of recovery from temporary stirulation deafness.
The increased proportions at 1000, 2000 and 3000 cps confirm the
transition hypothesis since the closer the frequency approaches to the
temporary stimulation deafness maximum, the greater the number of
results showving diphasic recovery. The 4000 cps minimum offers further
evidence for this hypothesis, since at this frequency we have alrezdy
noted that temporary stimu}atioqdeafness is the predominating effect.

Sensitization is seen in parts 3 and 4 of table X111 to show peak
minima at 2000 and 3000 cps and possibly 10CO cps and to be nininal
at 4000 cps (see page 102). The 1000, 20C0 and 3600 cps minima would
indicate that sensitization is a neural effect in some way associated
with equilibration and the volleying of the auditory nerve., However,
the 4000 cps minimum does not support this hypothesis. This
discrepancy is probably an artifact produced by temporary stimulation

deafness. The relatively high ITS produced at this freguency may
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obviate any sensitization. This a;:;gument cannot be applied to the
1000,.2000 and 3000 cps minimﬁﬂginee'tﬁe high values of TTS at these
frequencies are produced by fétigue, which predaminates iﬁ the period
- before sensitization is observeg.

Observation of parts 3 and 4 of table X111 also shows that the
proportion of individual resulté showing bounce higher then initiél'TTS
is mipimal at 1000, 2000 and 3000 cps end meximal at 4000 cps. The
4000 cps maximun confirms thevreaﬁlts»of Hirsh ard Ward (1952) who found
that bounce is maximal at a teéﬁ fréqﬁency of 4000 cps. Hirsh and Uard .
(1952) also found that bqunce vas maxinal over the renge 1000 to 5000 cps,
but since they did not concentrate on the equilibration frequencies this
finding does not invalidate the 1C00, ‘2000 end 3000 cps minina.
, Thege results asre explained .by reference to the relative values of
- fatigue and temporery stimulation deafﬁess. High values of fatigue are
obtained at 1C00, 2000 and 3000 cps. These tend to raise the value of TTS
during the initial stage of recovéry and reduce the probability of
recovery in the second stage exceeding initial TTS. Similarly at 40CCO
cps, temporary stimulation deafness predominates. However, since this
predominates in the second stage of recovery, it increeses the

probability of bounce exceeding the initial TTS.
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CoAPTIR X1V
' Individual Vgiaﬁons.

In all of the three experiments on the stimulus tonme variables, the
najority of the individual viu-ia,tions in the results (see figures 7a to
7f, 8a to 8f and 12; pages 7L, 77a end '80‘3. regpectively) confirm the
dual nature of T7 . In the experiments on the stimulus duration, subject.
'C' showed & complete aebsence of a critical duration. This presumably
means that ke is highly resistant to temporery stimulation deafness.
Since separate mechaﬁisms are postulated for this and fatigue, it seems
likely that subjects will vary in susceptibility to the two effects. It
is interesting to note that inspection of table 11 (see page 71), for the
110 db. slopes of the TIS-stirmlus duration grarchs, roveals that subject
'C' is the subjeet post susceptible to fatisme. However, this may be e
chance result:. All of the other subjects show a dual susceptibility to
both fatigue and temporary stimulation deafness. However, tke individual
variations in the slopes of the lines relating TTS and stinmlus duration
and in the value of the critical duration, all indicate iﬁdividual
variations in susceptibility‘ to fatigue end temporery stinulation deafness.

The results for subject 'C' in the stimulus intensity experiments
confirm this subjects resistance to temporary stirulation deafness effects.
Fatigue appears a,s the . predominating factor at all stinulus :i.n't:,ex:«s:ll',;—!f33
This subject confirms the results of Spieth and Trittipoe (1958b) who
found that some subjects did not have a eritical stimmlus intensity.

If we consider the results for the other subjects, the individual
variations in critical intensity are indicative of their varying
susceptibility to the two TTS effects. Cooparison of figures Ta to 7f
and 8a to 8f reveels that those subjects with high critical stimulus
durations also tend to have high critical stinulus intensities.
Similarly low critical stimulus dwrations tend to be associated with low
critical intensities. This suggests that it is susceptibility to
temporary stimulation deafness that decides the critical stimulus

duration and intensity, rather than-these latter factors determining
susceptibility to the former.
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In the experircents on stiﬁmlus—-frequency, two subjects have meaxinag
at 1000, 2000, 3000 and 4000 cps with a stimulus duration of 2 minutes
at a stimulus intensity of 110 db. These subjects were obviously more:
susceptible to temporary stimmlation deefness than the other subjects.
Two other subjects gave maxima at 6000 cps rather than at 4000 cps. This “
variation would seem to be associated with anatomical variation in the stru-
c_ture' of individual ears. HNatural ﬂfi'é‘-qaency of reasonance of the canal, -
cochlear place relationship$ and blood circulation must all be subject
to individual variations. Presunably these differences are large enough
to produce veriations the 4000 c¢ps maximum. This finding is donfirmed
by the work of Kemeddy and Carrell (1959) end Rodda, Smith and Wilsen
(1963). These workers have shown that the 4000 cps dip in occupational
deafness is partially a statistical phenomen. lMany occupational
deafness cases show dips at 6000 and at 3000 cps. Since the 1000, 2CCC
and 3000 cps maxima are neural effects them they are probably less
subject to variationm.

One subject in the test tone experiments tended to show maximsl TTS
at a test frequency equal to the stimulus frequency. This subject may
have been resistent to temporary stimulation deafness, since we have
noted that this produces its maximal effect at a test frequency an octave
above the stimulus frequency. However, this conclusion is only tentative
gince the results were only partially ccnsistent and the more extreme
exposures produced ITS at a test frequency a half octave above the
stimulus frequency.

In the experiments on latent time , subject 'Dl' showed abnormal
increases 1n recovery time at 8000 eps., a frequency just below his
upper frequency 1imit of hearing. This 1s most probably associated with
the interfering effects of tinnitus, which was experienced by the
subject after exposure at this frequency. However, the result indicates
the need for further investigation of these frequencies.

The individual results on recovery during the stimulus and test tone
experiments indicate that subjects differ widely in their susceptibility

to diphasic recovery, sensitization and bounce higher than initial TTS

(see table XV1l, page 104). It would appear that these variations are
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associated with susceptibility to fatigue and temporery stimulation
deafness. Thus thoss subjects vith the highest proportion of

results showing diphasic‘recovery tend to be those subjects with

the highest proportion of results showing bounce higher than initial TTS.
In the extreme case, those subjects with’#ery slight susceptibility (
to temporary stimulation deafness would probably show no diphasic recover§
and thus no bounc;Dhigher then initial TTS. Ue can conclule thgt
susceptibility to diphasic recovory erd bounce higher then initial TTS

is associated with susceptibility to temporary stimumlation deafness.

The negative agsociation betiween diphesic recovery and sensitization is
not indicative of a cormon mechanlsm for the two. Since diphasic
recovery seems to 59 associated with susceptibility to termporary
stimilation deafheés”high values of the latter will tend to obscure

sensitization.
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The consistent duality of the TTS results means that, to a certain:
extent, fatigue and temporary stimulation deafness must be treated as ”

seperate mechanisms. They may have a common locelization in the aunditory

' system and they combine in many cases to produce a joint T78, but they st~

ill represent two distinct phenomena. It would seem likely that the
short term fatigue is a neural ar;ld./or organ of Corti effect and that
the longer lasting temporery stimulation deafness is more closely
asgociated with the anatomical structure of the ear. Temporary
stimulation deafness lasts too long to be completely neural in nature.
It is proposed to discuss each of these phenomena in turn end then
to dlscuss the interaction between the two. .

(a) Faticug.

The main characteristi¢s of fatigue are as fpllows :

(i) It increases linearly with the logarithm |

of the stinulus duration. '

(i1) It is maximal at 1000, 2000 and 3000 cps. |

(iii) It shous no significant increase with stimmlus

intensities below approximately 95 db.

(iv) Above a stimulus intensity of 95 db., it increases

rapidly to a maximum

(v) It is naxinmal at a test frequency equal to the stimulus

frequency.

(vi) Recovery is almost complete within approximately

one ninute of the cessation of the stimulus tonme.

The linear increass in fatigue with the logarithm of the
stimulus duratj.on appears to be purely a function of the temporal.
course of the changes involved. The log-linear relation occurs ip a.
great nany sensory phencmena. For exzample Bronk (1929) has shown»thaﬁ-"
fatigue of single stretch receptors of the voluntary nuscles shows a
linear inecrease with the logarithmm of the stinulus dm_‘atiﬁn. There

does not seem to be any adequate explanation of the effect but it is
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presumably associated with the logarittmic scale of aound mtensity.
| memmmaatiooo,zooomsooo@aaremnyexplnpedm' 7
terms of eqnilihration. Follwing a volley argument, these frequendesv
are the frequencies at wmch ‘the fitrés fall into elternation. . |

ilternstively 1€ may- be that om & place theary the offoct 15 assoclated .

with variations in the numbar of fitres serving different areas of
the basilar membrane. : The ‘mumber of fibree per unit length secms
to be reiatively constant (see- 0sgood, 1953, page 91). However , the map

: of Steven, D&vls and Lurie (1935) of - pitch" 1ocal:lzation and Culler'

(1935) map of frequeney localizat:l.on reveal that there is'a prog'essive ’
'crowﬂing of the frequeneies towarda the helicotrema Approx:imately |
62 cps.-- to 500 cpe-. are se:rved-by the first tnrn of the ‘cochlea,
1000 -eps to 1600 eps. are sarved by the second turn of the cochlea.
and ‘so on. . Thus there is a prog-essive rednetlon in the width of :
different bands of frequencles eerved by different areas.  Corlgequently
it seems reasonable to smpoae that as the sﬁ.mulus, -frquency- is ine- |
reased, there w_illvb'e'-ar.ea.s of manlﬁellfeffecﬁ vhich will be dependenﬁ
on the width of the "eritical bard” assoclated with different froquencien.
However, it aeems that Hood's is the simpler and more 1og:lcal explane‘hion, "
since the above explmation could just as easily fit a progreesive -
increase in f,etigue with stimulus frequency.

The failure of fatigue to vary with the stimulus mte'néit,y"mey

be related to the spresd.of impulses to neibouring fitres. 'This
hypothesis would fit both-a pla.ce and a. volley t.heory, since both ca.n

' express 1ntensity as a fnnetion of the nuiber 6f ﬁbree firi.ng At

low levels of mteneit_y of— etimnlation wo can assume that. there 1s a
large redundancy of fibre& for a.ny g:lven stimulus » 8ince alteimat:lve
fibres must be available to <carry the higher eound 1ntensities.: Thns

" vhen & Tow level stimulus is appl:led 1t W1l ouly fatigue those filres . ]

that are used to varry 11‘.. Ae the - stoimulns intensity :ls increased
other alternative ﬁ.bres w:lll be fatd.gued A thréshold gtimulus
w:lll act:lva.te even. less fibrea ‘but the fitres activated _gﬂ,; be

MMMHMMM Thesewul have
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reached a constent anomnt of fatigue and consequentiy the observed
anount of fatigue ﬂillvalso remain constant.

The above hypothesis will only hold.as long as any alternative
fivres are available to accomodate any increases in stimulus intensity.
Once all possible fibres are firing an increase in the stimulus
intensity can have only one effect, that is an increase in the gmount
'of fatigue of those filres activated by it. Consequently there is an
increase in the observed amount of fatigue. This can be explained by
assuming an increasing rate of firing of the filres. This argunent would
£it in with a place but not with a volley theory of hearing. Once
both the number of filres activated and their rate of firing reaches
the maximal level then fatigue cannot increase. Hence, we obtain
increases in fniigue-abave e stirmnlus intensity of 95 db. and fatigue
eventually reaches a maximal level.

The place theories of hearing assume that vhatever its intensity,

a given stimulus will always produce masimum displacement of the-basiler.
membrane at the seme place. Henee, on a place fheory the phenomenon

of maximal fatigue at a test frequency equal to the stimulus frequercy E
is easily explained. Fatigue will be maximal at the central area of '
displacement. Hence, it will be maximal at a test frequency vhich
displaces this erea, that is at a test frequency equal to the stimulus
frequeney. Similarly, if we assune that the fibres have a specific
order of firing, the phenomenon is easily expleined on:a .wollpy
principle. Those fibres activated bf the stimulus will be fetigued
and the same filwres will bs most susceptible to activation by a test -
tone of an equal frequency to the stirmulus tone. However, it is
possible that othker non-fatigved fibres will ﬁe activated by the test
tone. In this case the ergurent would not hold.

It pust be remembered that the amount and duration of fatigpe a8
observed at a psycho-physical level is only indicative of the amouﬁt
and duration of fatigue at a cochlear level. Thus although psycho-
physical fatigue does not last for much more thﬁn a minute, it is
quite probable that there remains residual cochlear fatigue which

is not observable by conventionel psycho-physical techniques. However,




174,
the fact that .recwery is relatively quick indicates that it is
localized in a neural mechanism. The localization can only be
hypothesised but in view of earlier work, it may be in the hair cells . -
of the organ of Corti. It is probably bic-chemical in nature and it
" is poseibly associated withv the production of the cochlesar microphonic by
a "pigzo-electric" type effect (see Wever, 1949, pages 147 to 154 ).
Meyer (1954) has suggested that it may be associated with truising of the
phragna but this will be discussed later (sse page 178).
(b) Zemporary Stimlation Deafpess,

The maln characteristics of temporary, st:lmuia.tion deafness are
as follows :

(1) It increases linearly with the logarithmn of the

stimulus duration.

(14) It is maximal at a stimulus frequency of 4000 cps.

(ﬁi) The lines associated with different dwration parameters

provide & family of curves in which temporai‘y stimulation

deafness incieasee linearly with stimnlus duration. These lines

stem from a common point with co-ordinates 72.8dbi4.8 db. for

stimulus intensity and temporary stimulation deafness respectively.

(1v) It is maximal at a test frequency an octave above the ‘

stimulus frequency, except with at;;nulus frequencies of 4000

and 6000 cps. | |

(v) Recovery time from temporary stimulation deafness can exceed

one minute, depending upon the severity of the stimulus conditions.
The work on acoustic trauma in guinea pigs and other animals (see for
example Eldredge and Covell, 1958) has definitely associated stimulation
deafness with displacement and disruption of the hair cells of the orgen
of Corti. Becanse temporary stimulation deafness is an effect asscciated
with ;ntense’exposm'és and becanse of its great é:l.mlu'ity '@"stimula‘tibn .
deafness, it seems that it is also rost probably asgoéigted wi;t.h. some
temporary or unobservable impalirment of the func’tibﬁigg of the hair
cells. Hence, ‘an'y explenaticn of its characteristicﬁ‘ will be in terms

of the anatomical éh?ra.cteristics of the ear.
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The linear relationship between temporary stimulation deafnesa
and the logarithnm of the stimuius duration is, as in the case of fatigne,ir
a purely temporal function of the mcreas_es in sound exposure. ‘Thez_'e
is once again no satisfactory explanation of the phencmenon. The
whole problem might be associated with the storing of potential energy
within the bagiler membrane. Equations are available (see for example
Rayleigh, 1894, Vol. 1, p.91-129 for classical work on this topic) for
calculating thie in fairly simple structures such as vitrating strings.
We can assume that the amount of stored potential emergy is dependent
upon the stimulus duration, if so, 1t is quite conceivable that with
the other stimulus variatles kept constant, the destructive effecte of
the stimulus would bear a logarithmic relationship to the stimulus
duration. Such a theary would also predict that there would be a limit
to the linear_ity. The potential energy camnot go on increasing indefin-
itely btut it must reach a maximal value.

Tha maximum associated with the 4000 cps stimnlus frequency has
already been discussed triefly (see page 154). Hilding (1953) has
considered the flow of sound forces through the cochlear and concluded
that they result in en area of high pressure a.t.'a point 6 to 8 mm,
from the beginning of the first turn of the cothear. This he
considers results in the 4000 cps dip associated with industrial
deafness. The reverse process would also apply. A stimulus tone of
4000 cps will produce an optimum effect, since the forces generated are.
already going to affect that region of the membrane. The funnsling
of sound hypothesised by Hilding will merely increase the magnitude of
the forces gezf‘erated. Kawvata (1960) found that there was a
remarkable ischaemia particularly in the basal coil of the cochlea. He
concluded that "it may be said that'.i@p individual with a lively acoustic
tympanic muscle reflex will have an extremely clear c® dip snd that a
vigourous vasomotbr:lél reaction in the 'c0ch1ear.blood vessel may also
be aroused in !iiui." -Once again the reverse argument holds and ther
basal area will be predisposed to show the maximeal shift.

Kewata argues that Hilding's and other similar explenations (see

¢ Kawata's term.
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Onehi, 1951 and Ruedi and Furrer, 1948) cannot be correct, since the
05 dip is also found ._:ls some cases of perceptive deafness due to alcohol
poisoning and in some cases of head trauma. However, he appears to be
mixing cause and effect. The manifestation of acoustic trauma within
the cochlea may be vasomotor, but something must canse these vasomotor
effects and be responsible_for them oeccuring at the 40€0 cps regicn of
the bagilar membrane. In the case of a 05 dip resulting from noise
exposure, it seems reasonable that an explanation similar to that of
Hildipg will eventually answer the problem.

The linear increases in temporary stimmlation deafness with
stimulus intensity are more diffiicult to explain than the inerease in
fatigue with stimulus intensities above 95 db. It appears to be
assoclated with the forces to which the response mechanism is subjected,
that is to the logarithmic scale of sound intensity. It may be that the
relationghip is logarithmically linear ﬁ:lth respect to the absolute
stimulus energy. However, since we measure st.iﬁnlus intensity on a
logaritimic scale, the result of this would dbe logaritimicelly linsar
relationship with stimnlus intensity. Another important factor will be
the extent of impairment of the hair cells. Stimulation deafness studies -
could provide information on this possibility. However, the studies up
to the present time have not provided sufficiently accurate data about
the total area of diamage. Hence we are uneble to assess arw relationship
between this and the intensity of stimulation, although the above
considerations would predict that it would be scme s‘:l.mpie monotonically
increasing function.

With a variety of stimnlus durations, it was found that the linear
increases in temporary stimulation dehfness, with increased stimulus
intensity, originated from a common point. This common point hed a
negative ordinate (-4.8 db., see figure 27b and page 149), that is a
negative amount of TTS. We have already suggested that this negative value
results from the presence of "sensory elements® which are constantly '
activated by internal masking stimuli (see page 149). In accordance
with the suggestions made above, these sensory elements could be.the
hair cells of the orgen of Gortl. The existence of a resting D.C.
potential in auditory nerve transmission (see Ruch and Fulton, 1960, pages
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398 to 399) supports this suggestion. It is clear that some elements
may be activated in the absence of an externally imposed stimulus. This
is in accordance with the above suggestion.

Temporary stimulation deafness is maximal at a test frequency an
octave above the stimulus frequency. This is not in accordance with
the hypothesis of Meyer (op.cit.). He suggests that there are two
effects which will be discussed more fully later (see page 178). Onme
of these he refers to as fatigue and states that it is symetrically
distributed about a test tone of 4000 cps. The other he calls "bruising
of the phragma" and states that it increases with the test freguency.
D.E. Broadbent1 has suggested in private communication that the basilar
membrane may "whip" with high levels of stimulation. If this is the
cagse then it is quite concelvable that this "vwhipping™ may occur in the
region roughly an octave above the stimulus frequency. This theory
could also explain the irregularities in the results for the test fone
experiments at a stimulus frequency of 1000 cps. This frequency is
represented towards the end of the basilar membrane. In this case there
may be an insufficient length of the membrane lying beyond the 1000 cps.
localization for whipping to take place. Similarly, the discrepancies
at 4000 and 6000 cps may be caused by the position of representation on
the membrane. These frequencies are located towards the basal end.
Consequently the fixing of the membrane at this end, may tend to reduce
the distance between the point of magimal vibration and the area of
whipping.

Finally, recovery from temporary stimulation deafness takes much
longer than recovery from fatigue. This suggests that two effects can
be separated from each other and that they involve different mechanisms.
The time for recovery from temporary stimulation deafness is sufficient
to allow the effect to be bio-chemical in nature, although long recovery
times do not specifically indicate a bio-chemical effect. Alternatively,
the effect may be associated with deformation of the crystalline structure
of the hair cells. Whatever the mechanism, the recovery is complete at a

psycho-physical level; although this does not mean that slight unobserved

1 Applied Psychology Unit, Cambridge.
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demage might not remain at a cellular level.
(e) Fat ‘

In most lcases fatigue and temporary stimylation deafness can be sep-
arated very clearly in the eiperﬁéﬁtal data. However, there are two
cases when it is necessary to consider specifically the interelationship |
between them. These are : o

(1) Tﬁe half-cctave pheriomenon in which F7S, recorded. with

a three minute post;e:qaosure period, occurs at a test

frequency a half octave above the stimulus frequency.

(11) The temporal course of recovery from FTS.

In both of these cases the obsérvad phenomena mey not be dependent upon
fatigue or temporary stimulation deafness alone, but on an interaction
botween the two effects.

To explain the h&lf octavé phenoménon, Meyer, (op.cit.) has

postulated a combination of two effects. These are a "bruising” of ths
ﬁasiler membrene which increases monotonically with the stimmlus '
frequency and a "fatigue” effect which is distributed symmetricelly
about the stimulus frequency. These are illustrated in figures 32a
and 33b. Figure 32# shows how a simple additive combination of the two
will produce maximal TTS at a test frequency.a half octave above the
stimulus frequency. However, we can disregard this hypothesis, since
the distribution of the two types of TTS does not fit in with Meyer's
postulated effects.

The distributions of fatigue and temporary stimulation deafness
around test frequencies equal to the stimulus frequency and a test
frequency of 4000 cps respectively, could just as ea.'sil'y', ré‘sult in a
half octave effect. Figures 33a and 33b represent theoretical
distributions of t_’at:lgue end temporary stimulation deafness. When
additively combined in figure 33c, they produce a half octave phenomenon.
If the differences between the two were made large enough, this
diagramatic effect would be destroyed. This presumably does not happen
in the experimental situation. However, this hypothesis does not appear to
fully explain the phencmenon. Temporary stimulation deafness may be maximal.
at a test frequency a half octave above the stimulus frequency with
stimulus -fr_equencies of 40'and 6000 epé. Under these conditions, it
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Figure 32: Illustrates Meyer's (1954) explanation of the half octave
phenamenon in TTS. Bruising and fatigue combine to produce maximal
TTS at a test frequency a half octave above the 4000 cps stimulus

frequency.
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would seem the half octave phemomenon does not result from an additive
combination of fatigue and temporary stimulation deafness. It is
a maximum associated with the latter effect.
Hirsh and Bilger (1955) explained diphasic recovery as the result

‘of an additive combination of two TTS effects. They suggested a possible -

newral (R-1) and a possible bio-chemical effect (R-2). R-1 they
suggested is completed in one minute and is independent of stimulus
intensity and R-2 is slow and is “clearly dependént. on the stimulus
intensity.” The author (see Rodda, 1962) has criticised Hirsh and Bilger's
formulation, since at the time of writing there was no evidence of an
association between diphasic recovery and the equilibration frequenc_ies.v
He hes p&étulated (see Rod&a, 1960) a theory based on facilitatory and
inhibitory effects within the cochlear. This theory utilizes the concept |
of organ of Corti “fatigue patterns® (see Gardner,1947). These fatigue
patterns represent a residual, decaylng pattern of excitation after the
cessation of a stimulus tone. Depending on the inter-relationship
between the pattern of test tone stimmlation and the fatigue pattern,
there may be facilitation orlinhibition. of neural impulses and
consequently the decay of the fatigue pé.ttern will, if it is initially
large énongh, produce a period of facilitation followed by a period of
inhibition.

The original criticism of Hirsh and Bilger's theory no longer holds.
The results of the experiments on rééovery have shown conclusively that
there is a close association betwsen the presence or absence of diphasic '
recovery and the equilibration frequencies. However, Hirsh and Bilger's
theory can still be criticized. If two independent recovery processes
exist, then 1t is still difficult to conéeive of them producing
diphasic recovery. It seems more likely that they would combine to.
producd a monotonic negatively accelerating recovery curve. It is also
difficult to fit the equilibration effects into the author's theory. The
difficulties of both theories can be obviated if we postulate, ingtead
of two ssparate recovery process, two independent TTS effects. Bach of
these would have its own recovery process; but the combination of- the
two processes would result in facilitatory and inhibitory effects as
postulated by the author. The advantage of such a theory is that it
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also explains the sensitization effects. These are merely a function
of the amount of facilitation present. Hirsh and Bilger have

great difficulty in explaining these effects and merely state that
the "structure in which R-1 i3 found is rendered more sensitive than

it was before the exposure”.
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CHAPTER XV1
C E c t;
Two control experiments involved periods of silence or non-tracing
interspaced between successive periods of Békééy tracing. These gave
mean shifts of -1.39 db. and -0.87 db. between the thresholds recorded

in successive tracing periods (see page 111 and pages 133 to 135).

The smallness of these changes, when compared with the shifts resulting

from exposure to a stimmlus tone, indicate that TITS results from the
introduction of the stimulus tone and is not merely the result of
chance fluctuations in the threshold measurements. Of the 271

experimental means obtained in the experiments studying the stimulus

and test tone variables (see figures 6, 8, 9 to 11 and 13, pages 68, 72a,

79a, 79b, 79¢c and 82 respectively), a total of 89 lie within 2.58 o
of the mean shift of -1.39 shown in the first control experiment.
Similarly, a total of 126 out of the 271 experimentsl means lie within
2,580 of the mean shift of -0.87 shown in the fourth control
experiment. At first sight, these numbers may seem rather high.
However, the majority of the means involved tend to be associeted
with the minimum severity of stimulus conditions (70 db. for one
minute) or to occur at the extremes of the test tonme distribution.
Consequently their effect, if any, éill only be serious under these
conditions.

It would be argued that negative shift in the control experiments
reflects over-cautiousness on the part of the subject in the earlier
test period. Alternatively it may reflect a facilitatory effect
arising fron the period of silence or non-tracingf The mechanisms
of such a facilitatory effect are difficult to understand. However,
evidence for this suggestion comes from work of aébaydar (1961) who
has shown that auditory threshold are lower in light than in darkness.
He explains this phencmenon as being due to an increased level of

cortical arousel.

The effect could be explained in terms of Broadbent's filter theory

and the novelty of stimuli. Broadbent's (1957 and 1958) theory

assumes a limited perceptual capacity in the human organism.
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Comsequently he stresses the meed for the performance of some
selective operation on all sensory inputs mediated within the organilm."-
Thus the organism “chooses" to.respond to certain stimuli and to
neglect others. In so doing, it avolds a "jamming® of sensory imputs
and a resulting -domf:lete inability to respond.. A basic assumption |
in the theory is that an unchanging stimulus situation is assoclated
with & "switching” to other channels of sensory input, particularly
if such MIS -provide a "novelty” of sensory input. Broadbent
(1958, page 98) has stated that "novel stimuli themselves receive
adequate responss’and so seem distracting rather than paralysing.*®
He explains the detrimental effects of noise on efficiency and the -
annoyence effects of noise in terms of this distracting effect (see
Broadbent, 195,5,',chapter 5).

During the ‘pétiods- of silence or non-tracing in the control
experinienis?there is very little or only a continuous low level
auditory input. This continuity of a constant low level sensary
input would result in a neglect of the auditory chammel and a
concentration on other sensory channels. cdnsequently at the |
commencement of testing of the post-exposure threshold, the sound is
& "novel"” stimmlus. 4s such it receives more attention than other
sensory inputs and 16 perceived more easily. The detrimental
distracting effects of the nevel stimulus will be obviated for two
reasons : '

(1) The sownd is at a low intensity.

(11) The subject is warned to expect it by means of the

signal light.

The result of the orientation towards auditory information and the
increase in perceptual ability, is a lowering of the threshold.
Although there is little evidence for the suggestion, it seems
likely that a mechanism of this natire could be mediated through
the activity of the RAS. |

A prediction of the theory is that as the test period progresses,
the amount of facilitation will decrease. The reason for this is
that as the test period is prolonged, then the tendency will be to
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"gwitch? for incressingly lomger periods to other sensory chanrels.
To test this suggestion, the mean thresholds in the first, second and
third mimte of the period immediately following a period of silence |
or non-tracing were calculated separately for each of the control
experiments. These values were substracted from the mean threshold
immediately preceding the period of silence or non-tracing. This
provided an assessment of the amomnt of facilitation in each period. |
In the first control experiment the mean differences between the pre-
silence and post-silence thresholds in the first, second and third
minute following silence were found to be -2.64, -0.98 and -0.59 db.
respectively. In the fourth control experiment the mean differences
between the pre-non-tracing and post-non-tracing thresholds in the
first, second and third mimute following silence were found to be
-1.88, +0.17 and -0.92 db. respectively. In calculating these means,
the second three minute tracing period was used as the pre-non- |
tracing period for the third three minute tracing period. It can be
seen from the results that there is a progressive reduction in the
amount of facilitation as the test period progresses; although in

the second control experiment, there is no facilitation in the second
minute of the test period. This latbef result is probably caused by
chance errors.

The larger amount of facilitation in the first control experiment
offers further tentative support fbr the theory, despite the smallness
of the difference between this and the amount of facilitation in the
second control experiment (see page 133). In the fourth control
experiment the subject traced his threshold for three minutes and then
rested for two minutes. This cycle was repeated three times to give
a fifteen minute test period. It can be seen that only the first of-
the three minute tracing periods was not precceded by a period of non-
tracing. The second three mimmte tracing period provided the pre-non-
tracing threshold for the final three minute tracing period. However,
this period had itself been preceeded by a non-tracing period and
must have been affected by the facilitatory phenomenon. This would_
reduce the amount of facilitation recorded in the final three minute
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TABLE XX
Sumery of -the . t-test used to test the significance of the difference
between the mean smount of facilitation between successive three Vminut.:e
test periods (4) and between the first and second end the first and
third three minute periods (B) in the conﬁ;ol experiment studying

Bekeésy tracing for short periods.

4 B
No. of subjects' : 4 4
Mean Shift -0.87 db. ‘ ' -1.86 db.
Standard Deviation- 1.98 db. 2.32 db.
= 0¢74

Tabd

Standard Error of the difference (S‘E'D ) = 2.15

t = M- ’;‘:g -0 (sse Garrett, 1958, p. 223-224)
S.E.
D.

= 0.460

4 t of 0.460 with 3 degrees of freedom is not significant.




187. -

tracing period. OConsequently, the lowered emount of facilitation
recorded in the second control experiment could result from. the
facilitation itself. _

To check the above suggestion the mean difference 'in- thrésholds
between the firgt and gecond and the f£irgt and third three minute test
i)eriods was calculated. The standard deviation was also recorded. The
mean was -1.86 db. and the standard deviation -2.32 db. The product-
moment correlation betwesn these results and the results obtained
taking sﬁccessive three minute periods was 0.74. The significance
of the difference between the above threshold change and the threshold
change of -0.87 db. obtained by taking successive three minute periods,
was tested using a t-test (see Garrett, 1958, pages 226 to 228). The
results of this calculation are summarized in table XXX11. It cen be
seen from the table that the difference is not significent. Howsver,

- 1t is suggestively in the right direetion.

Additive effects of ITS were controlled for in the fifth control
experiment (see page 135). This ahdw_ed that there was & mean increase
of 0.6 db. in TTS produced,by 1000, 2000 and 3000 eps stimulus tones
at an intensity 110 db.,at the beginning and the end of a test session.
This increase was not signifiecsnt and conrsequently we can assume that
there were no significant additive. effects and that the recovery period
of 15 minutes was adequate.

The sixth 'control experimeént recorded the mean noise level in the
test cubicle over three hour periods and over fifteen minute periods.
The mean noise level on the 'C' weighting of the sound level meter was
38 db. in the three hour test periocds (see pages 135 to 138). A
frequency analysis of the neiese was not underteken since the appropriate
equipment was not available. However, the mean of 38 db. is much leas
than any of the levels suggested by Glorig (1958, page 132), as
permissable ambient noise levels in an industrial test situation. Even
if we assumed that all of the noise was concentrated in any one octave
band, a level of 38 db. is still below Glorig's standards which range
from 40 db. for the band 300 - 600 cps through to 67 db. for the baid
4800 - 96C0 cps, with a mean of 50.4 db. Hence we can confidently state
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that the noise level in the test cubicle was well below the levels
suggested by Glorig. However, these latter values are too high for
research work and it is fortunate that the overall noise level is
*mich less" than the values suggested by Glorig. Another factor
to be borne in mind is that the subject was wearing an earphone
on the test ear. This would provide further attenuation of
extraneous noise.

Reference to the data of Hawkins and Stevens (1950) on the masking
of pure tones by white noise indicates that white noise of an overall
intensity of 38 db. would elevate the threshold at 1000 cps by not
more than 10 db. However, this value is only given as an indication,
since we have no information regarding the frequency and intensity
spectrums of the noise in the test cubicle. The amount of masking
i1s also dependent on the value of the unmasked threshold, that 1is
upon the intensity of the stimulus. It is impossible to correct
threshold measurements, for ambient noise masking because as Glorig
(1958, page 75) points out "as hearing loss increases, the masking
effect of the ambient noise decreases.”

. The constancy of the ambient noige in the test room is more
important than the absolute noise level. If the noise level is
constantly changing then so is its masking effect and consequently
the recorded threshold value. The noise in the test room was found to
be reasonably constant. The results in the three fifteen minute
periods during which thé noise level was recorded at one minute
intervals, are given in table XXX (page 137). It can be seen from
this table that in the three periods 86%, 947 and 737 of the readings
2 db. of the mean and 93%, 100% and 93% of the readings

14+

fell within
fell within : 4 db. of the mean. Hence the ambient noise level was
maintained at a fairly constant level within the test cubicle.
Consequently, we can assume that at a constant threshold level, changes
in threshold resulting from changes in amblent noise masking would

be very slight. However, as we have just noted, the masking effect
would vary with changes in the threshold. The higher the threshold,

the less the masking effect. Since we are dealing with threshold
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increases the amount of error resulting from masking would increase
as the amount of TTS increased. Subjectively, in view of the low
constant noise levels, the author feels that these errors are oniy
very slight.

An important point about the test cubicle is that further improveren
would probably have resulted in another difficulty. Professor '
Mcmwael has pointed Iou'b that persons working in completely so_unﬂ-pi‘oof
and anechoic rooms are liable to suffer from £its of panic which are _
very similar to claustrophobia. The author has also found this to
be the case. Thorpe and Hinde (1956) have also stated that an intehsiﬁy
of 40 2 3 db., on the 'C' welghting of a Dawe sound level meter, is
less than the noise level produced by the respiration, blood-circulation
and hoart beats of a human subject. Hence, although pSycho-é.coustically
a completely sound-proof room represents the pp'timum conditions, this

is not a practical proposition.

1 Dept. of Electrical Engineering, University of Canterbury,
Christchurch,
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CHAPTER XVl

The Bekdsy Method.

The control experiment on the Békésy method showed that the
Békesy method of threshold tracing produces speriodic, cyclical
variations in the absolute threshold of auditory semsitivity which
are larger than the similar changes produced by the modified method
of limits (see pages 111 to 130). The d:lfferez_aces between these two
mothods indicate that the Békésy method 1s less reliable, when the
threshold is traced for long periods at one fixed test ﬁ!eqﬁéncy.

The subjects and the test conditions were the same in the two
tests apart from the use of thell'iv;ke/sy method in one case and the
modified method of limits in the other. Normal intz'apsubj-ect‘
variability cennot account for the results since gll of the subjects
* were congistent in chowing reduced variability when the modified
method of 1imits was used to measure the threshold. It might be
argued that the difference between the two methods is artificial,
in that the Békesy method allows tta":éubjéct to mske more responses
in a fifteen minute test period. Inspection of figures 22a to 22f -
and 23a to 23f reveals that the subjects made 47 responses in the
nmethod of limits experiment; but that they made from 40 to 102
responses, with a mean of 71.5responses, in the Békésy method.

This objection fails, since although it would adequately explain the
differences in the smount of oscillation, it would not explain the
differences in the emplitude of oscillation. Figures 23a to 23f are
completely different from figwres 22a to 22f, ﬁaeas if the above
argument held, then we would expect them to be both qual:.tatively
gimilar to the earlier parts of the latter figures.

We must conclude that the greater constancy of the threshold
obtained using the modified method of limits results from the
differences between this method and the Békesy method. We must also -
conclude that either the two methods utilize different subjective
response systems or alternatively the two methods have different
effects on the variabllity of tl;e sems common subjective response

system.
A priori, it would appear that the responses a subject makes im
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any threshold determihat-ion are dependent upon at least three factors.
These ere : '

(1) The general sensitivity of the subject (This will

include such factors as local fatigue, central fatigue and

attention).

(11) The critericn of response that the subject adopts.

(Does he, for example, judge when dbubtful,. sure or

certain?)

(111) The responses he. has already made.

41l of these factors can be expected: to affect both the Be’ke’sy and
the modified method of limits method. However, the first two
factors would over a long testing period affect both methods equally.
Consequently, we would not expect them to caunse any differences
between the two methods. Hence, it would appear that the decisive
factor in differentiating the methods lies in the responses that the
subject has already ma.de;

The essentisl difference between the two methods im that in the
modified method of limits the subject is always returned to two
fixed reference points. These referance points are the extremes
between which the attenuation is varied by the experimenter. It
has been pointed out (eee page 61) that the subjects always responded
to the tone at the upper intensity limit; whereas they never
responded to the tome at the lower intensity limit. Conmsequently, it
can be assumed that the subject always heard the -tone at the upper
intens:lty limit and he never heard the tome at the lower intensity
limit. The fixed reference points were chosen with this criterion
in mind. The advantage of providing reference points is that they
provide the subject with a standard on which to base his responsss.
They are not present in the Be/ke/sy method, where the intensity of
the tone increases or decreases as soon as the subject decides he
does not, or he does hear the tone.

The presence or absence of reference points in a response gystem
is related to recent work of Pollock (1956) on elementary display

systems. He suggests that basically there are three procedures that |
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can be used in allowing & subject to make a response to s display
system. These are: »

(1) The observer categorizes the stimuli by choosing the

correct category from memory.

(11) The observer categorizes the stimuli after a further

presentation of the cataibgo,'e of category responses.

- (441) The observer categorizes the stimuli with the

catalogue of responses ava_.ili.'ble to him at all times so

that he can refer to it as and when he requires to. -
Pollock suggests that (i) and (4i) are identification systems in which o
the subject must recognize the stimulus and that (111)' is a discrimination
gystem in which the subject has to compare the stimmlus with a series |
of standard stimuli.

A consideration of the Békesy and the modified mothod of limits
techniques indicates that they are respectively similar to Pollock's
first and second display techniques. Both are identification systems
insofar as the stimulus must be heard and recognized. Both methods
involve categorization, since at any instant in time the subject must
categorize the stimulus as being present or absent. In the Békesy
technique, the subject has no reference to any confirmatory stimulus on
vhich he can base his responses. Consequently it equates with Pollock's
first display technique. In the mdified mothod of limits, the subject
makes & response and is subsequently presented with the fixed
reference atimlus. This enables him to check the validity of his
reéponse. It is essentially similar to Pollock's eecond display
technique. Howe'ver,l it does differ in that Pollock allowed his subjects
to make their decision after presentation of the comparison signal. -
This latter difference probably increases slightly thée errors made using -
the modified method of limits technique.

Pollock studied the effectiveness of the three procedures in
audition and found that the first procedure produced more errors than
the second procedure and the second procedlﬁ'e prdduced more errors than

the third procedure, unless the differences between scale categories

vere very coarse. He also found that as the "fineness" of the scale
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of category reisp‘onses was increased so were the differences betwéen
| the three proée‘du;res. The greater.‘effectivene»ss c;f the second recognitio:
tec.hhique is similar to the differences between the Béke’sy and modified
mothod of limits techniques. |

The effect of the reference points seeins to be clossly associated-
with anchoring of response scale effects. Guildford (1954, page 312)
points out that the effect of an anchoring stimxlus is to shift the
judgements in a response scale towards the anchoring stimmlus. He
also points out that the further removed a stimulus is from the
anchoring stimulus the greater the anchoring effect. The fiwxed
reference points -in the modified method of limits method appear to
form a high and a low intensity anchoﬁng stimuli. The high intensity
anchor is intensity at which t.he. tone is always responded to and the ‘
low intensity anchoring stimulus is the intensity at which the tome is
never responded to. Sinece these affect the stimuli furthest away from
them, they result in a compression in the gcale of responses with a
consequent reduction in the variability of responses. When they are
introduced together, then their joint affect is an-even greater
compression of the scale of responsss and the comsequent reduction in
the variability of responses.

The greater variations in the threshold produced by the Be’ke’sy
method can also be exélad.ned in terms of the effects of anchoring
etimuli, However, in this method there are no fixed anchoring stimuli.
Consequently the stimuli to which the subject has just responded become
the anchors. In this situation the seale of responses for any pair of
responses, that is between a response of hearing and not hearing the
| tone or vice-versa,becomes concentrated between theée two respbnses.
The work of Bekesy (1947) has shown the range between a hearing and
not hearing response seems relatively invariant with constant test:
conditions. These two effects seem to add together and produce a
gradual upward or downward movement of the threshold. This 1s
111ustrated in figme 34 which is a theoretical dlagran drawn on the
.assumpﬁ,.ona that the subject respends at a point midway betwsen the |
two previous responses which form the anchoring stimuli, that the

‘ay
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length of the excursions remains constent and that these two
conditions follow in order. In diagram 34a, If.he subject gives a not |
hearing response mid-way botween the previous hearing and not hesring
response. This is followed by a normal pen-excursion and this in turn
is followed by a response mid-way ‘between the previous two respénses.
This continues and results in a graduel elevatioﬁ of the threshold. .
A similar effect occurs in figure 34b, except that in this case the sub-
ject mskes a hearing response mid-way between the previous not hearing
and hearing responses. This results in a gradual reduction in the
threshold.

The gradual increases or reduction in the threshold are limited
by two factors. The first of these factors is the extreme limits of
intensity, above and below tﬁes’e the subject always responds or does
not respond respectively. The anchoring stimuli msy widen the range
between these limits, since the probability of response to a tone will
be affected even a.t‘the é::_l_zrfemes by the anchoring stimmlus. However,
this effect will be limited mince at a given intensity, the increase
in intensity will overcoms any effects the anchoring stimulus may
have. The second factor limiting the increases or reduction in a
tone is the changes :I.n the .proba.bility of responss to a tones as the
above limits are reached. The probability of response increases from
O to 1007 between the limits either in quantal or in a eignﬁidal
mamer (see Stevens, 195‘1) . The manner of variation is unimportent.
Whether the changes are quantal or sigmoidal, the changes mean that
the nearer the intensity to tl_ze intensity belov‘wm‘.ch the subject nevéi
responds, the less thé prbbabilitw of a "hearing® z;esponse. Similarly,
the nearer the intensity to the intensity above which the subject
always responds, the less the pmobal:ﬁity of a "not hearing® response.

The effect of these factors is seen in figures 34a and 34b.

In figure 34a the upper limit of responses is reached at point 4 and the
lower 1imit at point B. In figure 34b the lower limit of responses 1s
reached at point 4 and the upper Linit at point B. When these points
are reached, the patfern of re‘sponses is btroken since the subject

camot maintain the successive mid-point equal excursion series.
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He must respond or not respp;id to the tone when the mteﬁsity limits :
are reached. However, once the sequence is broken in one directim |
it commences in the opposite direction. Hence the changes in
threshold become reversed. .At -point C in figure 34a and figure _
34b, there is a further change in the direction of the threshold
changes because of chéngé.s in the probabil;lty of response.

The agsmnptions of ~successive-mid—p.oint, equal excursion -
responses will not of course hold in actual practice. However, a
change in threshold in one direction will tend to perpetuate itself
for the following reasons : |

(1) The anchoring effect will tend, depending cn the

‘direction of travel, to produce a response at a lower

or higher intensity than the previous response of the

same nature.

(11) The anchoring effet_:ts will tend to be obviated

on excursions moving in the direction of travel by

changes in the probability of response in that

direction.

(i41) The anchoring effects will tend to be accentuated

on excursions moving in the reverss of the direction of

travel by changes in the probability of responses in

that direction. |
We have already noted that this tendency to perpetuate the threshold
changes will be overcame because of changes in the probability of |
respense or becanse the limits of responding or not responding have _
been reached. However, since the subject may regpond or not respond
at any point between these limits, a change in the direction of the
threshold changes caﬁ oceur ;t any point between them. There is -
simply a greater probability of them occuring towards the extremes..
The validity of this suggestion is increased when we consider the
distribution of random numbers. Random numbers show qualitatively
similar aperiodic oscﬂlatorj tendencies (see Yule and Kendsll, 1950,
page 376 ) to those produced in the Békesy method. If we assmné that

the probabilities of response to the tone are sampled in a rendom
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mamer, them this supports the above hypothesis.

The above explanation also explains the slight negative
correlation between the emplitude and the amount of oscillation. It -
can be seen that as the amplitude of the oscillation increases, the
subject spends more time travelling between successive pesks and
valleys. Consequently the number of oscillations in a fixed time
interval .is reduced. Frequency differences in the amplitude of
oscillation were found not to be significent (see page 119). This
latter finding suggests that the range be_twpeﬁ always responding and
always not respording is relatively inveriant with frequency. This
finding 1s supported indirectly by work of Bekeéay (1929) which showed
that the difference i:hnen for intensity ié independent of the test
frequéncy.

The emount of escillation was found to be maximal at 1500 cps
('see page 115). fhis does not associate itself with any other known
phenomenon in audition. Various studies have placed minimal threshold
‘at frequencies between 1000 end 5000 cps (see Hirsh, 1952, page 107).
It ‘might be that minimal threshold occurs at 1500 cps since this
frequency is seldom tested. However, Luscher and Zwislocki (1947)
claim quite definitely that minimal threshold is at 3000 cps. The
effect is proﬁéﬁly associated with the cochlea since Wever (1949 and
1950) has shown that the limits of linearity of cochlear potentials
are ‘reached at 1500 cps and that blocking the oval window produce
maximal hearing loss at 1500 cps. How this correlates with the asbove
phencmenon is difficult to conceive. It may be that Wever's results o
indicate that the ear is most sensitive at 1500 cps and that cerefully
controlled laboratory studies would reveal this. If this is the case,
then the greater sensitivity of the ear would also probably result |
in a greater veriability of the results around ,thr.eshﬁld level.
Consequently the effect would be explained. Even if .this is not the
case, Wever's results do indicate that 1500 cps is a transition
frequency. Something, as yet unknown, occurs in cochlear responses at.
this frequency. In this case it seems likely that this transition
process will accentuate the proba.b:llity - anchoring effects postulated
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above. This highly unsatisfactory answer seems to be the most
satisfactory one that can be offered at present.

| The postulated anchoring effects also explain the absence of
aperiodic, cyclical changes when the -threshold was traced for short
periods in the two control experiments stuﬁn‘g threshold shifts
in the absence of the stimulus tone. In ‘the first of thess the
stimulus tone was replaced by silence. This poasibly formed en anch-
oring stimnlus. The effect of this apparently lasted for the three
minute post-exposure threshold tracing. Alternatively the anchoring
étimulus might have been the above threshold tone which was heard by
the subject at the commencement of all tracing sessions. This seems
moee likely since we have already seen that the differences between
the thresholds for successive periods of tracing were slight; end in
the control experiment studying Bekesy tracing with two minute rest
periods, the only pbss:lble anchor would be the commencement tone.
This was the stimulus heard during the non-tracing periods and
consequently it forms the only anchoring stimulus. Whether the
commencement tone or silence are the anchoring stimmli, the important
point is that they provide fixed reference stipuli. We have already
‘seen in the modified method of limits such fized reference or ancharing
stimuli reduce the amount of threshold variations, and their absence
increases the emount of threshold variation during Békssy tracing.

Fortunately, the variability in threshold measurements resultiné

from the uwse of Be/ke/sy technique does not eppear to have greatly
affected the experiments on TTS. The above control experiments
utdlizing tracing for short periods showed that under these conditions,
¢6nly the introduction of an appropriate stinmlus tone produces an
elevation of the threshold. Howeve;' , these experiments only dealt
with the mean threshold which is the threshold that is considered in
the ITS experiments. It would appear likely that the phenomenon would:
affect the results obtained on specific threshold resdings over very
short periods of time. Readings of this nature are involved in the .
studying of diphasic recovery phencomenon. Thé control experiment in
which recovery from TIS was studied using tha modi fied method of limits |
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(see pages 130 to 133) confirmed the validity of this suggestion.
Hence, as we have already noted,'ﬁe must view the results obtained
in the experiments on recovery, in which thresholds were measured using
the Békesy method, with scme reserve.

These‘ezperimsnts do throw a great deal of suspicion on the
reliability of Békésy recordings made gver long perdods of tipe at a
fixed frequency. The phenémenon has not been referred to before except
for the brief reforences by Bekésy (1947) and Epstein end Schubert (1957)
These workers also suggest that the amplitude of the changes is of the
order of epproximately 5 db. This result agfees fairly well with the
mean amplitude of 6.623 db. obtained in the author's results (see tahle
XX11, pege 117). However, a consideration of the remainder of this
table indicates that this is only a meen value. The frequency
variations cqﬁar a mean range of amplitudes from 4.51 to 7.66 db. and
the subject variations eover‘é-msan range of amplitudes from 3.69 to
10.81 db. Within the table the mean amplitudes range from 1.21 db.,
for subject F at 1500 eps to 14.84 db., for subject 4 at 1000 cps.
Consequently, we must concludg that the threshold variations are much
larger than suggested by either Bekésy or Epstein and Schubert, who
did not meke a study of'épécific:detail of these veriations.

Then obvious implication of these fésults is that more research
is required on the use of Béﬁé%y andiometry in clinical audiometry.
Many of the tests for malingering such as ‘the Stenger . test (see Newby,
1959, pages 157 to 159) utilize threshold measurements at fimed
frequencies for fairly long periods. Should the Béké;y technique be
used for these tests, then it would appear that the results may be
seriously impaired by the above phencmenon. The effect of the Bé&é%y
technique on the audiogrems obtained with a continuously varying fre-
quency is not kmown. The effect of var&ing frequency may reduee
the emount of threshold variation. However, this seems unlikely, since
the subject will still have no fied reference or enchoring stimmli and -
the results of Béké%y (op.cit.) and Epstein and Schubert (op.cit.j were

obtained under these conditions.
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Attenuation rates will almost certainly have eome effect on .the
amount of threshold variation. Only one attenuation r’a.té was used in
this study and consequently we have no direct information available.
Carso’s (1956) work showed that a‘bteﬁuation rate did not effect the
mean threshold tut since he used short test periods, this only confirms
the results of the control experiments which shoved no.signi ficant |
variations of threshold readings with short 'beét periods. Other studies -
have also used much faster attenuation rates then was used in the
present study. It may be that this will reduce the variation of thres-
hold readings. Backlash {see page 43) will tend to carry the subject
much nearer or even into the range of .compleﬁe audiability and complete
inaudiability with the faster aﬁtenuaﬁon fa’.ﬁés. Consequently, the
method under these circumstances may equate more closely with the

modified method of limits. However, more research is needed on the

phencmenon. ,

We may cocnclude that the Be/ke/sy method appears to be affected
by anchoring? just as the more conventional modifieﬁ method of limits
is. The effects within the two techniques are mediated differently and
this difference affects the threshold as measured by the Bekesy method
over long periods. & great deal of further research is required; but
these initial results would seem to place very stringent restrictions
on the Béke/sy method. Should further research confirm this then it is
fortunate that automatization of the modified method of limits
technique could be achieved fairly simply. The use of the Békesy method
does not affect the recordings of mean TTS provided the pre-exposure
and post-exposure test periods are of short 'dqv_ratioz.‘:. However, it
does affect the manifestation of phenomcna such as diphasic recovery
which are observable in terms of instantanious rather then of mean

threshold.
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Chapnel 1: Consisted of an aﬁdiﬁ-ﬁester and two 'ét‘bénuators. The
sudio-tester was a Marconi (Type T.F. 8944) cg‘l.i}n:_éted from 50 ¢+p.8.
to 27 k/c.p.s. and designed to work to a 600, 15 and 3 obm: output.
The frequencies are accurate to + 2% + 5 c.p.s. when the instrument ha.a
reached thermsl equilitrium, and the outpiit distortion i 1.5% o2 the
total at 1.5 watts and 2% .of the total at 2 vatts, wben the ﬁ-égueﬁciaq:_,
are between 100 and 8000 c.p.s. The audlo-tester ie itself capabis:.
of 50 db. attermation. Thé first attenuator in the circuit waausedto
extend this range -and was an Advance Low Frequency Attenuator (Type |
A 64) having an input and output impedance of 600 olms ‘and g;i.ving 70
db. of attenuation in 1 db. :steps. The second attenunator wasg: a
Marconi Attemuator (Type 338 e) and was converted into a subject/
| experimenter controlled at‘benua‘bor (see. Append:lx II). This also has an
input and output impedance of 600 ohms. ~It provides 80 db. of
attemuation in 30 db. steps and 25 db. of cqr;fbiénnously varisile
attenuation. |

Change) 32 Consisted of an oscillator and two attemmators, The
oscillator was a Wein Bridge Oscillator constructed from a e:l.rcuit g
published by Williamson (1956). It has a frequency ramge 'of-.-‘3~cps. f.o_.\‘:’f
330 k/cps in five decads steps. Uilliu;lqon claims that the. harmonic '
content of the tones is less than 1% at 2 k/cps.,. that-the‘%mplitndo
linearity is 0.025 db. from 15 cps to 330 k/cps. and that the frequency' |
drift ever a threo hour perilod is negligible. . The two: attenna,tora :
vere 4dvance Low Frequency Attenuators (Type 464, see Channel-1) and
provided 140 db. of:attenuation in 1 db. steps. . - - sl

Mixiug: The outputs from the two channels were fed through a two- _
pole change-over switch, so that either charinel could be sslected as -
necessary. The selected output was fed into the standerd earphone, i
via a Gardner's transformer (Gﬂ'lidr*i'l) which has an input impedance
of 600 ohms and en output impedance of 25 ohms. This matched ths
impedénce of the output from either chanziol £ the iupedance of the
‘standard earphone. The latter was ;n&nufactm'-ea by Standa-déreaqphones"
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-and cables (Type 40264, Haa.d Receiver) It is a moving coil type ofuh

" instrunent with a ﬁ'equency responqe 50 cps.. to 10 k/cps. 'It nas

calibrated ‘&t ths National Physical Laboratory, Teddington (see L
Appendix. m) '




The converaion of the. Marconi attenn&tor to & subject/emerimentor 5.'

control.‘l.ed attenuator was achieved in. the folloviug vay .

(1) A 2 volt govermnent mplus revers:lble DiC.. electrie
motor of unknown epecifica.tiona wae connected to a worm-
gear by mea,ns of an insulated flex:lfble drive.

(11) The uorm-gear connecbed throu,gh a seriee of other
goars to a gea.r attached to the sha.ft of the. continuously
variable control of the. ‘attenuator '(see plate V1, page

a9). o . |

(111) Hence activ_atidn -of " the motorresulted in

moveﬁéﬁt of the e:'bteﬁuafor diél. The r‘ate of movement

 could. be. alte:red by changing the positions of the geu'e

.referred to in (:I.i) B

(iv) The direction of drive of the ni&tor was simp'li.
controlled by comnecting the subject and- the experimenter
switches to two relays .(A-and :} If eithar switch vere -
closed Relay A closed and Relay B opened._ If either switch .
were open the reverse occtred. "B.y'. reversing the current
flow thr'dﬁgh Belay A and aei'a"y-‘—a, motor rev'olvod in
one direcﬁon when the control swi‘bches were closed and

'in the other direction uhen the control switches ware open.
(v) Micro-switches were’ placed at the extrémes-of the L
attenuator disle. The sviteh at the lower end of the dial
short-circuited the two relays and atopped t.he mobor. The
switch at the ~upper end of: the d:lel rapidly reversed tne‘
relaye and eonsequently the motor "hnn'bed“ bachrards a.nd
f:orwarde.; This prevented the att‘enuntor,: being.. driven-paet

- its limits. | o -

(vi) The shaft of the eontinuonsl,y veria.ble control of thé
attenuator was: coupled, via a f].eoﬁ.ble dr:!:ve, to an elonga.te‘gi
wom-gcar. ‘Coupled to the_,'uorm.-::g'eé:r; w_as:e‘. blcck contnim.ng
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a pen. .Hence any movements of the attenuator diel me “
reproduced in t.he pen. - -} :
(vii) Movemente of ‘the pen. were recorded o & stn-ip of |
paper. This was kept morving by a frictd.on drive,
'b',activated by a.n elec'lz'ic motor, at a conetan‘b speed of
. one inch- per minute. . _ '
, (viii) The cont:lnuonely variable confmol of the att.enuat«or

was linear over most of- :lts range. . Hence as long aa the attenuator

vas working on this range the linear mot.:lon of fhe pen
was directly-related to th_e,‘gl_;qunt‘of- eﬁ?enﬁetipn. .



This certifies ‘that. the above receiver has been mechanically u o
and electrically tested and is satiafactory. s
The responsse. in db. above 1. dyne per eq. cm. per volt 15 given

15 . . T 57.4

belows-

moo st
500 o . 55;3f_‘,
1000 Lo s
1500 | T s2.9
wo s
3000 B 3‘Fllh$3,OkJ
‘4000 | - 5#52 .
Cs00 4
5009, o es

Calitration .réferéheez. BS.2083 : 1953 Fig 1a & 2b.
Date of Ca‘l.ibration: 4.‘2—.-60-‘
sT.439871
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Procedure : After the subjects had completed the:l.r practice sess:l.ons
they were carefully screened by mea.ns of tvo tests to ‘eliminate aw
subjects surfer:l._ng from abnormalities of hearing orheighf.ened sus-

1 "The two tests used for this ptirpose were

cepﬁbility‘ to TTS.
(1) Measurements of the absolute threshold oﬁ hearing by
a modiﬁed wéthod of limits. 7
(41) & modified test for abnosrmei susceptibility ﬁo 725
adapted from a "recruiiznent test" devised by Ga:hart (1957)
-Threshold measurements were talmn at ﬁ-equencies of 500 1000, 2000,
3000, 4600-, 6000 and 8000 cps. - The subjects. were tested monanrally us:h'ng :
only the first. cha.nnel of the epparatus. During these measm!ements the '
. modified Harconi ‘attenuator was used as an ordinary continuously vu-ieble
| attemmtor, not as a. subject/exper:l.menter controlled attenuator. The .
' subjects were tested monaura.lly on both ears. ‘
The procedure adopted in these tests was as follows 3
(1) The subject entered the test room e.nd was ghown the - switch )
controlling the signal light system. They were i.nstructed to press -'
tt;e m m switch when they could hear a tone and to release
it when they could not hear the ‘tone, i.e. to Ioeep the signal
1ight off when they could hear the tome and to. keep the s:lgnal
light on whsn ‘they could not hsar the tvone. .
(11) Bofore the testing began, the intensity of the tane was
rednced to well below the subjects' ‘threshold. .
(111) When the subject was settled in the test room the mtens:lty
of the tone was increased in 5 db.. steps mtil he responded to :lt.
The intensity at this point was noted. : , '
(iv) The. mtensity of ths ‘tons vas decrea.sed to 10 db. below
the intensity noted in (111) ‘and then ma-easea in' 1 db._'lvste_p‘s;
until the subject again responded .to.‘.the tons. Theintensitya;t

this point was recorded.

1 This was done ms':l.n.];}v for ethical reasons. Snch sub;ects could have
poss1b1y suffered. ﬁ.‘om permanent hear:lng losses. . o
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(v) The intensity of the tone was increesed to 10 db.

above the intensity noted in (iii) and then decreased in

1 db. steps until the subject ceased to respond to the

tone. The intensity at this point was recorded.

(vi) The threshold was determined by teking the mean of

the two values obtained in (iv) and (v).

Judgements on the suitability of subjects for inclusion in the experiment
were made by comparing the threshold values determined in the above
manner with values obtained by Sivian and White (1933) and by assessing
the general frequency-threshold relationship.

Since the testing was cearried out under laboratory conditions, it
was decided to use laboratory rather than field surveys for comparison
purposes. It was also decided to use a laboratory study in which
measurements were made in terms of Minimum Audible Pressure rather than
in terms of Minimum Audible Field. The former equates more closely to
the technique and earphone calibration used in these experiments. The
choice of Sivian and White's data was arbitary. Other data, such as
that of Waetzmann and Keibs (1936) would also bave fulfilled the above
conditions. However, the discrepancies between the available studies
were not large enough to have seriously affected the ascceptance or
rejection of subjects. The screening criterion was that the subject
should not gxceed the threshold values obtained by Sivian and White by
more than 10 db. at any test frequency. The 10 db. criterion was
chosen, since Steinberg and Munson (1936) have obtained a standard
deviation of 3.1 db. for individual variations in absolute threshold
measurements.

The modified "recruitment test" was thought to test abnormal
susceptibility to TTS. Carhart noted that in cases of end-organ
deafness "adsptation of the ear to tones around the threshold occurs
very quickly." He claimed that subjects failing to respond to a test
tone for 60 seconds at O or +5 db. re their threshold are suffering
from recruitment, i.e. pathologiqal end organ damage. Because of
possible errors in the threshold measurements used for screening in these
experiments, it was decided to modify Carhart's criterion. The revised

criterion is given below.
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The following procedure was a.dopted in administering the teet:
(1) A tone of a given frequency was e.djusted to 10 db.
below the threshold valm deberm.ned for that frequency
in the,..threshold -screening test ,pptlizneg above.
(i1) If the subject falled o respond' to the tone at 10
below threshold value its. intensity was. increaaed in
5 db. steps until he did reepond to 1t. _
(111) When the subject responded to' the tone 'ﬁhén the
‘tone was maintained at this intensity level either for -
60 seconds or unt;'.:ll the eq;bject-s_jbopped responding to the
tons if ‘this was less than 60 éeeehds._ Thet:l.meof respotise
to the ‘toms was recorded. | " |
(iv) Ipmediately the tone had been applied for 60 seconda '
or mg:@;x the subject stopped fesponding its mtemity was ra-
1ged by 5 db.
(v) The procednre descr:lbed in’ (11:!.) and (1v) was repeated
until the intensity of the tone ha.d been ra.iaed to 10 db.
above threshold.
‘Ehe test was administered at 1000, 4000 and 8000 ¢ps. To £a‘cilitate
variation, each tone was tested after the completion of the screen:lng,
_ threshold measm'ement.s at that f:'equency. ‘I!he criteria used for
screening purposes were 3 _
(1) Whether or not the subjéct responded-to.the tone for ome
minute at or below en intensity level of 10 db. re his-threshold
for the particular tone being testeée- S
~ (44) Whether or not the':_-;n;ge,.dr mténsi'ae‘s_ required to
ébtaln thls a one minute response was grestér than 10 db.
The. subject was required to pass the screening m'iterion at all three
*best ﬁequencies for Anclusion in f.he exper:hnents.
Regults  The results fcn' the ﬁ.rst test are ehown 1n table Ia.
At the ’top of the te.ble is given the resul‘bs o’otaineﬁ for ‘normal’
t.hreshold ‘measurements obtained by Sivian andﬂhite (1933) using
Mirdimm Audible Pressure. These and the e;per:l.mentg} results are taken |



Table Ia

Sereening threshold measurements. obtained using a modified method of limits: for each of the twenty four

subjects used in the experiments. For comparison purposes data derived from Sivian and White's (1933) study

are shown, Regults are given to the nearecst db,

Threshold re. 00,0002 dynes/cm? at each frcquency given in cps.

500cps 1000cps 2000cps 4000cps 6000cps 8000cps
Subject _ |
Sivian & White (MAR) 47 10 5 T 15 20
A | SRR 8 T 12 13 20
B 27 15 5 9 2 9
o o -8 -9 -5 ) 18
D -10 -6 16 -1 5 8
E 19 | 12 3 10 10 19
F 12 12 -4 3 9 13

°602




Table 1 (continued)

500cps 1000cps 2000cps: 4, 0COcps 6000cps 8000cps:
Subject ' ' . .
@ 20 | 8 -5 -3 5 10
10 - oy 3 5 15
J 25 14 9 | 10 13 19
K -4 -8 -3 -8 -5 | 3
L -5 =9 | -7 -12 | -3 -2
5 19 12 9 6 - 6 29
N 16 14 1 18 20 | 25
e -6 -8 TS o 5 5
P 8 6 7 9 1k 17
Q 25 : 12 12 11 15 17
R 9 s 5 & 13 18
8 15 7 9 8 | 12 24
T 20 13 12 - 1w 17 22
] .

12 6 5 5 19 | 25

<



Subjiect
v
W
X
Y
Mean

Standard Deviation

500¢cps

18

12
-1

5
11433
9.87

Table 1 (continued)

1000¢ps

13

-5

5. 00
8463

2000cps.

4000cps:

6000cps

15
19

14
10.08

7.40

8000cps

19
27
11

16.76
7«90

i § X4
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Table I1Ia

Results obtained using Carhart's test for abnormal
susceptibility to TTS for each of the twenty four subjects
used in the experiments. Results in the body of the table
are the time in seconds for which the subject responded to

the tone. A dash denotes that the test was discontinued.

Subject Intensity of sound : Frequency
r in db. re subjects
threshold.

1000 LO0O 8000

-10 0] 0 0

-5 18 0] 7

A 0 60 45’ 52
+5 - 60 60

+10 - - -

-10 o 0] o

=5 49 0 19

B o 60 0 38
+5 - 60 60

+10 - - -

-10 9 0 8]

-5 60 0 0

C o - 0 54
+5 - 33 60

+10 - 60 -

-10 0 3 o

-5 54 L7 38

D 0o 58 60 60
+5 60 - -

+10 - - -

-10 o 0 : 0

-5 60 0] o)
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+5
+10

-10

18

60

27

33

+5
+410

-10

18

Y

60

60

+5
+10

-10

a2t -

32

60

+5
+10

-10

L7

60

60

. 53

+5
+1'Q

€0

-10

w7
60

18

18
60

+5
+10

-10

18

59

60

57 |
60

60 -

+5
+10



60
52
60

60
15

32

-10

+5
+10
-10

+5
+10
-10

60
37
149
60
32
60

15
€0
12
19

60
60
28

+5
+10
-10
+5
+10
=10
+5
+190
-10
+5
+10



+10

35
60

18

60

12
27
60

22
38

16
38
60

12

51
60

Q

37

60

46

Lt

60

29
59
60

L9

11

20
60
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-10

31

60

+5
+10



217.

to the nearest db. It can be seen from the table that at the frequénciéél
tested, none of the twenty'foqr subjects gxgeeded the values obtained ‘
by Sivian and White by more than 10 db. and that none of them diverged
greatly in the general frequency-threshold relationship apparent in
Sivian and White's data. |

The results for the second séreening_test are presented in- ;

table lla. It can be seen from the table-fhat, at the frequencies-tested;
none of the twenty four subjects used in the experiment failed to |
respond to the tone for a full minute at an intensity 10 db. or less
re their threshold. It can elso be seen from the.table that none of
the subjects required a rangg of intensities of greater than 10 db.
to obtain a full minute's response to thé tone.

Hence, all the>subjects' used in the experiment passed_the'

two screening tests and were suitable for inclusion in the experiments

on TTS.
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