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THE EFFECTS OF NOISE EXPOSURE ON THE DETECTION OF WARNING
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Intreduction

The effects of exposure to intense noise on hearing sensitivity have been
extensively studied (Kryter 1970, Burns 1968), and it is generally agreed
that repeated exposures will cause a loss in hearing acuity. Elwood and
Forrest 1976 consider that the effect can best be described as a temporary
loss in hearing sengitivity with an accompanying permanent less which may
accumulate with repeated exposures.

An examination of the frequency spectra of certain types of warning sounds
{particularly those made by the movement of personnel in a military environ-
ment) showed most of the snergy tu be concentrated at high frequencies; it

is at these frequencies that temporary hearing losses have often been obsetved.
This suggested that a temporary hearing loss could present a significant
problem to the soldier whe is trying to detect the presence of persommel by

the sounds of their movement. A series of experiments have been conducted

to investigate the effects of noise—induced hearing losses on the detection

of warning sounds particularly in.s quiet background. The primary objectives
of the experiments were:-

i to devise a technigque to measure warning sound thresholds and to
evaluate its repeatibility

ii  to measure the temporary threshold shifts, for several warning
sounds, induced by an exposure to intense continuous noise

iii to investigate the existence of a correlation between pure tone and
warning sound thresholds,

Methods

The subjects sat in a small audiometric booth and used an automatie, discrete
frequency, Bekesy type audiometer, which had been modified to enable an
external signal to be substituted for the internally generated sine wave.
This allowed automatic measurement of the threshold of an external signal
{for example a warning sound) with a similar accuracy to that of a normal
audiogram. The seven sounds used in these experiments were chosen for both

. their military relevance and frequency content. The sounds were: a snapping
twig, & footfall in gravel, elicking stones, and the vocal commands "fire',
"stop”, "po" and "halt". Each sound was repeated once per second, using tape
loops, for a period of thirty seconds. The subject completed the audiogram
using the normal method of indicating when he gould hear the sound.
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In the initial experiment the subjects (twelve soldiers, mean age 26.3 years)
listened under monaural headphone conditions. There were four separate test
days. On the first and fourth days the subjects completed either a normal
(pure tone)} or a warning sound audiogram, followed after a 22 minute rest
period, by the other type of audiogram. Thus the subjects completed both

types of audiogram twice, allowing a preliminary estimate of the repeatibility
of the technique. The order in which the sudiograms were undertaken was
alrernated te give a balanced experimental design and also to reduce the magni-
tude of any learning effects.

On the second and third days both types of audiogram were carried out before
and after & 22 minute exposure to noise at a level of 103.5 dBA (that of an
Armoured Personnel Carrier running onm a metalled road). This noise was
relayed into the audiometric hooth via two Tannoy Devon loudspeakers. The
effects of this noise exposure (corresponding to a Leq of 90 dBA) on the
hearing sensitivity, both for pure tones and for warning sounds were assessed.

In the second experiment a different proup of twelve subjects completed both
types of audicgram under free field listening conditions in a small anechoice
room, The acoustic stimuli were the same warning sounds as before but -
third octave bands of noise were used instead of pure tones, The audioprams
were undertaken before and immediately after a 22 minute exposure to the
recorded APC noise at a level of 100 dBA. The tests were also conducted
before and after a 22 minute rest period. The tests were undertaken in a
random order.

Results

The Tesults from the first experiment are detailed below. The data from
eleven subjects were used to derive the mean results, as one subject could
not give consistent audiocgrams under the experimental conditions. The
results from the second experiment have yet to be fully analysed but a
preliminary investigation shows a similar pattern of results,

a Repeatibility

The data obtained on the first and fourth days were compared to
ensure that the hearing sensitivity of the group had not altered
during the experiment. Analysis, using Student's t-test, of the
mean results for seven pure tones, with each ear conaidered
separately (14 cases) showed only one situation in which the mean
difference was significantly different from zero {(at the 5% level).
Similar analysis for the warning sound data showed only three cases,
out of fourteen, where the mean differences were signiffcantly
different fram zeroc at the 5Z level. The mean detection levels for
warning sounds were consistently lower on the second test occasion
which, although not statistically significant, suggested a practice
effect.




Proceedings of The Institute of Acoustics

THE EFFECTS OF NOISE EXPOSURE ON THE DETECTION OF WARNING SOUNDS

b Temporary threshold shifts

Interpretation of the data from this part of the experiment is
difficult because of the limitations in measuring a time varying
shift in hearing sensitivity. 1In these experiments the thresholds
for different sounds were measured at different times post exposure.
The mean temporary threshold shifts are summarised in Tables 1 and 2.

c Correlations

Price and Hodge 1976, have developed a predictive model which takes
into account the spectral and temporal distribution of various sounds
of military importance and also the sensitivity of the ears detecting
them. This method is based on a critical band analysis of the sounds
and a 200 msec integration period.

This method is impractical under normal eircumstances thus it was decided to
investigate the existence of a correlation between warning sound threshold and
the threshold at the predominant fraequency within the warnming sound (or its
nearest audiometric equivalent), Using a least squares mechod to obtain the best
fit straight line the correlation coefficients of the individual data points
when fitted to the line ranged from 0.85 to 0.93, thus suggesting a good degree
of correlation.

Conclusions

The results indicate that it is possible to measure warning sound threshold with
the same accuracy as that achieved in pure tone andiometry and if sufficient
practice is given then similar repeatibility may be achieved.

The tests carried out on the second and third test occasions shew that a 22
minute exposure to APC noise at a level of 103.5 dBA can cause a mean threshold
shift of up to 6 dB for certain types of warning sound (measured 5 minutes post
exposure). This loss in sensitivity for the warning scunds can be considered as
a reduction in detection distance, under normsl conditions a 6 dB loss is equiva-
lent to a halving of detection distance.

The results hold out lirtle hope that it will be posasible to predict an
individual's warning sound TTS from a known noise exposure, although it may
be possible to achieve this for groups of subjects. It is propesed to extend
this study to include the measurement of the effects of temporary threshold
shifts on the localisation of various warning sounds.
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TABLE | Mean warning sound TTS measured at various times after a 22 minute
exposure to APC noise at a level of 103.5 dBA.

Left ear Right ear
Sound Mean SD Time Mean Sb Time

(dB) (mins) (dB) {mins)
"Fire" 2.3 5.6 0.25 3.4 6.0 3,75
"Stop" - -0.6 4,7 0.75 3.8 5.4 4.25
Snapping
twig 1.8 5.7 1.25 5.8 7.9 4.75
Footfall
in gravel 4.6 3.9 1.75 5.2 6.0 5.25
Clicking
stones 5.8 6.5 2.25 5.1 6.1 5.75
"Go" 3.6 5.7 2,75 5.5 3.4 .25
"Halt" 3.6 5.8 3.25 1.8 4.7 6.75
TABLE 2 Mean pure tone TTS measured at various times after a 22 minute

expasure to APC noise at a level of 103.5 dBA.

Left ear Right ear
Frequency Mean 5D Time Mean 5D Time
(kHz) £dB) {mins) (dB) {mins)
0.5 3.3 5.2 0.25 4,8 6.5 3.75
1.0 2.2 3.4 0.75 5.2 4.4 4,25
2.0 5.7 6.9 1.25 8.4 5.2 4.75
3.0 11.7 6.9 1.75 9.3 6.1 5.25
4.0 7.8 8.2 2.25 10.7 7.3 5.75
6.0 2.8 8.3 2,75 7.6 7.8 6.25
8.0 -2.7 7.4 3.25 8.4 6,2 6.75
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