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Using the relative octave band levels obtained by Botsford [Sound Vib. 3, 16-28 (1969)] for various noise
spectra, it is possible to calculate the 4- and C-weighted sound levels of typical noises just meeting the
requirements of ANSI S3.1-1977. Such a calculation indicates an A-weighted sound level of
approximately 15 dB is required to meet the maximum permissible octave band levels for testing at
audiometric zero in the ears-not-covered condition. For the average typical curves shown by Botsford, the
calculated A -weighted sound levels range from 14.0 to 16.5 dB. For the case where the ear is covered by
an earphone mounted in an MX-41/AR cushion, an A-weighted level of 22 dB or less appears to be
required. For applications requiring determination of hearing threshold down to the conventional upper
limit of “normal hearing,” (25 dB HL) the corresponding A -weighted noise levels are 40 dB for sound
field testing and 47 dB for earphone testing.

PACS numbers: 43.66.Cb, 43.66.Yw, 43.66.Sr

Botsford (1969) studied the octave band analyses of most noises. Botsford (1973) later presented curves of
953 noises which he group according to the difference the average relative octave band levels corresponding
(C-A) between the calculated A- and C-weighted sound to the noises in each of seven C—A groupings.
levels. He then calculated the Perceived Noise Levels,

Speech Interference Levels, Damage-Risk Criteria, Following a similar line of reasoning, it is possible
etc., corresponding to the octave band analyses of the to calculate the A- and C-weighted sound levels cor-
individual noises. These calculations denomstrated responding to each of Botsford’s curves after the values
that the A-weighted sound level meter readings could have been adjusted in level to just meet the maximum
provide an accurate gauge of the human response to allowable octave band level requirements of the new
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standard for audiometer room noise (ANSIS3. 1-1977).
Figure 1 illustrates the procedure with a range of noise
types likely to be encountered around an audiometric
test facility. The solid line represents a smooth curve
drawn through the maximum octave band levels permis-
sible when testing at 0-dB hearing threshold level under
the ears-not-covered condition. The other curves rep-
resent the average octave band levels for Botsford’s
C-A groupings of 0, 2, 5, 10, and 15 dB. In each case,
the vertical position of the curve has been adjusted to
just meet but not exceed the curve representing maxi-
mum permissible octave band levels. Table I lists the
calculated A- and C-weighted levels for each of the
noises. Note that the total range of the A-weightednoise
levels is less than 3 dB. It is apparent that an 4-
weighted noise level below 15 dB will generally meet
the requirements of the new standard for the ears-not-
covered (field audiometry or unoccluded bone conduction
testing) condition.

A similar procedure was carried out for the condition
where the ears are covered with an earphone mounted
in an MX-41/AR cushion. The results are shown in Ta-
ble II. In this case, there is a substantially larger
spread of values but it appears that an A-weighted sound
level of 22 dB or less (or a C-weighted level of 30 dB
or less) will generally insure an adequate room for ear-
phone audiometry. Apparently the C scale of the sound-
level meter would be more useful for assessing ambient
noise during earphone audiometry. This comes about
because the noise attenuation of the earphone cushion is
greatest in the high-frequency region where the A-
weighted response of the sound-level meter is greatest.

The maximum allowable levels in the new standard
were designed so that “the average normal hearing lis-
tener will produce a threshold free of significant effect
from the ambient noise.” The allowable effect in this
case was a 1-dB increase in threshold above the ac-
cepted reference hearing threshold levels. In many
cases where the audiometer is to be used for screening
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TABLE I. Allowable room-noise levels for “‘ears-not-cov-
ered” condition.

Allowable Allowable
A-weighted C-weighted

C=A level level

(dB) (dB) (dB)

0 14 14

2 14,4 16,4

bl 16.5 21.5

10 16.2 26.5

15 16.5 31.5

purposes or the selection of hearing aids, accurate
threshold determinations may not be required below 25-
dB hearing threshold level. In such cases, the standard
specifies “the maximum.allowable ambient noise levels
for test conditions which exceed the reference threshold
levels may be calculated by arithmetically adding the
amount by which the minimum acceptable test hearing
threshold levels exceed the reference hearing thresh-
old levels at each test frequency.” If the minimum ac-
ceptable test hearing threshold levels are set at 25 dB,
i.e., at what is normally considered the upper limit of
“normal threshold, " then the allowable A-weighted noise
levels become approximately 40 dBA and 47 dBA for

the ears-not-covered and ears-covered conditions, re-
spectively.

Sound level meters of at least type 2 quality (ANSIS1.4
1971) may be used instead of octave or one-third-octave
band analyzers to quickly and routinely check the ac-
ceptability of an office, classroom, or closet for thresh-
old determinations af flie time of nuse.

However, it is emphasized that the use of a sound-
level meter for this purpose involves the assumption
that the background noise has a reasonably smooth spec-
trum and that it falls generally within the range of typ-

30
[/ Maximum Allowable
d"‘: 20 ~—.. Octave Band Levels;
>~ Ears Not Covered \
w = ,
-9 = ———
o J— —
—
g ~ T A-WEIGHTED
g N [o] = oo a" ;_Sfol-:g_os FIG. 1. Estimation of allowable
N e TN e T~ A-weighted ambient noise levels
g |, —— _- -~ \\- --\ \w*__ S~ o 4.0 for audiometric testing to O-dB
-J . - ' )
= % /// el N NG T2 4.4 HTL with uncovered ears,
59 oL _- NN
% - ~ 5 6.5
— —_ e, -~
o ___ \ 10 16.2
x_&.-
-10 1 1 L 1 1 15y 16.5
| .2 5 | 2 5 10
FREQUENCY IN kHz

J. Acoust. Soc. Am., Vol. 63, No. 5, May 1978



1635 Letters to the Editor

TABLE II. Allowable room-noise levels for TDH-39/MX-41
AR earphone audiometry.

Allowable Allowable
A-weighted C-weighted

C=A level level

(dB) (dB) (dB)

0 31.7 31.7

2 27.2 29.2

5 24,5 29.5

10 21,7 31.7

15 21,1 36,1

ical noises as illustrated in Fig. 1. Botsford (1973)
states that “These curves can be used to predict the
levels of five of eight octave bands within 3 dB for two-
thirds of all real noises.” This statement indicates that
while most environmental noises fall within this range,
some do not. In at least half of all cases the effect will
be to cause the sound-level-meter reading to read too
high. Inthe remainder, when the sound-level meter
underestimates the masking that might be produced by
the noise, the error will usually be caused by a concen-
tration of energy in a particular frequency region. In
many cases, this energy concentration will be audible
as a whistle, screech, hum, or a noise with an iden-
tifiable pitch. Such audible concentrations indicate the
need for a more detailed narrow-band analysis. If this
is not possible, it should be determined whether pure
tones with pitches similar to that of the ambient signal
are audible to the normal hearing listener at the criteri-
on threshold level in that environment.

All measurements made in bandwidths wider than a
critical band are subject to errors caused by concen-
trations of energy within particular regions in the anal-
ysis band width. The magnitude and the likelihood of
occurrence of this potential error increases with the
analysis bandwidth. Nevertheless, it is felt that the
method described herein is adequate for many routine
applications such as screening for possible test loca-
tions, monitoring test locations where noise levels vary
over time, or assessing the adequacy of locations of con-
venience or necessity such as homes, offices, nursing
homes, school rooms, etec., for certain noncritical
hearing testing or when no alternatives exist.

The authors believe the following statement is justifi-
able:

An ambient noise level of less than 40 dB 4 will, in
most instances, allow accurate sound-field thresh-
old determination down to the upper limit of “nor-
mal threshold, ” i.e., down to a 25-dB hearing lev-
el, at the audiometric frequencies of 125-8000 Hz.
This criterion should only be applied when no prom-
inent tonal-like components (whistle, screech, hum,
etc.) of the noise are audible. A room just meeting
the 40-dB A limit may allow accurate thresholds to
be obtained below 25-dB hearing level at some fre-
quencies, depending on the exact spectral charac-
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teristics of the noise, but the determination of that
fact would require a more sophisticated, narrow-
band noise analysis. With unusual distributions of
the ambient signal spectrum, thresholds in some
frequency region(s) may be elevated above those
predicted. Should audible whistles, screeches,
hums, or tonal-like noise suggest the possibility of
such an ambient signal, a more detailed analysis
should be performed, or the thresholds of normal
hearing persons should be ascertained in the pres-
ence of that signal.

When earphone audiometry is to be used, the same
statement would apply, changing the 40 dBA to 47 dBA
(or 55 dBC) in each case.

As a check on these results, the authors have calcu-
lated the hearing loss—with reference to the ISOR226-
1961 recommended values [or normal minimum audible
field—corresponding to the average 43-dBA residential
noise level found by Seacord (1940). The average room-
noise spectrum levels (which most nearly correspond to
Botsford’s C-A=5-dB curve) measured by Hoth (1941)
and reported by Fletcher (1953), and the Fletcher criti-
cal band levels given in ANSI S1. 13-1971, were used for
these calculations. The results of these calculations in-
dicate that the masking effect of typical residential room
noise produces a nearly uniform 23-dB hearing loss
across the 250-4000- Hz speech frequencies. Thus, the
average hearing loss typically produced by the masking
effect of a 40-dBA room noise would be 20 dB. Similar-
ly, the calculated loss produced by a typical 40-dBA
noise with C-A =10 dB (see Fig. 1) ranged between a
minimum of 17 and 25 dB across the frequencies from
the 250 to 4000 Hz, with an average value of 22 dB.

Subtracting 15 dB from the A-weighted noise level in
a room provides a rough estimate of the maxinium
threshold elevation produced by that noise. Alternate-
ly, subtracting 20 dB produces a rough estimate of the
average threshold elevation produced by that noise. The
latter is the same rule of thumb suggested earlier by
Killion (1976) for assessing the effect of microphone
noise levels.
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