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Speech intelligibility

in noise with ear protectors
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Abstract.

M.B., Ph.D,,

Speech perception was tested

F.R.C.S.(C), and
Toronto, Canada

in high level noise under

controlled laboratory conditions in noise-exposed workmen and normal
subjects, with and without a hearing protector. The group was further
divided by age and English fluency, the latter group being included
because of the high proportion of non-fluent English speakers in the
Canadian workforce. In normal-hearing subjects the highest discrimina-
tion scores were found without background noise; they were lower with
white noise as a masker, and even lower with crowd noise as a
masker; wearing of a protector had no effect on intelligibility. The
results for non-fluent English speakers were parallel with these results,
but the scores were lower in all test conditions. In the presence of
a high frequency hearing loss speech discrimination was lower than in
the normals in quiet and in noise. The addition of a hearing protector

dropped their discrimination score even further.

In a flat hearing

loss, wearing of a protector also worsened the speech discrimination

score. The results are discussed.

It is generally agreed that exposure to in-
tense sound may result in a loss of hearing,
either temporary or permanentl In indus-
trial settings ear defenders have been chosen
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as one method of hearing conservation which
is both effective and inexpensive. The prac-
ticality of this solution depends on two con-
siderations: first, the extent to which the
defender selected reduces the noise trans-
mitted to the cochlea (i.e., the attenuation
of the device over a wide range of fre-
quencies); and secondly, the possible inter-
ference with perception of warning signals2
and instructions on the job.

ATTENUATION

Ear plugs are made of a wide variety of
materials, from paper tissue to silicone, vinyl,
sponge, plastic, glass wool, and rubber. They
may be either formed by the user, factory
formed, or custom molded. Measurements of
the attenuation spectra of 45 common brands
have been published recently by Tobias3 The



results indicated that, in general, the amount
of attenuation increased with increase in fre-
quency in the range of 250 to 4,000 Hz.
Across defender types, attenuation scores
varied from two to 25 dB at 250 Hz, and
from 15 to 48 dB at 4,000 Hz. W.ithin
defenders, the difference in attenuation be-
tween these two frequencies varied from 0
dB (i.e., a flat attenuation spectrum) to 30
dB. In the higher frequencies, from 8,000
to 18,000 Hz, attenuation values of 25 to 35
dB have been demonstrated4 for selected
tvpes of rubber insert and polymer foam
plugs and circumaural ear muffs.

Several reports in the literature comment
on the effectiveness of ear defenders in re-
ducing the incidence of noise-induced high
frequency deafness for large numbers of
workmen. In one study5 30,000 workmen
were categorized according to level of noise
exposure ranging from quiet surroundings to
levels in excess of 90 dBA. Protectors were
routinely worn in levels of 90 dBA or greater.
A cross-sectional analysis of hearing thres-
holds for different age groups indicated that
loss of hearing with age occurred at about
the same rate for all exposure categories.
Longitudinal studies, that is, the measure-
ment of hearing thresholds in individual
workmen over relatively long time periods
have confirmed these findingsO.

SPEECH PERCEPTION
In listeners with normal hearing the wearing
of ear defenders does not appear to interfere
with speech intelligibility. Krvter7 for ex-
ample, asked a small group of college students
to repeat monosyllables presented over a
loudspeaker. Measurements were made for
the open car and with a defender in the ear
canal. The level of noise varied from 65 to
105 dB SPL. The results showed that as
signal-to-noise ratio was varied from -15 to
10 dB, intelligibility scores increased sub-
stantially from 0 to 80 per cent correct. The
presence of an ear plug had no effect for
noise less than 80 dBA and actually con-
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tributed to a gain of about 10 per cent in
discrimination for higher levels.

The informal complaints of workmen that
protectors prevent them from communicating
adequately in a noisy work situation are in
stark distinction to published reports of im-
proved discrimination with ear protectors.
Published data bear on this issue but do not

answer the question directly. Coles and
Ricex tested speech discrimination in
normal hearing and in impaired sub-
jects in quiet with and without an ear

plug. Those subjects with severe high tone
losses performed more poorly in both con-
ditions. It has been argued89 that in sub-
jects with noise-induced deafness, the pro-
tector —with attenuation biased toward the
higher frequencies —puts the level of speech
below the already raised hearing thresholds
in that range.

Study of the effect of noise on hearing,
without consideration of protective devicesl)
indicates that for signal-to-noise ratio of -8
subjects with hearing impairment perform
more poorly than normal hearing subjects.
Those with flat loss are more severely handi-
capped than those with increased thresholds
in the high frequencies only. In quiet, with
speech at about 40 dB SL, all three groups
gave discrimination scores close to 90 per
cent correct. The effect of combining the
wearing of a muff and white noise back-
ground has been examined in subjects with
high-tone loss by Lindemanll The levels of
speech and noise were 80 and 90 dBA, respec-
tively. The results indicated that a decrease
in performance in the protected condition
was significantly correlated with an increase
in hearing loss. For slight impairmerit the
muff produced some improvement in speech
perception.

The present experiment is an extension
of recent studies1? of tire effectiveness of ear
protectors in industrial noise, for workers with
pre-existing, noise-induced hearing loss. Speci-
fically, wc are attempting to assess changes



in speech perception that occur with variation
in age, type of hearing loss, and the spectrum
and relative level of the noise background.
Of particular interest is the extent to which
non-fluency with the spoken language pro-
vides an additional handicap for the hard-of-
hearing. According to Statistics Canadalg
approximately 23 per cent of residents in
Ontario in 1971 acquired English as a second
language. For this group no data are avail-
able on the extent to which poor comprehen-
sion of instructions in English, apart from
a hearing disability, interferes with communi-
cation in the industrial setting.

DESIGN AND METHODS

The experimental design provided for a com-
parison of three groups of subjects. Those
with: i) normal hearing, defined by conven-

BACKGROUND

tional audiometric tests (i.e., puretone and
speech thresholds); ii) bilateral high fre-
quency loss (i.e., 5-25 dB at 500 Hz with
a slope in hearing loss of 35-65 dB between
500 and 4,000 Hz); and iii) bilateral flat loss
(i.e., 40-60 dB at 500 Hz and 50-70 dB at
4,000 Hz.

For each of these hearing types, two sub-
groups were examined: those fluent in Eng-
lish (i.e., native language or acquired in pri-
mary school), and those not fluent (for whom
English was acquired as a second language).
Fluency was assessed using a three point
rating scale:

0 —Fluent, English is native language or
language of choice (acquired in primary
school and used 90 per cent of the

time).
N 12
————— 0 Unprotected
----- 0 Comfo - 500
1
Quiet White Crowd
BACKGROUND

Fig. 1. Speech intelligibility in normal hearing, fluent subjects, aged 35 to 50 years.
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1—Non-fluent, i.e. English spoken ungram-
matically, difficulty in finding appro-
priate words but able to converse and
to understand instructions adequately.

2 —Non-fluent, i.e. one word English sen-

tences or short phrases used, frequent
gesturing and difficulty in understand-
ing instructions.

Potential candidates for the study were
rated independently by two audiologists and
the attending otolaryngologist. Those with
a rating of 2 were rejected from the study.
Subjects with high-frequency loss, both fluent
and non-fluent, were further subdivided into
two age groups: 35-50 years and 51-65 years.
Normal subjects ranged from 35-50 years of
age. Subjects with flat loss were difficult
to find and therefore were taken at any age
between 35 and 65 years. In each of the
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I'ifl. 2. Speech intelligibility in normal hearing, non-fluent subjects,

eight subgroups 12 subjects were tested. Most
subjects were patients referred to the Depart-
ment of Otolaryngology for assessment of
occupational hearing loss. Normal hearing
subjects were volunteers from the hospital’s
housekeeping staff.

Subjects were tested individually while
seated in an IAC booth. The ambient noise
level of the booth met ANSII4 standards.
Speech stimuli were presented over a single
12 inch diameter conical loudspeaker (Mad-
sen Electronics, Model FF73) placed free-
standing on the floor at a distance of 80
inches directly in front of the subject. Noise
was presented through two six-inch diameter
conical speakers (Madsen Electronics, Model
FF72) mounted on the side walls of the
booth at a distance of 54 inches from the
subject’s ear’s and 11 inches above the head.

BACKGROUND

aged 35 to 50 years.
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Each subject was presented 12 lists of 25
monosyllabic words. The lists were construct-
ed using the PAL-PB50 word lists and re-
corded on tape by a male speaker. The
average discrimination threshold (level for
reporting 75 per cent of the words correctly
for five experienced listeners with normal
hearing) ranged from 19 to 23 dBHL across
the 12 lists.

Each list was presented under one of 12
listening conditions. We varied the back-
ground noise (quiet white, or taped crowd
noise), the amplitude of speech (80 or 90
dBA), and the presence of ear protection
(Comfo-500 muff)*. The level of background
noise when present was constant at 85 dBA.
Across the 12 subjects in the group both the
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Fig. 3.
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order of listening conditions and the lists
used for each condition were randomized.

In addition to this procedure, thresholds
for 1/3 octave narrow band noise were mea-
sured with the open ear and wich the muff
in place at each of 10 centre frequencies.
The difference in each pair of measures gave
the attenuation provided bv the defender
at each frequency.

RESULTS

Preliminary results are presented in Figures
1-6 for six of the eight experimental sub-
groups, Testing of two groups: high fre-
quency, non-fluent, 35-50 years; and flat loss,
non-fluent, 35-65 years, were not completed
at the time of analysis of results. In each
figure the percentage of words correctly re-
peated is plotted against the noise back-

BACKGROUND

Speech intelligibility in fluent subjects with high frequency loss, aged 35 to 50 years.



ground. Each data point is the average result
for the 12 subjects in the group. The dotted
line shows the unprotected score and the
solid line gives the score obtained with the
muff worn. For the left panel in each figure
the speech was presented at 90 dBA, and for
the right at 80 dBA.

Attenuation

The attenuation data for the six groups are
presented in Figure 7. Each data point is
the average for the 12 subjec'.s in the group.
No systematic differences were observed be-
tween groups. The muff gave little attenua-
tion, about 5-10 dB in the low frequencies.
From about 1,000-4,000 Hz average attenua-
tion scores of about 20-30 dB were observed.
About 4,000 Hz attenuation scores began to
decrease.
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I'ifl. 4.

Speech intelligibility in non-fluent subjects wi

Within ancl Between Group Comparisons

1. Normal hearing (Figures Ib - 2)
Fluent: several results are evident from these
data. A significantly greater score is achieved
listening in quiet than in noise, and crowd
noise provides a more effective masker than
white noise. In either of the two noise back-
grounds intelligibility decreases significantly
with a 10 dB drop in the amplitude of
speech. For anv combination of background
and speech level, the protector has no effect
on intelligibility. Each of these effects was
evaluated using paired comparison t-tests and
found to be statistically significant beyond
the .001 level.

Non-fluent: the results for non-fluent sub-
jects are essentially the same as those for
fluent subjects. Comparison across the two

BACKGROUND

high frequency loss, aged 51 to 65 years.
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groups for each of the 12 conditions indicates
that the scores for non-fluent subjects are
significantly lower by about 15 per cent
(p < .01).

2. High frequency loss (Figures 3, 4, ir 5)

Fluent, 35-50 years: subjects with a high
frequency loss show a different pattern of
results from those with normal hearing. Again
listening is easier in quiet than in noise and
the percentage of words correctly repeated
decreases with the lower amplitude of speech
when presented in noise. In addition, these
subjects show a substantial protector effect.
In quiet there is a drop of about 40 per
cent in speech discrimination when the muff
is worn. In noise the difference between un-
protected and protected values is smaller but
still statistically significant (p < .05).

Quiet White Crowd

BACKGROUND

Speech intelligibility in fluent subjects with high frequency loss, aged 51 to 65 years.

Non-fluent, 51-65 years: non-fluent subjects
with a high frequency loss show a significant
decrease in score for unprotected listening
as the background changes from quiet to
white to crowd noise (p < .01). When the
muff is worn, background is an effective
variable only for the lower amplitude of
speech (p < .005). No differences are ap-
parent at the higher speech-to-noise ratio.

If the results of this group are compared
with fluent subjects matched for age and
hearing loss, it is found that the non-fhiencv
contributes a shift of 6-24 per cent across
the various conditions. The effect is signifi-
cant (p < .005) in only three instances: un-
protected, low speech; quiet or white noise
background; and protected, high speech,
quiet background.
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Fig. 6.

<3 Flat loss (Figure 6)

Fluent, 35-65 years: the results for this
group indicate that the protector used pro-
duced a significant decrement in speech per-
ception for the six combinations of level
of speech by background (p < .001). For each
background by protector condition, scores de-
crease significantly with amplitude of speech
(p < .001). With die muff, scores are similar
for the three backgrounds at each signal
amplitude.

Comparison of these subjects and those
with high frequency loss, shows that for the
protected conditions the flat loss results in
a significantly poorer score in quiet and white
noise, regardless of the signal amplitude (p
< .005). Scores are similar in crowd noise.
In the unprotected condition, the two groups

BACKGROUND

Speech intelligibility in fluent subjects with flat loss, aged 35 to 65 years.

differ only for listening in quiet at the lower
level of speech (p < .05).

DISCUSSION AND CONCLUSIONS

Several conclusions may be drawn from the
results presented. As might be expected, the
attenuation provided by the Comfo-500 muff
for noise presented free-field at threshold
levels is essentially the same for all die ex-
perimental groups tested. On the contrary,
intelligibility scores vary widely for listening
with the open ear and muff, the difference
depending on the particular combination of
hearing configuration, fluency with the Eng-
lish language, level of speech, and noise back-
ground. Discrimination scores of subjects
with normal hearing are unchanged by the
wearing of an ear defender, but non-fluencv,
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Fig. 7. Attenuation
scores obtained with
the Comfo-500 muff.

Frequency (Hz)

presence of a background noise, and lower
speech-to-noise ratio all produce significant
decrements in performance. Subjects with
either high-tone or flat losses are substantially
affected by the wearing of a muff. For a
high-frequency loss, non-fluency does not ap-
pear to produce a clear and consistent decre-
ment above that already produced by the
hearing loss.

The practical consequences of these find-
ings are substantial, particularly during the
transitional phase from no hearing protection
to full hearing conservation, which is cur-
rently taking place in so much of industry.
There are substantial numbers of noise-
exposed workers, whose hearing has already
been damaged, who are now to wear personal
protectors and in whom the ability to com-
municate may be significantly worsened by

the devices. The question of linguistic ability
has only been addressed marginally although,
de facto, it is well known that to listen in a
foreign language requires better listening con-
ditions than in a language with which one is
fluent. This series of experiments has shown
that the non-fluent speaker is already at a
greater communication disadvantage than the
fluent, even before protectors are used, and
strongly suggests the need for non-auditory
means of communication in intense noise
where language fluency cannot be guaran-
teed.
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