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CHAPTER I 

INTRODUCTION 

In recent years researchers have probed deeply 

into the areas concerned with auditory fatigue and 

temporary threshold^ shift (TTS). The interest 

in such research stems from the fact that industry 

has realized more fully the temporary effects, and 

in many cases the permanent effects, which noise 

exposure may have upon the employee's hearing 

acuity. After a week of on-the-job exposure to 

industrial noise, an employee may have a 20 decibel 

(db)^ threshold shift at 30OO, 4000, and 6OOO Hz 

while the hearing levels at the other frequencies^ 

remain at a normal level. After two or three days 

^Threshold--"defined as the intensity of stimu
lus required just barely to elicit a sensation in 
whatever sensory modality is being studied" (Newby, 
1964). 

^Decibel--"defined as the ratio of two energies 
or powers" (Davis and Silverman, I966). 

3Frequency--in a sound wave it is the number 
of cycles that occur in a second's time (Newby, 1964). 



away from the noisy job environment, the employee may 

have a normal hearing level at all audiometric fre

quencies. 

The presumed explanation for this finding is that 
certain of the hair cells responsible for the 
reception of the frequencies from 3000 through 
6000 cps have not been destroyed or irreparably 
damaged by the noise exposure but have been 
"fatigued," and with rest they can recover their 
normal function. The results of fatigue we refer 
to as "temporary threshold shifts" (Newby, 1964). 

REVIEW OF LITERATURE 

An interest in the area of temporary threshold 

shift led this v/riter to search related literature in 

an attempt to get a better understanding of the 

subject in its various aspects. It seems appropriate 

to discuss terminology and facts which influence this 

interesting phenomenon of temporary threshold shift 

in auditory acuity. 

DEFINITION OF TERMS 

Some authors use auditory fatigue and adapta

tion synonoraously with temporary threshold shift 

(TTS). "Auditory fatigue refers, in general, to the 

ear's loss in sensitivity following acoustic stimu

lation" (Jerger, 1958). Ward used the term temporary 

threshold shift to indicate "any post-stimulatory 
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shift in threshold" (cited by V/ard in Jerger, I963). 

Hood used the term auditory fatigue to describe "a 

temporary loss in sensitivity due to auditory stimu

lation" (Hood, 1950). 

Adaptation is defined as "the elevation of the 

auditory threshold by a previous sound stimulus" 

(Luscher, et al., 1949), 

Researchers have attempted to categorize post

exposure threshold changes according to their 

persistence in time. Ward (cited in Jerger, I963) 

summarized various terms for classifying post-exposure 

threshold changes when he stated: 

. . , effects disappearing within a second have 
been called "residual masking" (Munson and Gardner, 
1950)• Those requiring up to a minute for complete 
recovery have been termed "adaptation." Longer 
recovery times are said to represent "fatigue," 
Ruedi (1954) distinguishes between "physiological 
fatigue" and "pathological fatigue" depending on 
whether recovery requires minutes or hours. Wever 
(1949) calls effects lasting several days "stimu
lation deafness," 

It is quite evident that the temporary loss 

resulting from auditory stimulation has been given 

different names by different authors. Davis, et al., 

stated that "a temporary loss of auditory acuity, 

sometimes termed 'auditory fatigue,' sometimes 

'acoustic trauma, ' follov/s long exposure of loud 

tones" (Davis, et al.. 1943a). 



Thus, it readily can be seen that there are no 

clear-cut lines of distinction between any of the 

previously mentioned categories. For the purpose of 

this study, the term temporary threshold shift (TTS) 

will be used to indicate an increase in the level of 

hearing threshold resulting from previous auditory 

stimulation, 

TTS RELATIVE TO FREQUENCY 

Findings resulting from such historical 

experimentation as previously mentioned, have led 

later researchers to realize the relationships which 

exist among stimulus frequency, intensity, and dura

tion relative to their production of temporary thresh

old shifts in hearing acuity. Attempting to discuss 

frequency of the stimulus alone without relating it 

to intensity or duration of the stimulus v/ould have 

little meaning to the reader and, in essence, would 

lead to utter confusion. 

The study of post-stimulatory fatigue has 

been considered challenging for a number of years. 

Several factors which could possibly contribute to 

a change in threshold have been evaluated. Possible 

factors include intensity of exposure, frequency and 

duration of the exposure, sex, experience and age. 
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Of course, other variables which could possibly affect 

the recovery from post-stimulatory fatigue are con

stantly being studied in much detail. 

In a historical review of post-stimulatory 

fatigue, Hood pointed out findings of earlier experi

menters in the area of threshold shift. 

Among the early workers who have studied 
post-stimulatory fatigue, Pattie (192?) stressed 
its labile character varying from person to 
person and even between the two ears of one 
subject . , . . 

Von Bekesy (1929) in some of his earlier 
work used a fatiguing tone of 800 cp.s. at an 
intensity of about 40 db above threshold. He 
found evidence of fatigue over the frequency 
range 300 to 2000 cp.s. which decreased with 
the intensity of the fatiguing tone. He further 
found that there was a pitch change corresponding 
to a sharpening and a flattening for the lower 
tones with a maximal alteration in pitch 
amounting to a semitone. 

To Ewing and Littler (1935) goes much of 
the credit for having firmly established the 
existence of the phenomenon. They were among 
the first to show that post-stimulatory fatigue 
was a function of the frequency, intensity, and 
that intensities well below the threshold of 
feeling could produce this change in threshold 
sensitivity (Hood, 1950), 

Jerger, Alford, and Coats (1966) conducted 

a study in which they explored the lower frequencies 

between 2 and 22 cps in an attempt to determine the 

critical sound pressure levels leading to a TTS 

after exposure of three minutes to these low pure 

tone frequencies. The subjects were exposed 



repeatedly to the three minute signals (2 to 22 cps) 

at 119 to 114 db. Results revealed that all of the 

first three minute exposures produced no observed 

effects, all of the TTS's occurred in the frequencies 

between 3000 and 8000 cps, and all TTS's (with one 

exception) were produced by sound pressure levels 

(SPL's) between 137-141 db (Jerger, Alford, and 

Coats, 1966). 

Results of the previous study revealed that 

stimulation by low frequency (2 to 22 cps) pure tones 

could produce a TTS in the frequencies between 3OOO 

and 8000 cps. 

Ward exposed subjects to a high-frequency 

noise of 2400-4800 cps at 100 db SPL for one hour. 

The high-frequency noise was either preceded or 

followed by a one hour exposure to a low-frequency 

noise between 600-1200 cps at 110 db SPL. It was 

found that both noises produced considerable TTS's 

at the frequencies just above the corresponding 

noise frequency (Ward, I96I). 

Studies conducted earlier by V/ard, et al. , 

(1959b), also revealed similar findings. It was 

learned that the low frequency noise (600-1200 cps) 

has a greater effect upon thresholds between 150O 



and 2000 cps, while the high frequency noise (2400-

4800 cps) has its greatest effect on 4000 and 6000 

cps (Ward, Glorig, and Sklar, 1959b). 

Experimental results tend to indicate that 

there are TTS's not only in the frequency in which 

the stimulation occurs, but there are also TTS's 

in the frequency ranges just above the fatiguing 

tone. 

Findings of earlier studies tended to result 

in similar conclusions. Davis, et al., (1943b) 

conducted an investigation of deafness resulting 

from exposure to very intense tones. Tones 100-140 

db above threshold were used. Duration of exposure 

ranged from one minute to one hour. 

A consistent finding was the fact that sensitivity 
for those frequencies below that of the fatiguing 
tone suffered little or no change while severe 
degrees of deafness amounting to 60 db or more 
were produced for frequencies above that of the 
fatiguing tone (cited by Hood, 1950). 

Ruedi and Furrer (194?)i in agreement with 

other investigators, found that "the greatest loss in 

sensitivity appeared not at the frequency of the 

fatiguing tone but around a region about half an 

octave above it" (cited by Hood, 1950), 

Luscher and Zwislocki (1949) also found that 

when a specific frequency was used in stimulation. 
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there were also TTS's in adjoining frequencies. 

A pure tone induces an elevation of the auditory 
threshold not only for its ov/n frequency, but also 
for neighboring ones. The adaptation spreads 
chiefly to higher frequencies than that of the 
stimulating tone at which it reaches a maximum. 
The maximum is more pronounced at high frequencies 
of the stimulating tone than at low ones (Luscher 
and Zwislocki, 1949). 

Stimulation by low level frequencies have 

been studied by several authors. Causse and Chavasse 

(1947) found that 30 db SL tones produced a TTS only 

if the frequency was above 640 cps (Causse and 

Chavasse, 1947i cited in Jerger, I963). 

Kylin (1960a) conducted an investigation which 

indicated that "low-frequency noise has considerably 

less capacity for producing a temporary threshold 

shift than high frequency noise." 

Ward reinforces the findings of Kylin con

cerning the effect of lov/ and high frequency stimu

lation on TTS. High frequency auditorv stimulation 

appears to create a faster TTS. Ward stated that 

one would expect that the growth of TTS with intensity 

would be more rapid for high-frequency stimulation 

than for low-frequency stimulation which indeed 

seems to be the case. It is quite evident that TTS 

is also influenced considerably by the frequency of 

the exposure stimulus. The generalization may be 



safely made that the higher the frequency, at least up 

to 6 Kc, the more TTS will be produced as a result 

(cited by Ward in Jerger, I963). 

The conclusion that a TTS appears to be produced 

more effectively from high-frequency exposure, instead 

of from low-frequency exposure, was further substan

tiated by Davis, et al., (1943a) who exposed subjects 

to 500-4000 cps tones at 110, 120, and 130 db for 

periods of 1 to 64 minutes. It was found that 1000 

and 2000 cps v/ere about equally effective in pro

ducing a TTS, but that 4000 cps was much more 

effective than the 1000 or the 2000 cps tones. It 

was also found that 500 cps was much less effective 

in producing a TTS than was a 1000 or 2000 cps tone. 

Davis pointed out another finding related to TTS at 

certain frequency levels, and that was that no 

significant TTS was produced for the frequency tones 

lower than the frequency level at which the auditory 

stimulation occurred (Davis, et al., 1943a). 

In other words, experimenters have found that 

auditory stimulation at a certain frequency may 

produce considerable TTS in that particular frequency 

as well as some TTS in the frequencies just above 

it, but no significant TTS's are produced in the 
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frequencies below the exposed frequency. 

Thus far it is apparent that higher frequencies 

have more capacity to produce TTS's than do lower 

frequencies (Kylin, 1960a). 

TTS RELATIVE TO INTENSITY AND DURATION 

A brief discussion of intensity and duration 

relative to TTS is also important. Is it valid to 

assume that the greater the intensity of the auditory 

stimulus the greater will be the resulting TTS? 

This conclusion may only be assumed correct in certain 

respects. Hood (1950) made some interesting observa

tions of TTS in relation to fatiguing intensity. 

It was found that the TTS increased slightly as the 

fatiguing intensity increased only up to a sensation 

level of approximately 95 db. Beginning at the 

"critical level" of 95 db, a marked TTS was noted 

with continued increase in the fatiguing intensity. 

An exception to the previous assumption that 

TTS increases with an increase in intensity was made 

known by Davis when his study revealed, "more 

intense tones usually caused greater hearing-losses, 

but one minute exposure to 2000 cycles may be less 

effective at 135 db than at 125 or I30 db" (Davis, 

et al. , 1943a). In other v/ords, a 2000 cps exposure 
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at 135 db could produce less TTS than the given ex

posure at 125 or 130 db. Research confirming this 

observation has been made by Ward (1962), Miller 

(1958), and Trittipoe (1958). 

Miller (1958) stated his findings concerning 

the relation of increasing exposure intensity to TTS 

in the following manner: 

As the intensity of the exposure stimulus is 
increased from a low value, temporary hearing 
loss remains at or near zero. With further 
increases in intensity, the amount of loss at 
first positively accelerates, and then increases 
linearily up to high intensities. At the highest 
intensities, temporary hearing loss may show no 
further increase, or it may, in fact, decline 
with an increase in the intensity of exposure 
stimulus (Miller, 1958). 

Miller observed an increase in TTS as the fatiguing 

stimulus increased only to a certain high intensity 

level, at which time the TTS tended to decrease with 

an increase in auditory stimulation. 

There is no set rule stating emphatically 

and precisely what the threshold shift will be each 

time the intensity is increased at a particular 

frequency. Trittipoe (1958) confirmed this idea in 

one of his studies in which he exposed his subjects 

to tones of 108, 118, and 128 db at 4000 and 6OOO 

cps for one minute. He concluded that: 
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There is, then, no general tendency for TTS 
either to level off or to decrease following 
exposure to higher sound levels; however, 
apparently, a very small minority of individuals 
will show a decreasing TTS with increasing 
intensity (Trittipoe, 1958). 

TTS RELATIVE TO VARIOUS NOISE BANDS 

Prior emphasis has predominantly been upon TTS 

induced by pure tones. Studies have been conducted 

in an attempt to determine what effect noise bands, 

rather than pure tones, have upon temporary threshold 

shifts. Kylin (1960a) attempted to determine the 

relationship between octave band noises and their 

ability to cause TTS's. An exposure time of two 

hours was used throughout the studies with SPL's 

ranging from ^S to 115 db. Results showed individual 

response variations in respect to the same stimulus. 

Kylin also found that: 

On the average, however, the maximal threshold 
shift after exposure to octave bands of noise 
seems to occur at test frequencies about half 
an octave above the geometric mean frequency 
of the exposure noise band (Kylin, 1960a). 

The above findings appear to agree with results 

obtained by other experimenters. 

The growth and recovery of TTS in normal 

subjects follov/ing exposure to octave band noise 

and broad-band noise was studied by Glorig, et al., 
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(1959b). Results indicated that both "the growth 

and recovery of TTS. . .following exposure to octave-

band noise is shown to follow the same course as that 

after broad-band noise: both are linear in log time" 

(Ward, Glorig, and Sklar, 1959b). 

An investigation v/as conducted by Ward in I962 

to determine the differences between pure tone and 

octave bands of noise as far as their ability to 

arouse a TTS. Ward concluded that pure tones will 

usually produce a greater TTS than will noise. He 

agreed, "that the differences in TTS-producing ability 

of tones and noises can be attributed mainly to 

their differences in ability to arouse the acoustic 

reflex" (Ward, I962). 

Pure tones in the lower frequencies produce 

a greater TTS than do corresponding octave bands of 

noise when both are at relatively the same intensity. 

The differences in TTS are explained by the difference 

in the ability of the pure tones and the noise to 

produce sustained reflex arousal of the middle 

ear muscles. Upon presentation of a pure tone, the 

muscles rapidly relax following an initial contraction. 

However, a more sustained reaction is produced by 

a noise, apparently the result of its random nature, 
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which continuously re-arouses the reflex. Therefore, 

more energy reaches the basilar membrane under the 

conditions of pure tone exposure (cited by Ward in 

Jerger, I963). 
^ 

RECOVERY FROM EXCESSIVE AUDITORY STIMULATION 

Most of the previous information has dealt 

with the production of temporary auditory threshold 

shift. It seems appropriate at this point to discuss 

the recovery from excessive auditory stimulation. 

Recovery is used to indicate the time necessary 

for the TTS to return to the same pure tone threshold 

level which was present prior to auditory stimulation. 

Recovery tends to progress quite rapidly at first and 

more slowly later. Since recovery tends to progress 

more rapidly at first, it has been observed that the 

rate of recovery which occurs may depend upon the 

recovery which took place during the R-1 recovery 

process or the first fast recovery process (Glorig, 

et al., 1959). Results of their own investigations 

as well as the results from studies by other re

searchers, led Glorig, et al., (1959) to the following 

conclusions: 

It is concluded that the course of recovery 
from TTS is uniquely determined by the value 
of TTS at 2 minute recovery} i.e., by the TTS 
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remaining after the first fast recovery process 
the so-called R-1 recovery process, has run 
its' course (Glorig, Ward, and Sklar, 1959). 

Individual differences appear to affect the 

difference in rate of recovery in different persons. 

Reference to this possibility has been made by Davis 

et al., (1943) when they stated: 

We believe that it is proper to think of a rate 
and type of recovery as fairly characteristic 
to be more an individual characteristic than 
a characteristic of the frequency, purity or 
duration of the sound to which the ear is 
exposed (Davis, et al., 1943a). 

Bronstein in 1936 noted that recovery may not 

progress at a smooth and continuous rate. Instead, 

a reversal in recovery may occur. "Sometimes after 

a first rapid recovery of threshold, the direction 

may reverse, so that at t=l minute the TTS may be 

greater than at t=30 seconds" (cited by Ward in 

Jerger, I963). 

HEARING ACUITY RELATIVE TO SEX AND AGE 

Comparative studies of hearing acuity of 

males versus females have been limited in number, 

although some differences between the sexes in 

hearing acuity have been explored. Concerning 

hearing acuity between the sexes, Kylin stated: 
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It is known from the literature that presbyacusis 
does not seem to affect the two sexes to the same 
extent; women have proved to have better hearing 
at ages above 20-30 years (Kylin, 1960b). 

Sex-difference patterns along with other 

available evidence, suggested to Hinchcliffe (1959) 

that there was no basic difference in the aging 

process as it affects the hearing threshold of the 

two sexes. Rather, he suggested that "any difference 

that exists in so-called 'male presbyacusis curves' 

is due to the effects of acoustic hazards" (Hinchcliffe, 

1959). 

Acoustic hazards, which have been previously 

mentioned, could have possibly included auditory 

exposure, such as is found in noisy industrial en

vironments, or acoustic trauma, possibly received 

from sudden loud noises. It is generally agreed that 

males usually encounter such noisy situations more 

often than do females. 

From previous studies concerned primarily 

with sex and age, it was suggested that "women 

have more sensitive hearing than men at high fre

quencies by the time they reach their 20's and that 

the difference increases with age" (Ward, Glorig, 

and Sklar, 1959a). In essence, experimental results 

appear to indicate that younger persons (below 20 
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years) have similar threshold growth and recovery 

rates when exposed to the skme noise. Extensive 

information regarding comparisons of growth and 

recovery of temporary threshold shifts between 

younger males and females and elderly males and 

females has yet to be collected. 

Some idea of the difference between the 

median thresholds for clinically normal males and 

females are presented in Table 1 (Hinchcliffe, 1959). 

TABLE 1 • 

DIFFERENCES BETWEEN THE IvffiDIAN MALE AND FEMALE 
"NORMAL" THRESHOLDS AT THE AUDIO-FREQUENCIES 

THAT SHOW A SIGNIFICANT SEX DIFFERENCE 

Age Group 
Frequency 

18-24 25-34 35-44 45-54 55-64 65-74 

2 kc/s 
3 kc/s 
4 kc/s 
6 kc/s 
8 kc/s 

0.0 
2.1 

3.5 
2.5 
0.0 

0.0 
4.3 
3.7 
1.7 
0.0 

0.0 
3.1 
7.3 
6.2 
3.8 

1.9 
8.3 
9.0 
11.9 
12.5 

3.4 
16.7 
18.4 
27.2 
28.8 

10.5 db 
21.1 db 
23.3 db 
17.0 db 
15.0 db 

Hinchcliffe concluded that the females tested 

revealed a decline in hearing threshold at each 

and every frequency from 125 c/s to 12 Kc/s inclusive 

For frequencies up to 500 cps, the rate of deteriora

tion was relatively constant, revealing a total 

":) 
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threshold shift of approximately 10 db from 20 to 70 

years of age. Above 500 cps, the rate at which 

deterioration occurred increased with frequency. At 

12000 cps an increase in age from 20 to 70 years 

might result in a hearing loss of 70 db or more. 

Hearing thresholds of males in the random sample 

differed significantly from the thresholds of a 

comparable series of female ears: at 3 to 6 Kc/s 

for the younger age groups, and extending from 2 

to 8 Kc/s for the older age groups as seen in Table 

1 (Hinchcliffe, 1959). 

This sex-difference pattern and other evidence 
suggests that there is no basic difference in 
the aging process as it affects the threshold 
of hearing of the two sexes. Any difference 
that exists in so-called "males presbyacusis 
curves" is due to the effects of acoustic 
hazards (Hinchcliffe, 1959). 

TTS OF YOUNG FEMALES VS. YOUNG MALES 

An investigation was conducted in which the 

TTS at 3000 and 4000 Hz from a 1200-2400 Hz noise 

was studied (Ward, et al., 1959). Exposures 

lasting one hour were presented to young males and 

females with a median age of 19 years. Results 

showed no significant differences between normal-

hearing young males and females with respect to TTS 
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after one hour's exposure to the same noise. The 

females showed slightly less TTS than the men, but 

the differences were not significant. The rates of 

growth and recovery of the tv/o groups appeared 

indistinguishable (Ward, Glorig, and Sklar, 1959a). 

PURPOSE 

The purpose of this study was to investigate 

temporary threshold shifts following excessive 

auditory stimulation. After carefully reviewing 

the literature and research related to temporary 

threshold shifts, it was apparent that a limited 

amount of information existed in the area of TTS 

relative to age and sex. Researchers have performed 

studies in which the TTS's resulting from auditory 

fatigue have been compared using younger groups of 

both sexes. Studies have also been conducted in 

which data has been collected comparing the thresholds 

of hearing acuity according to both age and sex. 

However, limited data is available at this time 

pertaining to induced TTS's as a function of age 

and sex. As a result, this writer was prompted to 

investigate whether or not auditory fatigue would be 

greater in older persons than in younger persons. 
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The hypotheses for consideration in this study 

1, A TTS will occur following a 3000 Hz 
stimulation at 105 db SPL for a three 
minute duration regardless of subject 
age. 

2. Under the conditions described in the 
first hypothesis, older subjects will 
indicate a greater amount of threshold 
shift than will younger subjects. 

Hopefully the information obtained from this 

study will aid future researchers and experimentalists 

who are interested.in learning.more about the loss of 

hearing acuity resulting from auditory exposure in 

old and young individuals. 



CHAPTER II 

METHODS AND PROCEDURES 

Man is constantly in search of information 

which will help him to better understand himself and 

the environment surrounding him. Challenges presented 

to man often lead him in search of those facts which 

ultimately provide him with a broader understanding 

of the complexities of which he is only a minute part. 

Whether the field under consideration is medicine, 

mechanics, or agriculture, it is possible to visualize 

man in his search for newer and better methods of 

performing tasks. For these reasons, researchers 

continue to explore man's ability to receive and 

interpret sound waves. The effect of prolonged 

auditory stimulation upon the ear is also the subject 

of extensive research. As v/as mentioned in the 

previous chapter, the purpose of this study was to 

investigate temporary threshold shift in subjects 

relative to age. 

21 ^ 
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INSTRUP/ENTATION 

The procedures and equipment used in this 

investigation were carefully selected and evaluated 

prior to onset and they are described in the re

mainder of this chapter. 

Audiometer 

A Grason-Stadler E-800 Bekesy type audiometer 

was used for presentation of the fatiguing tone and, 

also, for obtaining pre-fatigue and post-fatigue 

threshold tracings. 

The Bekesy type audiometer was equipped with 

a fast speed and a slow speed. The fast speed moved 

the pure tone oscillator output across two octaves 

per minute with an attenuation rate of 2,5 db per 

second. The slow speed, which was used in this 

experiment, crossed only one octave per minute with 

an attenuation rate of 2.5 db per second. Pulsation 

of the test stimulus at the rate of 2.5 interruptions 

per second was performed by properly setting the 

electronic switch control (Price, I963). 

The slow speed was selected after consideration 

of results obtained by Corso and Wilson (1957) which 

indicated that an attenuation rate of 5 db per second 
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produced a lower mean threshold than an attenuation 

rate of I.5 db per second. It was also found that 

thresholds obtained at the I.5 db attenuation rate 

were in closer agreement with the minimum audible 

pressure (MAP) values determined earlier by Sivian 

and White. 

Earphones 

A Grason-Stadler D 1, P7E43-T earphone was 

used to carry the stimulus to the test ear. The same 

earphone was used in each case'regardless of v/hich 

ear was being tested. 

Test Chamber 

Testing was carried out in an I.A.C. model 

403 SP sound chamber. Visual contact could be made 

between the subject and experimenter by way of an 

observation window in one wall of the test chamber. 

Calibration 

Calibration of the audiometer was checked 

before and after testing by means of an Allison 

Model 300 Audiometer Calibration Unit. The audio

meter was calibrated with the right or "red" ear

phone, since that was the only phone through which 

the stimulus was allowed to pass. 

( C 
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SUBJECTS 

The subjects used in this study fell within 

two different age groups; group one was 18 through 

24 years of age, and group two was 50 years of age 

and older. Group one consisted of ten female subjects 

18 through 24 years of age, while 10 subjects 50 

years of age and older were used in the second group. 

The mean age for the younger group of females was 

22.1 years, while the older female group had a mean 

age of 58,1 years. All subjects were expected to 

have hearing acuity within 30 db (ISO) at the 

frequencies of 3000 Hz and 4000 Hz. In each case 

the subject's better ear was tested, and the test 

ear had to be free of any known ear infections or 

pathologies. 

TESTING PROCEDURES 

Subjects used in the study were tested using 

the following procedure. The subjects entered the 

sound chamber and they were seated for testing. A 

pair of Allison earphones were placed on the subjects' 

head and a brief pure tone check of both ears was 

performed using an Allison 22 Research and Clinical 

Audiometer. The pure tone check of both ears was 

(L 
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performed in order to determine which ear was the 

subject's better ear. After the subject's better ear 

was determined, the earphones for the Allison audi

ometer were removed. A pair of Grason-Stadler D 1, 

P7E43-T earphones were put in place and testing was 

employed by means of the Bekesy type audiometer. Once 

the Grason-Stadler earphones were put in place, the 

earphones remained in position throughout the remainder 

of the investigation. In each case, the fatiguing 

stimulus was allowed to pass through only the right 

or "red" earphone. The ear having the best auditory 

acuity was exposed to the fatiguing tone. Instructions 

were given in each instance until the subject indicated 

that she understood what was required of her during 

the testing situation. 

Each subject traced her own thresholds using 

the Bekesy type audiometer. The pre-fatiguing tracing 

was made at 3OOO Hz for one minute duration and also 

at 4000 Hz for one minute duration, using the pul

sating stimulus tone which pulsated at the rate of 

2.5 interruptions per second. The slow speed was 

used in which one octave was crossed per minute with 

an attenuation rate of 2.5 db per second (Price, 

1963). 

~̂̂  
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After the pre-fatiguing tracing using the 

pulsating tone was completed, a continuous stimulus 

tone of 105 db SPL at 3OOO Hz was presented for a 

3 minute duration employing the same Bekesy type 

audiometer. Immediately upon completion of the 3 

minute fatiguing stimulus, a threshold tracing at 

4000 Hz, one octave above the stimulus tone, was 

again made for 4 minutes and 15 seconds. 

STATISTICAL DESIGN 
• • 

The decision was made to analyze the data 

utilizing an analysis of variance and employing a 

treatment by level design. A pre-determined level of 

significance for acceptance was set at .01 level of 

significance. 

According to Lindquist, the treatments by 

levels design provides for direct control of inter-

subject variations. 

In this design, the treatments are administered 
to samples that have been "matched" with reference 
to a "control" variable or variables... The 
major purpose of the experiment of this type 
is usually to determine if the treatments would 
have different average effects on the members 
of the specified population... A second purpose 
of the experiment may be to determine whether or 
not the treatments do have the same relative 
effects at all levels, that is, to determine 
whether or not there is any "interaction" of 
treatments and levels (Lindquist, 1953). 



CHAPTER III 

RESULTS AND DISCUSSION 

A discussion of the statistical analysis of the 

data supplied by the experiment will be made in this 

chapter. The data was analyzed by an analysis of 

variance employing a treatment by level design. 

RESULTS . 

The raw data from which the analysis was made 

appears in Appendix A. Table 2 shows the table of 

analysis and the F ratios which demonstrate sig

nificance. It is to be noted that two F ratios are 

significant at the .01 level. First, there is a 

significant difference in treatments (A), or, in other 

words, there is a significant difference in thresholds 

obtained prior to the presentation of the fatiguing 

tone, and thresholds obtained after the presentation 

of the fatiguing tone. The data from both subject 

groups is pooled in this particular analysis. 

Secondly, the interaction of the treatments by ages 

(A X B) is also significant at the ,01 level. There 

27 
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are 6 possible mean combinations that make up the 

A X B interactions. Inasmuch as the analysis does 

not indicate which mean or means is significantly 

different from any other mean or means, it was 

necessary to determine what the critical difference 

would need to be between means in order to ascertain 

significance, 

TABLE 2 

ANALYSIS OF VARIANCE 

Source SS df M/S F 

Among Subjects 1,240.15 19 
Between Ages (B) 197.13 1 197.13 3-40 
Residual I 1,043.02 18 57.95 

Within Subjects 1,346.21 20 
Treatments (A) 1,083.68 1 1,083.68 5^^.11"^ 
Interaction (AxB) 32.04 1 32.04 17.32* 
Residual II 33-36 18 1.85 

Total 2,586.36 39 

*Signifleant at the .01 level 

The formula employed for determining the 

critical difference between means was CD = t^oi ^ 

^^\ - M2 where CM^ - M2 = N 2 x CTŵ  and where 
n 

Ĉ Ŵ  = Residual II from Table 2. Using this formula 

the critical difference between means was determined 

to be 1.76. The actual difference between means were 
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computed, and the results are presented in Table 3* 

The results which are of significance are also indi

cated. 

TABLE 3 

CRITICAL DIFFERENCES BETWEEN THE MEANS 
OF THRESHOLDS BY GROUPS INTERACTION 

A2B1 A1B2 A2B2 

AiBi 12.20* 6.23* 14.85* 

A2B1 5.97* 2.70* 

A1B2 ' • 8.62* 

•^Difference in means exceeds the critical difference 
of 1.76 at .01 level of confidence. 

Thus far the statistical analysis of the experi

mental data has suggested that there was no significant 

difference between ages when viewed as two different 

levels of the experimental design. The interpreta

tion of Table 3 tends to suggest that differences 

between all possible mean combinations of the 

thresholds by groups (A x B) interaction under 

consideration are significant at the .01 level of 

confidence. 

Table 3 indicates a significant difference in 

the means of the threshold readings of both the 
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younger group (B^) and the older group (B2) before 

presentation of the 105 db SPL fatiguing tone 

(Â Bî , A1B2) and after the presentation of the 

fatiguing tone (A2B]̂ , A2B2). It would appear that a 

significant difference in thresholds existed both 

before and after hearing the fatiguing tone for both 

subject groups. In other words, the older group (B2) 

had poorer hearing than the younger group (B^) both 

before and after being exposed to the fatiguing tone. 

It should be noted that both groups had a significant 

threshold shift as a result of the three minute 

presentation of the fatiguing stimulus tone. There 

was also displayed a significant difference in the 

amount of threshold shift between the two groups. 

The pre-fatiguing threshold means and the 

post-fatiguing threshold means are illustrated 

graphically in Figure 1. 

Figure 1 shows less numerical difference in 

mean threshold after exposure than before between 

the two subject groups. Actually, Figure 1 suggests 

that there might even be less shift for the older 

group than for the younger group, but it should be 

kept in mind that the difference is not statistically 

significant and must be considered attributed to 
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chance. The pre-fatiguing mean thresholds at 4000 Hz 

for the younger group (B^) and the older group (B2) 

was 7.60 db and I3.83 db respectively with a mean 

shift of 13.20 db and 8.62 db respectively. The 

mean post-fatiguing thresholds for the younger group 

and the older group were 19.80 and 22.45 db respec

tively (Appendix A). 

X—younger subjects 
db o—older subjects 

25 
20 

15 
10 

5 
0 

Pre-fatiguing Post-fatiguing 
Threshold Threshold 

Fig. 1.—Showing thresholds for 
both subject groups at 4000 Hz. 

DISCUSSION 

The temporary shifts in thresholds obtained 

in this study at 4000 Hz varied significantly with 

the younger group having less shift than did the 

older group. These findings are similar to the 

findings by Loeb and Fletcher (I963). These authors 
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conducted a study in which they exposed "normal" 

hearing subjects of both sexes and of various age 

groups to 1200-2400 cps random noise at 100 db (SPL) 

for 12 minutes. The group of females who were less 

than 30 years of age had a greater TTS at 4000 Hz 

than did the female group 50-59 years of age. However, 

the previous researchers found that "shifts in thresh

old at 4,000 cps apparently did not vary in any 

significant way as a function either of age or sex" 

(Loeb and Fletcher, I963). 

One possible reason for obtaining a significant 

difference in TTS's between the two age groups in 

this study may have been due to the significant dif

ference in hearing acuity prior to the presentation 

of the exposure stimulus. A poorer pre-fatiguing 

threshold was found in the older group (B2) than in 

the younger group (B^) which may have caused the 

105 db (SPL) tone to be less "fatiguing" when heard 

by the older group, thus resulting in less TTS for 

that group. At any rate, there is no apparent 

evidence to indicate that susceptibility to an 

induced temporary hearing loss increases as a 

function of age. 

The writer feels that this was basically a 
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good study. It would seem appropriate to conduct this 

experiment again in much the same manner as was used 

in the study by this author, but with a fev/ revisions 

which seem worthy to mention. It would seem advisable 

to match the subjects according to their thresholds 

prior to presentation of the fatiguing stimulus. 

Matching the subjects more closely would allow a 

better comparison since the subjects would be grouped 

according to their initial thresholds taken prior to 

exposure by the fatiguing tone.- It may be benificial 

to use a larger number of subjects of various ages 

and of both sexes. The present author did not do 

this since finding subjects proved to be extremely 

difficult. 

It may prove to be advantageous if this study 

was performed utilizing both male and female groups 

of various age groups. The study was initially 

designed to include subjects categorized in the 

following manner according to age and sex: 

Group I - females 18-24 years of age 
Group II - males 18-24 years of age 
Group III - females 60 years and older 

Group IV - males 60 years and older 

Revisions were necessary after this experi

ment began due to unforeseen complications which 

developed in obtaining subjects for the above groups. 
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After the onset of the experiment, the age group of 

60 years and older was decreased to 50 years of age 

and above. This change in age was imperative due to 

a lack of interest in participation which often 

appeared so consistently in the 60 year and older 

age groups. Later developments prompted the v/riter 

to also eliminate both male groups from the study. 

As a result only two different age groups of females 

were used in the study. However, a number of male 

subjects 50 years of age and older were tested, but 

none of the subjects in that age group of males had 

hearing acuity which fell v/ithin the criteria set 

up for this study. 

In many cases the male's hearing acuity was 

well within normal limits at each frequency checked 

except for the necessary experimental frequencies 

of 3000 Hz and 4000 Hz. The older male group was 

frequently reluctant to participate in this study 

even though the examiner left the test time entirely 

up to the subject involved. For these reasons the 

older male group was eliminated from the study, 

thus leaving no other alternative except to also 

eliminate the younger male group. 

A pure tone stimulus was used because of 
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previous research findings which tended to indicate 

that pure tones usually produce a greater TTS than 

will noises (Ward, I962). Research findings by Hood 

appeared to indicate that TTS increases slightly as 

fatiguing intensity increases but only up to a sen

sation level of approximately 95 db, at which level 

a marked TTS was noted with continued increase in 

the fatiguing intensity (Hood, 1950). The previous 

findings by Hood led this experimenter to choose an 

intensity level of I05 db SPL. 

A stimulus presentation of 3OOO Hz was also 

chosen because of findings by earlier researchers. 

Ward indicated that high frequency auditory stimu

lation appears to create a faster TTS than does low-

frequency stimulation (Ward, cited in Jerger, I963). 

Kylin in I96O found that high-frequency noise has 

considerably more capacity for producing a TTS than 

does low-frequency noise (Kylin, 1960a). 

The amount of threshold shift was checked at 

4000 Hz one octave above the stimulus tone. This 

frequency was chosen because of previous experimental 

findings which tended to indicate that the greatest 
0 

TTS occurred in the frequencies above the frequency 

of the fatiguing stimulus. Ward found that noises of 
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600-1200 cps at 110 db SPL and 2400-4800 cps at 100 

db SPL produced considerable TTS's at frequencies 

much above the corresponding noise frequency (Ward, 

1961). Ruedi and Furrer (1945) found that the 

greatest sensitivity loss appeared about half an 

octave above the frequency of the fatiguing tone. 

(Hood, 1950) 

A midpoint mean of the ascending and descending 

Bekesy tracings v/as used in order to obtain the thresh

olds prior to the fatiguing tone and also after presen

tation of the fatiguing stimulus. The midpoint mean 

was utilized as a result of research findings by 

Price (1963) in which he found that: 

Differences between ascending and descending 
thresholds were not significant. A midpoint 
mean of slow speed sweep-frequency tracings 
appeared to be in better agreement with 
ascending and descending thresholds than were 
other points on the tracing (Price, I963). 

The hypotheses of this study are repeated at 

this point. They are as follows: 

1. A TTS will occur following a 3OOO Hz 
stimulation at 105 db SPL for a three 
minute duration regardless of subject's 
age. 

2. Under the conditions described in the 
first hypothesis, tbe older Subjects will 
indicate a greater amount of threshold 
shift than will younger subjects. 
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Consideration of the results obtained from the 

statistical analysis of the data prompts this experi

menter to not reject Hypothesis I, but to reject 

Hypothesis II. 



CHAPTER IV 

SUMMARY AND CONCLUSIONS 

This study v/as designed to investigate whether 

or not TTS resulting from exposure to a loud pure 

tone would be greater for older than for younger 

subjects. It was hypothesized that all subjects 

regardless of age would show TTS following exposure 

to a loud fatiguing tone, but it was also hypothesized 

that older subjects would show a greater amount of TTS. 

PROCEDURE 

Two groups of subjects 18 through 24 years of 

age and 50 years of age and older v/ere tested with 

10 females in each group respectively. The mean age 

for the younger group of females was 22.1 years of 

age while the older female group had a mean of 58.1 

years of age. All subjects were expected to have 

hearing thresholds within 30 db (ISO) at the 

frequencies of 3000 Hz and 4000 Hz. The subject's 

better ear was tested in each instance. » Using a 

Bekesy type audiometer, the experimenter traced each 

subject's threshold at 3000 Hz and at 4000 Hz for one 
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minute respectively using a pulsating stimulus tone. 

Upon completion of the tracings and prior to the 

presentation of the fatiguing tone, a continuous 

fatiguing stimulus tone of 105 db SPL at 3000 Hz 

was presented for 3 minutes by means of this same 

Bekesy audiometer. Immediately upon completion of 

the 3 minute stimulus, a threshold tracing at 4000 

Hz (one octave above the stimulus tone) was again 

made for 4 minutes and 15 seconds. 

RESULTS 

The data was analyzed using an analysis of 

variance and employing a treatment by level design 

with a pre-determined significance level of .01 

for acceptance. The scores analyzed were auditory 

' thresholds measured before and after exposure to the 

loud fatiguing tone. 

The F ratio of the analysis of variance among 

subjects was not significant. In other words, with 

both the pre-fatiguing and post-fatiguing tone data 

pooled, the subject samples performed similarly. 

/ There was a significant difference in threshold 

shift for both groups with the data for both groups 

pooled. Also, the groups by treatment (before and 

after) interaction is also significant, and the 
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significance is explained below. 

The initial auditory acuity varied significantly 

between the two age groups prior to the exposure of 

the stimulus at 30OO Hz. The younger female group 

(Bĵ ) had a significantly better pre-exposure thresh

old at 4000 Hz than did the older female group (B2). 

The younger group was superior in sensitivity by 

6.23 db prior to presentation of the fatiguing stim

ulus. The data does not suggest that the older 

group had more TTS than the younger group. 

CONCLUSIONS 

The conclusions drawn by this experimenter 

are stated below: 

(1) It would appear that TTS is not a respecter 

of age. Temporary threshold shift will occur in human 

subjects if the intensity of the fatiguing tone is 

great enough, regardless of the age of the subject. 

(2) It appears also true that the amount of 

threshold shift is related to age, that is to say, 

older subjects do not necessarily experience a 

greater amount of threshold shift than do younger 
o 

subjects; at least this is true as far as females 

are concerned. 
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(3) It would also appear that younger female 

subjects tend to have better hearing acuity both 

before exposure to a fatiguing tone and after 

exposure to a fatiguing tone, 

(4) There is no apparent evidence to indicate 

that susceptibility to an induced temporary hearing 

loss increases as a function of age. 
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APPENDIX A 

RAW SCORES FOR TWO SUBJECT GROUPS 
MEASURED IN DECIBELS 

EXPERIMENTAL LIST 
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Ai(4k) 
(Pre-fatiguing 
Threshold) 

6.2 
14.4 
5.4 
8.2 
14.1 

10.6 
1.2 . 
3.6 
4.6 
1.1 

Mean 7.6O 

14.9 
3.9 
7.5 
12.9 
23.9 
11.9 
15.7 
26.6 
12.0 

, 9.0 
Mean I3.83 

A2(4k) 
(Post-fatiguing 

Threshold) 

13.0 
30.0 
15.0 

15.5 
21.0 

19.0 
11.0 
23.0 
22.5 
28.0 

Mean I9.8O 

20.0 
18.5 
26.0 
18.0 
29.0 
16.5 
23.0 
34.5 
22.0 
17.0 

Mean 22.45 

Threshold 
Shift 

6.8 
15.6 
9.6 

7.3 
6.9 
18.4 
9.8 
19.4 
17.9 
20.3 

Mean 13.20 

5.1 
14.6 

18.5 
5.1 
5.1 
4.6 
7.3 
7.9 
10.0 
8.0 

Mean 8.62 
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