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Some correlation has been found in literature between the amount of mild hearing impairment and lowering of
performance in listening tasks. The relationship between measures of hearing acuity and performance in listening
tasks in the population of normally hearing subjects has not found a solid evidence. In this work six one-parameter
measures of hearing acuity based on audiograms, including three originally proposed by the authors, were used
to investigate whether a relationship between those measures and listeners’ performance existed. The results
of six listening tests were investigated, three with speech, two with musical excerpts and one with everyday
sounds. The results showed no correlation between hearing acuity and performance, with the exception of ev-
eryday sounds, where some correlation was found. No significant differences between the measures used were found.
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1. Introduction

Several one-parameter measures derived from the re-
sults of standard audiometry have been in use. Most of
them are suited to evaluate the ability to comprehend
speech. They are usually derived as an average of posi-
tive threshold values in middle frequency bands, crucial
for speech. Often used methods employ three or four
bands in the better ear, while the Fletcher method [1]
used only two bands out of 0.5, 1, and 2 kHz, and took
the average of the two smallest values of loss. Fletcher
argued that his method was superior, especially for “non-
-flat” audiograms. The “AMA” (American Medical Asso-
ciation) formula gives the percentage of hearing loss. It
has undergone several modifications and is suitable for
impairments greater than 25 dB on the average in fre-
quency bands 0.5, 1, 2, and 3 kHz [2].

A relation between the results of pure tone and speech
reception tests has been of interest of audiologists [3, 4].
Carhart [3] found a correlation of 0.59 between the AMA
formula (of 1947) and speech reception threshold (SRT)
and a correlation of 0.69 between a method based on the
average from three frequencies and the SRT. Siegenthaler
and Strand [4] found even higher correlations between 0.7
and 0.8. Both these analyses were carried out on patients
treated at hospitals, with very mild to profound hearing
impairments. The effect of hearing impairment on speech
reception is easily accounted for. It is of interest however,
whether there is any relationship between hearing acuity
and the results of listening tests for listeners with normal
hearing.

* corresponding author; e-mail: kleczkow@agh.edu.pl

It is usually accepted that only listeners with normal
hearing should participate in listening tests [5]. A rule in
psychoacoustic experiments with normally hearing sub-
jects is that they should have audiometric thresholds bet-
ter than 20 dB HL at octave frequencies from 250 through
8000 Hz. Some research centres set a lower threshold: 15
or even 10 dB. Some works have investigated the effect
of hearing acuity on the results of listening tests in au-
dio. In Refs. [6, 7] a two-parameter, audiogram-based
measure of hearing acuity was used: the average for fre-
quencies below 1 kHz and for frequencies from 1 kHz
above. Listeners including those with mild hearing im-
pairment rated the quality of loudspeakers [6]. Correla-
tion (r = 0.65) between standard deviation of answers
and listeners’ hearing threshold was found below 1 kHz,
but no correlation (r = 0.1) above 1 kHz. In a similar ex-
periment, participated only by subjects fulfilling a 15 dB
margin rule, that effect was not confirmed [7]. In some
other works ([5] and references therein) no clear relation-
ship between hearing acuity and the performance in the
assessment of digital audio coding systems was found. In
Ref. [8] the authors assumed that evaluation of subtle
audio coding artifacts required particular acuity at fre-
quencies over 4 kHz. They examined a group of listeners
chosen as expert listeners with specific criteria and found
that half of them had better but the other half had worse
high frequency audiometric thresholds than the popula-
tion’s average.

In this work six one-parameter measures of hearing
acuity based on audiograms were used. Three were origi-
nally proposed by the authors. The effect of the threshold
of hearing on performance was investigated by analysing
the results of six listening tasks. Three of them con-
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sisted in speech recognition and the other three consisted
in recognition of subtle differences in audio. The panel
of listeners included the percentage of those with for-
mal mild hearing loss that is typical for the population
of young listeners: 8%, but their 20 dB thresholds were
just exceeded.

2. Method

The following six one-parameter audiogram-based es-
timates of hearing acuity were used in this study (for all
estimates, the value for the better ear was assumed).

(1) The average of audiometric thresholds in frequency
bands: 0.5, 1, 2, and 3 kHz, only for positive values (de-
ficiencies in hearing). In cases of negative values 0 was
agsumed. This estimate has the same basis as the AMA
formula. It was further abbreviated as: AAM4flo, for
Audiogram—Average Mean 4 frequencies, losses only.

(2) The average of audiometric thresholds in frequency
bands: 0.5, 1, 2, and 3 kHz, including negative values,
abbreviated as: AAMA4f.

(3) The average of audiometric thresholds in frequency
bands: 0.125, 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, and
8 kHz, including negative values. In this estimate, for
each frequency either the threshold of the left or right
ear was taken, whichever was lower. It was abbreviated
as: AAMaf.

The next three estimates were designed by the authors
in order to find out whether there is a relationship be-
tween “flatness” of the audiogram and the efficiency of
hearing. The standard deviation of hearing thresholds
was used as a natural measure of “flatness”.

(4) Standard deviation of audiometric thresholds in fre-
quency bands: 0.5, 1, 2, and 3 kHz, only for positive val-
ues. In cases of negative values 0 was assumed. This was
abbreviated as: AASDA4flo.
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(5) The average of audiometric thresholds in frequency
bands: 0.5, 1, 2 and 3 kHgz, including negative values,
abbreviated as: AASDA4f.

(6) Standard deviation of audiometric thresholds in all
frequency bands listed in (3), including negative values,
abbreviated as: AASDaf.

Estimates (1), (2), (4) and (5) are adequate for speech
signals, while estimates (3) and (6) are adequate for non-
-speech broadband signals. The list of estimates and ab-
breviations is given in Table I.

Complete audiograms of 51 subjects, all of them stu-
dents of Acoustic Engineering major at the AGH Uni-
versity of Science and Technology, were obtained in the

same conditions.
TABLE I
The list of audiogram-based estimates of hearing acuity
with abbreviations.

Abbreviation Method of audiogram averaging

1 | AAMd4flo Audiogram-Average Mean 4 fre-
quencies, losses only

2 | AAMA4f Audiogram-Average Mean 4 fre-
quencies

3 | AAMaf Audiogram-Average Mean all fre-
quencies

4 | AASD4flo | Audiogram-Average Standard De-
viation 4 frequencies, losses only

5 | AASD4f Audiogram-Average Standard De-
viation 4 frequencies

6 | AASDaf Audiogram-Average Standard De-
viation all frequencies

TABLE II

Correlation coefficients for the relationship of performance in the listening task vs. estimate of hearing
acuity. Asterisks denote statistically insignificant correlations.

Type of stimulus / Type of audiogram average
Number of participants AASDaf | AAMaf | AASD4f | AAM4f | AASD4flo | AAMdflo
Individual words / 22 0.249™ —-0.2117 —0.015" 0.063™ 0.087" 0.203*
Triplets / 19 0.191* —0.127" 0.157" —0.019" 0.027" 0.095"
Words in triplets / 19 0.092* —0.143" 0.092* —0.056" —0.013" 0.052*
Two instruments / 17 0.135" 0.202* —0.118" 0.417" 0.154" 0.478
Saxophone plus noise / 19 0.147* 0.101* —0.013" 0.203* 0.137* 0.133*
Everyday sounds / 23 —0.473 —0.380 —0.247" —0.377 —0.395 —0.310"

The subjects participated in six listening tests. The
numbers of participants in each test are given in Table II.
All of the tests were parts of other research (not yet pub-
lished). Three consisted in the recognition of speech in
babble noise. In one test, individual words out of the list

of 21 spoken by one female speaker were presented at the
background of white noise shaped in frequency accord-
ing to the spectral envelope of the speaker’s voice. This
test is further denoted as “individual words”. In another,
triplets of words were presented against a background
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“babble” noise which was a fragment of a signal consist-
ing of 5000 words spoken by the same female speaker and
randomly scattered over a period of 10 s. In this test, two
sets of results were calculated: rate of recognition of in-
dividual words (further denoted as “words in triplets”)
and rate of recognition of entire triplets (“triplets”). The
psychophysical method of constant stimuli was used in
those tests, and the speech-to-noise ratio was varied in
steps of 1.5 dB.

In the other three tests non-speech stimuli were used:
music excerpts and everyday sounds. In those tests, the
task was to recognise a subtle effect introduced by a
specific type of processing, consisting in the removal of
any spectro-temporal overlap between sounds from dif-
ferent sources [9]. This effect is perceptually similar to
the effects sometimes audible after digital coding of au-
dio. In the first of these tests the removal of spectro-
-temporal overlap was applied to a mixture of a saxo-
phone and a synthesizer sound (further denoted as “two
instruments”), in the second to a mixture of a saxo-
phone sound and specifically added white noise (“saxo-
phone plus noise”), in the third to a mixture of every-
day sounds: the rattling of dishes plus rippling of wa-
ter (“everyday sounds”). In those three tests the “same-
-different” scheme was used within the “one alternative,
forced choice” (1AFC) paradigm, where the stimuli were
presented in pairs: original and processed. The task of
the listeners was to decide whether the stimuli in a pair
were the same or different.

3. Results

For each of the six types of listening tasks and for each
of the six hearing acuity estimates a functional relation-
ship was drawn: performance in the listening task mea-
sured by percent correct answers vs. hearing acuity esti-
mate. For each of those relationships the correlation coef-
ficient was calculated. The results are shown in Table IIL.
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Fig. 1. The relationship between results of the test “in-
dividual words” and hearing acuity according to AAS-
Daf parameter as described in Sect. 2.
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Fig. 2. Asin Fig. 1, but for AAMaf parameter.
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Fig. 3. Asin Fig. 1, but for AASDA4f parameter.

The results are presented graphically for all relation-
ships based on “individual words” (Figs. 1-6). Some other
relationships are presented in Figs. 6-12. The linear re-
gression fits to data points and values of correlation are
included.

Out of 36 correlations in Table IT only four entries for
“everyday sounds” are statistically significant at p < 0.05,
and one entry for “two instruments” (AMM4flo averag-

ing).
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Fig. 4. Asin Fig. 1, but for AAM4f parameter.
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Fig. 5. Asin Fig. 1, but for AASD4flo parameter.
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Fig. 6. Asin Fig. 1, but for AAM4flo parameter.

4. Discussion

It can be observed that no correlation occurs in gen-
eral. The only systematic but medium correlation occurs
for “everyday sounds”. This correlation is significant in
4 out of 6 cases and is uniformly negative for all six
methods of averaging. Negative signs of correlations in
functional relationships depicted in the figures are the
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Fig. 7. The relationship between results of the test
“two instruments” and hearing acuity according to
AAMA4f parameter.
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Fig. 9. The relationship between results of the test “ev-

eryday sounds” and hearing acuity according to AASDaf
parameter.

result of the abscissa values increasing from the left to
right. In fact this indicates that better parameters of
hearing correspond to better results in listening tasks
with everyday sounds. For all other types of stimuli
there is no indication that better parameters of hearing
help listeners perform better in listening tasks. When
types of averaging of audiograms are compared, no ad-
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Fig. 10. Asin Fig. 9, but for AAMaf parameter.
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Fig. 12. Asin Fig. 9, but for AASD4flo parameter.

vantage of any particular method can be noticed. Each
of the methods yielded just one statistically significant
correlation.
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5. Conclusions

When audiograms of normally hearing subjects are
evaluated with a single parameter, no significant rela-
tionship between hearing acuity and the performance in
listening tests can be observed. No particular efficiency in
revealing this relationship was observed when comparing
six methods of averaging, three of them based on stan-
dard deviation i.e. measuring “flatness” of audiograms.

An interesting exception to this rule are everyday
sounds, which are recognised more efficiently by listeners
with lower average threshold level and more flat audio-
grams.
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