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ABSTRACT

TEST-RETEST AUDIOMETRIC RELIABILITY IN
UNSELECTED SAMPLES OF ARMY PERSONNEL

OBJECTIVE

To determine audiometric reliability in two unselected s-iiples of

Army personnel.

METHOD

A mobile audiometric laboratory was used to test and retest the
hearing of protected basic combat trainees before and after firing a
machine gun and of tank mechanics before and after a weekend of rest.
Air conduction audiograms were used.

CONCLUSION

Audiometric reliability was high in both groups, leading to the
conclusion that a previous report of low audiometric reliability in
individuals tested before and after basic combat training-advanced
individual training should probably be interpreted as resulting from
permanent, noise-induced changes in auditory sensitivity.

V



TEST-RETEST AUDIOMETRIC RELIABILITY IN
UNSELECTED SAMPLES OF ARMY PERSONNEL

INTRODUCTION

Evidence from cross-sectional audiometric studies of Army person-
rel has indicated an increase in the incidence of premature hearing
loss over the past 15 years (1,2). In order to isolate some of the
factors underlying this increase, a series of studies was initiated on
the hearing of new trainees. The present study is part of this series.
Other reports in the series are Loeb, Luz, Sheidler, and Vanderhei (3),
Luz and Loeb (4), Loeb, Cameron, G. Luz, S. Luz, and Vanderhei (5), and
Luz, Decatur, and Thompson (6).

The current study--a report on audiometric reliability--was con-
ducted to answer questions raised by Luz and Loeb (4). In that report,
the audiograms of trainees measured at the end of advanced individual
training were compared with ones that had been measured for the same
individuais prior to the beginning of basic combat training. Two dif-
ferent samples were studied: (1) individuals retested at their orig-
inal post with the same equipment being used for both audiograms and
(2) individuals retested at other posts with different equipment used
for t.e two audiograms. The results--ind*cating that audiometric re-
liability was uniformly higher for the latcer group--were unexpected
and contrary to common sense. Thus, these results were interpreted as
due to some uncontrolled variable.

The source of the uncontrolled variable seemed to be the samipling
procedure. For the sample tested and retested at the original post,
nearly all of the individuals were recovered. Efforts were made to
seek out reluctant testees and bring them to the test site. i.In con-
trast, the sample tested at two different posts represented only a
third of the individuals known to be available. The group of individ-
uals was comprised of men who obeyed a written letter-request urging
them to report to the post audiologist for testing.

The observation of the differences in test-retest reliability be-
tween these two samples led to the formulation of two explanatory hy-
potheses: (1) Individuals who heeded the letter-.request tended to be
the more intelligent individuals and more adept at taking audiometric
examinations. For this reason, they show'd higher audicmetric relia-
bility than did the mLre complete sample. (2) Individuals who heeded
the letter-request teneo to be the more likely to observe safety reg-
ulations. As a result, Lnese individuals suffered less hearing loss
during trai~iing and, consequently, sho,ed higher audiometric reliabil-
ity. Althnigh there was no clear way to decide between these hypothe-
ses, there was some slight evidence in favor of the second; the more
select sample showed generally smaller (and less significant) decre-,
ments in the group mean audiogram than did the more complete sample.



The issue raised by the first hypothesis--that unselected samples
of Army personnel may lead to lower reliability of audiometric examina-
tions--seemed worth pursuing. If this is the case, then the recommended
programs in audiometric screening for noise-exposed Army personnel (7)
would be of little value (8). For this reason, audiometric reliability
was studied in two unselected samples of Army personnel exposed to noise.
The spacing between test and retest was shorter than that reported in the
16 week study of trainees conducted by Luz and Loeb (4) and little change
in auditory acuity was expected to occur during the period.

SAMPLE I: BASIC TRAINEES PROTECTED BY EARPLUGS

Methods and Material. The 42 men comprising the first sample were
drawn from three different companies of basic trainees. Only their right
ears were tested. The first audiograms were taken in the morning prior
to any noise exposure. The second audiograms were taken in -the late
afternoon about an hour after their last exposure. Subjects (Ss) were
warned that they would be retested and were advised to wear earplugs
during the day.

Exposures during the day consisted of one firing of a shoulder-held
missile, practice firing of a machine gun and, finally, a rapid-fire
course involving sporadic firing of the M-16 rifle. Since this exposure
came near the end of the training cycle, the Ss' ears had been exposed
to many other impulsive noises in the weeks before this exposure.

Testing was conductea with one of three audiometers: a Maico man-
ual (HI), an AR-J-4, or an ARJ-5 automatic audiometer from which thresh-
olds at 1000, L oO, 3000, 4300, and 6000 Hz were obtained and converted
to the standard of ISO (1964). These audiometers were housed in a trail-
er van insulated with sound-absorbing materials. Measurements of sound
levels inside the van indicated that noise levels were acceptable at all
test frequencies except 1000 Hz where the provisions of TB Med 251 (7)
were exceeded by 9 dB. Testing was carried out by a registered nurse
and a college-educated technician. Both had received on-the-job train-
ing in audiometry.

Results. Although mean threshold shifts of 1 to 3 dB.were observed
for the various test frequencies (Fig. 1), none of these differences
reached statistical significance when tested with a paired comparison
test. Product-moment correlation coefficients calculated for each fre-
quency ranged from a high of .92 for thresholds at 4 kHz to a low of .75
for 1 kHz. The other reliability coefficients were .87 at 2 kHz, .85 a'.
3 kHz, and .86 at 6 kHz.

Discussion. The reliability coefficients calculated on this unse-
lected sample of 42 trainees wpe much higher than those calculated for
the two samples of basic trainees reported by Luz and Loeb (4). Of
these three samples, reliability was lowest for the sample of 96 train-
ees who had been tested prior to basic training and retested with the
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L same equipment after advanced individual training. Reliability coeffic-
i ents for threshold measurements on this group ranged between .15 and- .44 over the I to 6 kHz region. Since the equipment and method of sam-
pling were the same for both the current group of 42 Ss and the formergroup of 96 Ss, the lowered reliability !ould appear t-o be due to thegreater amount of time intervening between the test and retest for the
fomer group of 96 Ss. During this time, significant changes in hear-
ing acuity were undoubtedly occurring, thus, changing audiometric re-
liabiIity.
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Fig. 1. Average thresholds for 42 Army trainees
before a day of firing (open triangles) and aftera day of firing (closed triangles) and for 29 tankmechanics before a week of work (open circles) andat the close of a week of work (closed circles).

SAMPLE II: TRAINED TANK MECHANICS

Methods and Material. The g men comprising the second sampe were

working as tank mechanics. Their ages ranged between 18 and 41 yearswith a median age of 22. Only two men were older than 30 years. Thesample comprised the entire work force of a high-status tank repair shop.
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Testing was conducted in the same van as for the previous samples.
Only the Maico manual audiometer was used. Thresholds for the right ear
were obtained at 1, 2, 3, 4, and 6 kHz by a registered nurse with on-the-
job training in audiometry.

Because there was reason to believe that some of the men were fail-
ing to utilize available ear protection during the testing of diesel en-
gines, audiograms were taken both before and after the weekend. The first
audiograms were taken before the weekend, the second after, the third be-
fore, and the fourth after the weekend.

Results. Six product-moment correlation coefficients were calcu-
lated for each frequency tested (Table 1). As in Sample I, the highest
coefficient--.90--was observed for 4 kHz (range of .79 to .90) with the
other two high frequencies falling close behind (range of .77 to .88 for
6 kHz and .80 to .86 for 3 kHz). The coefficients for the lower frequen-
cies tended to be smaller (range of .51 to .73 for 2 kHz and .54 to .76
for 1 kHz).

TABLE 1

Test-Retest Reliability of Mechanics on Four Consecutive Audiograms

Comparison Being Made
Frequency 1 vs 2 1 vs 3 1 vs 4 2 vs 3 2 vs 4 3 vs 4

1000 Hz .54 .75 .69 .72 .70 .76
2000 Hz .55 .64 .51 .62 .73 .64
3000 Hz .80 .84 .82 .83 .86 .81
4000 Hz .79 .84 .89 .87 .90 .86
6000 Hz .80 .82 .79 .88 .77 .83

The mean thresholds before the weekend were somewhat higher than
those after the weekend. The largest increase in sensitivity was 3.5
dB at 3 kHz. However, none of these threshold shifts were significant
wien individually analyzed by paired comparison tests.

Discussion. The range of coefficients for Sample II (.54 to .90)
was somewhat lower than the range for Sample I (.76 to .92) but still
much above the range for the complete sample of basic trainees (.15 to
.44) reported by Luz and Loeb (4). For four of the frequencies--2, 3,
4, and 6 kHz--the range of coefficients for Sample II also exceeded the
coefficients from the more reliable sample of Luz and Loeb (4). In view
of the high audiometric reliability for these two unselected groups of
personnel, it may be concluded that Army personnel have the necessary
skills to take audiometric examinations. Thus, the low test-retest re-
liability seen after exposure to the noise of basic and advanced individ-
ual training would appear to be symptomatic of permanent changes in hear-
ing acuity.
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