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SUMMARY PAGE

THE PROBLEM

To gtandardize an audiometric test in the octave 10-20
kiloHertz to relate to U.S. Navy selection procedures.

FINDINGS

Suggested standards are presented for the frequencies
8, 9, 10, 11, 12, 13, 14, 15, 16, 18 kiloHertz for a sam-
ple of 100 young healthy men in the U. 8. Naval Submarine
Service.

APPLICATION

For the use of otologists, audiclogists, and personnel
selection groups interested in the use of high-frequency
audiometry as an index of early damage o the ear due to
noise, disease, etc.; and those groups interested in select-
ing individuals in the Navy who are especially acute in the
highest aundible octave.

ADMINISTRATIVE INFORMATION

This investigation was conducted as a part of Bureau
of Medicine and Surgery Research Work Unit MF12. 524.
004-9010D - Optimization of Auditory Performance in
Submarines. The manuscript for the present report was
approved for publication on 11 February 1970, and desig-
nated as Memorandum Report No. 70-2. The present
report is No. 9 on this Work Unit.
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ABSTRACT

Both ears of 100 young healthy candidates for Subma-
rine Service, aged 17-23 years, normal by otoscopy but
otherwise unselected, were given Bekesy-type audiometry
through 18 kiloHertz. Minimum audiole pressures were
obtained comparable to those from a published study on
adolescent males; there is also correspondence with the
British Standard for young adults up to 15 kiloHertz. 1t is
suggested that the time is approaching for standardizing
audiometry in the octave 10-20 kiloHertz using all available
data.







TENTATIVE AUDIOMETRIC HEARING THRESHOLD LEVEL STANDARDS
FROM 8 THROUGH 18 KILOHERTZ

1. INTRODUCTION

in a recent comparison! of seven systems for de-
termining absolute hearing thresholds, either mini-
mum audible ftelds {(MAF) using loudspeakers, or
minimum audible pressures (MAP} using earphones,
it was found that any of several systems could yield
acceptably reliable and valid data, though preference
could be given to some systems over others.

Of the MAP systems used, the preferable was the
TRACOR, Inc., unit developed by Dr. Wayne Rudmose,
a Bekesy-type fixed-frequency audiometer with the
additional restriction applied here that the garphone
should not be held in the hand by 8 but should bhe more
rigidly coupled to the ear with 2 headband and a
universal-joint mounting.

The subjects for these comparisons were trained
laboratory observers, with some mild hearing losses
represented, and could not for either of these
reasons serve in any way as a standardizing group for
a population of young, healthy and aundiometrically-
naive men. This study reports initial data on the
Rudmose audiometer for 2 group of 100 otoscopically
normal young sailors.

0. METHOD

Subjects. Of the first 111 generally healthy sailors
referred to this facility for hearing testing in connee-
tion with a long-range study of the effects of subma-
rine duty on hearing and other bodily variables,
eleven were not otoscopically normal or were in need
of ear wax removal. Results for the remaining sub-
jects (200 ears) are summarized here. Thbe model
age was 21 years, range 17-23 years.

Workspace and Apparatus. 8 sat in an anechoic cham-
ber of 13,392 cu. ft. with the earphone fitted to the
ear, and held the andiometer’s microswitch in his
hand. The audiometer provides tones of 4 - 18 kHz
in 1-kHz steps, omitting 17 kHz. An interrupted tone
is on for 30 sec while 8§ traces his threshold, then it
automatically steps to the next higher frequency. The
transducer is actually a high quality microphone,

with a smwall ¢ylindrical horn fitted with an olive for
coupling to the ear canal. We constructed locally a
light headband with two small universal joints allow-
ing E and S together to position the olive in the canal.

In calibration, the andiometer is set to maximum
output and the tip of the cylindrical horn attached to
the earphone is made to look directly into the face~
plate of a Bruel and Kjaer 1/4~inch microphone, the
two spaced 1/32 inch apart. Table 1 gives the SPL
at "0" on the audiometer card for this particular
unit by this calibration procedure.

Procedure. $s had previously had a group andiometer
examination by the tone-burst technique covering the
range 0.5 - 8 kHz, but had had no experience with high-
frequency andiometry. Some had had experience

with tracking audiometry at Armed Forced Examina-
tion Stations. They were taken one by one into the
anechoic room and given verbal instructions as to the
use of the handswitch and as to the criterion of
audibility for the pulsed tones. Both men cooperated
in fixing the olive firmly and yet comfortably in the
meatus, where it remained untouched while that ear
was being tested- Right and Left ears were counter-
balanced across Ss. Each 8 was given a practice of
2 min (4-9 kHz} and the traced thresholds watched
carefully by E. In case 8 needed more practice he
would have been given it.

III. RESULTS AND DISCUSSION

Average thresholds are in Table 1 and are plotted
in Figure 1. Variability is also entered in Table 1
and in Figures 2- 3.

The distributions of acuity in Figures 2-3 leave no
doubt that such thresholds are essentially normally
distributed, with a few cases of real hearing loss
represented. A check of the median thresholds in
Table 1 shows good correspondence within a few dB
with the mean thresholds; however, because of the
glight skew of the distributions of Figures 2-3 on the
hearing loss side, the median is the preferable
measure.

The flrst frequency upwards from 8 kHz of which
the mean is different on a statistically significant
basis from that of 8 kHz is 13 kHz, at which fre-
quency the thresholds rapidly deteriorate.
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Fig. 1: Average thresholds in SPL compared with
two previous studies.




TABLE 1: SOUND PRESSURE LEVEL AT '"0" ON THE TRACOR, Inc. BEKESY HIGH-FREQUENCY
AUDIOMETER, TOGETHER WITH THRESHOLDS FOR 100 YOUNG MEN

Frequency in KiloHertz

8 9 10 11 12 13 14 15 16 18
SPL at "0" ~-5.5 7.0 -0.3 -4.5 -5.0 2.6 1.4 5.0 5.3 26.5
M.ean Threshold in SPL -0.28 | 7.42 5.45 2.73 6.30 | 19.25 [23.92 | 30.65 | 33.55 | 74.15
Standard Errorl»\/h.l 0.94 | 0.96 0.90 0.99 1.11 1.47 1.53 1.71 1.76 1.55
Median Threshold in SPL | -3.0 4.7 2.2 0.0 2,0 13.1 18.1 24.5 29.0 72.5
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Fig. 2: Cumulative distributions of thresholds for
the frequencies 8-11 kiloHertz

These data can best be compared with those from
a group of 30 males (60 ears) aged 11-18 years,
given tests with the same type of audiometer=.
Figure 1 compares the two sets of medians. The
correspondence is rather close as to the form of the
curve, with an unexplained discrepancy of about 20
dB at 16 kHz. These data are also not greatly dif=-
ferent from the British 1954 Standard Monaural
Minimal Audible Pressure (MAP) based largely on the
work of Dadson and King3 through 15 kHz. Tt would
seem that some standardization may be nearer than
would have been deemed possible a few years ago.
The present data are offered as another step in that
direction.

IV. SUMMARY

Both ears of 100 young healthy candidates for
Submarine Service, aged 17-23 years, normal hy
otoscopy but otherwise unselected, were given
Bekesy-type audiometry through 18 kHz. Minimum
audible pressures were obtained comparabie to those
from a published study on adolescent males; there is
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Fig. 3: Cumulative distributions of thresholds for
the frequencies 12-18 kiloHertz

also correspondence with the British Standard for
voung adults up to 15 kHz. It is suggested that the
time is approaching for standardizing audiometry in
the octave 10-20 kHz using all available data.
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