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ABSTRACT

Objective: to analyze speech perception in normally hearing adults when listening in
silence and with different types of noise.

Methods: 40 individuals of both sexes, aged 18 to 45 years, participated in the study.
Speech perception was assessed with the Lists of Sentences in Portuguese test, with-
out a competing noise and with speech-spectrum, babble, and cocktail party noise. A
mixed-effects linear regression model and the 95% confidence interval were used.

Results: the subjects’ performance was worse in the three types of noise than in
silence. When comparing the types of noise, differences were found in all combina-
tions (speech-spectrum X babble, speech-spectrum X cocktail party, and babble X
cocktail party), with a worse performance in babble, noise, followed by cocktail party.

Conclusion: all noises negatively influenced speech perception, with a worse perfor-
mance in babble, followed by cocktail party and speech-spectrum.

Keywords: Speech Perception; Speech Intelligibility; Hearing Tests; Noise; Signal-To-
Noise Ratio; Hearing; Audiology
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INTRODUCTION

Speech perception is a complex process in which
the person linguistically processes sound information’,
involving various skills, capacities, and knowledge at
different levels. Individuals must first identify the sound,
and then discriminate it, according to its spectrum,
duration, sequence, rhythm, and temporal character-
istics. Finally, they must recognize, memorize, and
understand the speech units within a given linguistic
system'S.

Speech perception may be influenced by various
factors*®, including the environmental conditions in
which it occurs. Listening in noisy environments is a
complex task that requires attention, memory, linguistic
knowledge, and precise auditory-neurophysiological
sound processing in all age groups’. Environments with
intense noise may compromise speech perception, as
they require greater concentration on the part of the
listener, who needs to focus their attention on the target
information and ignore the noise or competing speech?.

Understanding a spoken message requires a
combination of acoustic, linguistic, semantic, and
circumstantial cues. In favorable environments, without
a competing noise, cues are abundant, and some
of them may even be unnecessary to understand the
message. However, in unfavorable conditions, with low
redundancy, the cues are few, requiring greater effort
and concentration from the listener®1°.

In audiological assessment, pure-tone thresholds
and speech audiometry are not enough to fully measure
a person’s communicative ability and how they under-
stand speech in daily listening situations'2. For this
reason, use speech recognition tests with or without
a competing noise''*'? are also used, especially to
assess the performance of patients with sound amplifi-
cation devices, cochlear implants, or other devices, and
to monitor their rehabilitation process.

When applying these tests, different types of speech
stimuli (such as monosyllabic words and sentences)
and different types of noise (such as continuous and
speech noise)® can be used. The sentence recog-
nition test with competing noise is considered the most
effective tool to evaluate speech perception, because it
assesses auditory skills in conditions close to everyday
hearing experiences, portraying such skills more
reliably "3, The Lists of Sentences in Portuguese test
(LSP), the first one developed in Brazilian Portuguese,
contains lists with 10 sentences each to be used
as speech stimuli, presented both in silence and
competing noise! 1314,
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White noise is a continuous, broadband noise with a
wide frequency range - from 125 to 8000 Hz — used to
assess speech perception®'©-131519 Some studies have
developed other types of continuous noise to create
a competing signal whose spectrum is similar to that
of the speech material they either used or developed
in their research'"'3'719 For instance, Costa et al.?®
developed in their study a continuous speech-spectrum
noise to be used along with LSP. They recorded 12
people speaking some of the LSP sentences and
then filtered the white noise according to their speech
spectrum?:2!,

Babble and cocktail party stand out among the
speech noises. Unlike continuous noise, the speech
noises are aperiodic, and their intensity and frequency
vary over time®'%'620 Babble is a speech-spectrum
noise with minimal amplitude modulation, in which a
group of people is talking but whose messages are
incomprehensible to the listener. The cocktail party
noise, on the other hand, resembles a party and thus
contains both speech and environmental sounds®'e.
Some studies use other competing noises, such as
coffee-shop and amplitude-modulated noise®1°'5,

Speech noises are more detrimental to speech
perception than continuous noises since they generate
false cues and require more attention and memory
from the listener®'®. Mantelatto’® found a worse
performance in cocktail party than white noise when
assessing a group of normally hearing young people.
Another study® obtained similar results assessing
speech perception in silence, white noise, and cocktail
party noise in three groups — one made up of normally
hearing adults, the second, of adults with a hearing
loss, and the third, of older adults with a hearing loss.
The authors observed that, in all groups, the subjects
performed worse with the cocktail party noise — which
made it the most effective one to show the effects of
hearing loss and age on speech perception. Other
scholars', when investigating schoolchildren’s speech
perception in silence, white noise, and babble noise,
found a worse performance when using the last one.
In a national study??, the authors assessed the speech
perception of normally hearing adults with and without
tinnitus complaints, with both LSP noise® and calibrated
speech noise from the audiometer they used (speech-
noise — SN). They observed that both groups (with and
without tinnitus complaints) had worse performance
in speech noise. Comparing their performance, they
also found that, although those with tinnitus had worse



results with both noises, the difference was significant
only when using speech noise.

Hence, the literature reports greater interference
of speech noises in auditory speech perception tests.
However, continuous noises with a spectrum based on
sentence lists are little used when investigating types
of noise and their influence on speech perception. In
these cases, spread-spectrum noise is the most used.
Moreover, further studies are necessary to investigate
speech noises and find the most sensitive one to
assess speech recognition, as the literature does not
provide enough evidence to come to such a conclusion
with absolute certainty*810.16,

Understanding the various types of noise and
their influence on speech perception can contribute
to clinical practice by establishing better assessment
conditions, closer to everyday listening situations,
with more reliable portrayals of people’s auditory
perception. Hence, this study aimed to analyze speech
perception in normally hearing young adults, in silence,
and in three different types of noise: continuous
speech-spectrum, cocktail party, and babble noise.

METHODS

This study was conducted at the Specialized Center
for  Otorhinolaryngology and Speech-Language-
Hearing Pathology at the Clinics Hospital of the Ribeirao
Preto School of Medicine at the University of Sao Paulo,
Brazil and approved by the Research Ethics Committee
of the originating institution, process no. 4223/2018.

This is a prospective, cross-sectional, comparative
study. All research participants signed the informed
consent form.

The sample comprised 40 normally hearing®
subjects of both sexes, aged 18 to 45 years, with no
diagnosed cognitive changes. They were selected by
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convenience, and the sample size was established
based on literature data.

The procedures were divided into four stages. The
first was an interview to know the patient’s health history
and check whether they met the inclusion criteria.
Next, their air-conduction hearing thresholds from 250
to 8000 Hz were studied. Lastly, speech perception
tests with and without a competing noise, using supra-
aural earphones (TDH-39) in an acoustically controlled
environment were conducted.

The hearing thresholds at 500, 1000, 2000, and
4000 Hz were averaged to obtain their degree of
hearing loss. The hearing was considered normal when
the mean threshold was up to 25 dBHL.

The LSP?' to assess speech perception was used.
This test contains a list with 25 sentences (list 1A)%,
seven lists with 10 sentences each (lists 1B to 7B)%,
and a continuous speech-spectrum noise'”. They are
recorded on a CD and have been made available by
the author.

For this research, lists 1A, 1B, 2B, 4B, 5B, and the
continuous speech-spectrum noise from the CD2
were used. List 1A was used only for training. Lists 1B
(no noise) and 2B (with noise) were applied as origi-
nally recorded. Lists 4B and 5B were taken from the
noiseless LSP material and recorded in the studio,
respectively with babble and cocktail party noise.

After the recordings, a specialized professional
analyzed the four lists (1B, 2B, 4B, and 5B) saved in
.wav format with PRAAT acoustic spectral analysis
program to ensure the quality of the presentation of
the studio-recorded noises. The mean, maximum and
minimum frequency and intensity values were extracted
from the files.

No significant differences were observed between
the lists after recording, as shown in Table 1.

Table 1. Mean frequencies and intensities of the 10 sentences used in the recording of the four tracks (1B, 2B, 4B, and 5B)

TS Mean Minimum Maximum Mean Intensity Minimum Maximum
9 Frequencies (Hz) Frequency (Hz) Frequency (Hz) (dB) Intensity (dB) Intensity (dB)
1B - NN 101.99 74.31 188.81 71.48 44.28 78.74
BN 100.81 90.61 110.37 71.55 68.46 75.81
4B - WN
Babble 161.91 88.51 351.30 72.43 62.27 77.71
58 - WN 163.65 95.02 312.67 70.85 62.19 76.71

Cocktail party

Captions: Hz = Hertz; dB= decibel; NN = no noise; WN = with noise; CS = continuous speech-spectrum noise
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The test was performed first without noise and then
with three different types of noise (continuous speech-
spectrum, babble, and cocktail party), at a 0 dB signal-
to-noise ratio. The first list was performed without
noise, and the following three, with continuous speech-
spectrum, cocktail party, and babble noises.

To avoid presentation order as a variable, the
sentence lists with the different noises were presented
randomly to the participants.

After obtaining the data, a statistical analysis was
made, and mixed-effects linear regression models were
used, with 95% confidence intervals.

RESULTS

All three noises negatively influenced speech
perception when compared to listening in silence.
There was a difference in all possible comparisons for
both ears: no noise X continuous speech-spectrum
noise (p = 0.0001 for the right ear and p = 0.0003 for
the left ear), no noise X babble noise (p = 0.0001 for
both ears), and no noise X cocktail party noise (p =
0.0001 for both ears).

There were also differences between the tests with
noise in all the possible comparisons for both right and
left ears (Table 2).

Table 2. Comparison of speech perception in the different types of noise in the right and left ears

. . Estimated 95% Confidence Interval

Bk A Hoky Difference el Lower Limit Upper Limit
RE CS B 7.73 0.0001* 493 10.53
RE CS CP 3.20 0.0253* 0.40 6.00

RE B CP -4.53 0.0016* -7.33 -1.73

LE CS B 7.01 0.0001* 4.21 9.81

LE CS CP 3.37 0.0183* 0.57 6.17

LE B CP -3.64 0.0110* -6.44 -0.84

*Statistically significant values (p < 0.05) — mixed-effects linear regression model

Captions: RE = right ear; LE = left ear; CS = continuous speech-spectrum noise; B = babble; CP = cocktail party

However, there was no difference between the
responses of the right and left ears in any of the
listening situations (Table 3).

Moreover, no difference was found with respect to

age in any of the four listening situations —i.e., no noise
and continuous speech-spectrum, babble, and cocktalil
party noise (Table 4).

Table 3. Comparison between the responses of the right and left ears in the speech perception test without noise and with continuous

speech-spectrum, babble, and cocktail party noise

. Estimated 95% Confidence Interval
Noise Ear Ear Difference p-value Lower Limit Upper Limit
NN RE LE 0.17 0.9069 -2.63 2.97
CS RE LE -0.63 0.6561 -3.43 2.17
B RE LE -1.35 0.3432 -4.15 1.45
CP RE LE -0.46 0.7476 -3.26 2.34

Statistically significant values (p < 0.05) — mixed-effects linear regression model

Captions: RE = right ear; LE = left ear; NN = no noise; CS = continuous speech-spectrum noise; B = babble; CP = cocktail party
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Table 4. Influence of age on the results of the speech perception test with continuous speech-spectrum, babble, and cocktail party noise,

in the right and left ears

. < 26 years > 26 years 95% Confidence
Variable Categorlcal Noise Ear p-value Interval

Variable Lower Upper

Mean SD mean SD Limit Limit

SPT Age CS RE 94.73 8.63 93.11 9.09 0.5681 -4.06 7.29
SPT Age B RE 86.70 8.77 85.68 11.66 0.7565 -5.60 7.64
SPT Age CP RE 93.44 6.94 88.00 12.00 0.0897 -0.89 11.76
SPT Age CS LE 95.32 7.71 93.79 6.29 0.4972 -2.98 6.03
SPT Age B LE 87.18 8.65 87.90 10.36 0.8127 -6.83 5.39
SPT Age CP LE 92.56 5.77 89.80 9.78 0.2859 -2.42 7.94

Statistically significant values (p < 0.05) — mixed-effects linear regression model

Captions: SD = standard deviation; SPT = speech perception test; RE = right ear; LE = left ear; CS = continuous speech-spectrum noise; B = babble; CP = cocktail

party

As for sex, females obtained higher mean scores
in all listening situations with noise. However, this
difference was significant only with babble noise

for both ears and continuous speech-spectrum and

cocktail party noise in the left ear (Table 5).

Table 5. Influence of sex on the results of the speech perception test in continuous speech-spectrum, babble, and cocktail party noise, in

the right and left ears

95% Confidence
Vari Categorical . bl Rzl Interval
ariable Variable Noise Ear p-value Lower U
Mean SD mean SD - pper
Limit Limit
SPT Sex CS RE 92.59 9.48 94.90 8.32 0.4293 -8.17 3.56
SPT Sex B RE 82.09 10.77 89.22 8.81 0.0332*  -13.64 -0.61
SPT Sex CP RE 87.23 11.35 93.30 8.33 0.0722 -12.74 0.59
SPT Sex CS LE 91.46 9.09 96.84 3.69 0.0323*  -10.24 -0.50
SPT Sex B LE 83.15 10.91 90.78 6.71 0.0174*  -13.80 -1.46
SPT Sex CP LE 86.95 9.01 94.30 5.64 0.0066*  -12.46 -2.24

*Statistically significant values (p < 0.05) — mixed-effects linear regression model
Captions: SD = standard deviation; SPT = speech perception test; RE = right ear; LE = left ear; CS = continuous speech-spectrum noise; B = babble; CP = cocktail

party

DISCUSSION

The three types of noise negatively influenced
speech perception compared to listening in silence.
Also, the subjects had worse performance with babble
noise, followed by cocktail party and continuous
speech-spectrum noise (Table 2).

Similar results were found in a study by Kawasaki
and collaborators’, who assessed schoolchildren’s
speech perception in silence and white and babble
noise. The authors found that subjects performed
worse with the babble noise.

Caporali and Silva® assessed the effects of age
and hearing loss on adults’ and older adults’ speech
perception. To do so, the authors assessed their
speech perception in silence, spread-spectrum noise,
and cocktail party noise. They found that speech noise
had greater sensitivity to show the effects of hearing
loss and age on speech perception.

Another study, by Mantelatto'®, compared the
results of the Speech Recognition Index in white noise
and cocktail party noise and obtained similar results.
They applied the test to normally hearing young people
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and found that cocktail party had a greater interference
on their speech intelligibility than white noise.

The psychoacoustic characteristics of babble and
cocktail party can explain people’s worse performance
with these noises. They create a more difficult listening
condition than continuous noise, possibly because
they are irregular and have a speech spectrum and
amplitude modulation. Moreover, high-pitched noises
may mask some phonemes in this frequency range,
such as fricatives and plosives, impairing speech
understanding®®. This may explain the worse perfor-
mance when using babble noise since it has higher
frequencies than the cocktail party noise (Table 1).

The importance of high frequencies to speech
perception has been demonstrated since the 19505252,
One study, for example, investigated the percentage
concentration of speech energy in each region of the
octave band and the percentage contribution of each of
these regions to speech intelligibility?®. They found that
low frequencies (below 500 Hz) concentrate 60% of
speech energy and contribute with only 5% to intelligi-
bility, while high frequencies (above 1000 Hz) concen-
trate only 5% of speech energy and contribute with 60%
to speech intelligibility. Thus, the inaudibility of these
sounds can generate speech perception difficulties
at conversational levels since auditory acuity for high-
pitched phonemes, such as plosives and fricatives, will
be impaired. Moreover, this inaudibility may also lead to
difficulties differentiating voiced from voiceless sounds,
further impairing speech perception in noisy environ-
ments because of the environmental sounds that occur
simultaneously with the target stimulus®.

Besides the psychoacoustic characteristics of
noise, how the auditory system processes stimuli when
listening to speech in different noises, which can also
explain the worse performance with speech noises,
must be considered. In noisy environments, speech
perception requires different skills, depending on the
noise used. In the case of continuous noise, auditory
closure is the most used, whereas, for speech noise,
it is figure-ground (although it also requires auditory
closure)®.

The worse performance in sentence recognition
in speech noise may also be related to the acoustic,
linguistic, semantic, and circumstantial cues required
for speech perception. When listening occurs in
unfavorable settings, such as noisy environments,
these cues diminish and make the process even more
difficult for the listener. The situation is even worse in
the specific case of speech noise, as it not only deprives
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of cues but also provides false cues with its speech
murmur that further increase the need for attention and
memory required for speech understanding®'®. This
confirms the results obtained in this study, in which
the subjects had worse performance with babble and
cocktail party noise (Table 2).

Listeners can use acoustic cues to differentiate the
voices of the target stimulus from those present in the
noise. Acoustic cues refer to the acoustic character-
istics of a stimulus, such as frequency, intensity, and
duration. Therefore, when the target stimulus and the
noise have similar frequencies, such cues decrease
and the demand for attention increases, impairing
speech perception'®1°3132 This may explain the worse
performance of the subjects in this study with babble
noise since its mean frequency was closer to that of the
speech stimulus than the cocktail party noise (Tables 1
and 2).

Information processing in the auditory system as
a variable and checked for differences in responses
between the ears was taken into account. Data analysis
revealed no difference between the responses of the
right and left ears in any of the listening situations.
This result may have been influenced in this study
by the eligibility criteria of the subjects (who should
have normal hearing, without important differences in
thresholds between the ears), by their lack of preference
for listening with either ear (as requested during the
initial interview), and by the absence of complaints or
history of hearing difficulties.

Kawasaki et al.’® and Spyridakou et al.*® obtained
similar results. In these studies, they found no differ-
ences in performance between the ears in any of the
listening situations. However, in the study by Caporali
and Silva?®, the researchers found a difference between
the responses of the two ears in all the individuals they
assessed.

Regarding age, no difference was found in any of
the listening situations in either ear (Tables 3 and 4).
This result can be explained by the age range estab-
lished in the inclusion criteria to avoid any interference
of the auditory pathway maturation process and
auditory processing decline due to aging3+%.

However, Caporali and Silva® found age-related
differences when using cocktail party noise, in which
older subjects had a worse performance. To some
extent, this corroborates the findings in the literature
regarding the hearing of older adults.

Females had a better performance than males
(Table 5) with babble noise, both for the right (p =



0.0332) and left ear (p = 0.0174), and with continuous
speech-spectrum noise and cocktail party, for the left
ear (p = 0.0323 and p = 0.0066, respectively). No
similar studies were found in the literature analyzing
the sexes and ears in these terms. A study assessed
speech perception in babble noise in 40 women and
29 men with normal hearing and found no difference
between the sexes, unlike the results of the present
study®.

The main objective of this study was to investigate
the influence of different types of noise on speech
perception. The results corroborate those found in the
literature, which indicates that speech-spectrum noise
has a greater influence. This was strongly evidenced
in the studies cited above, in which cocktail party and
babble noise proved to be more detrimental to speech
recognition than white noise*810.16,

Standardizing speech perception in speech-
spectrum noise (as approached in this study)
contributed to distinguish neurological changes from
central auditory processing impairment. Furthermore,
these results can be used in low-redundancy tests of
central auditory processing®.

Finally, it is important to stress the difficulty of
finding information in the literature that would allow us
to compare the influence of speech-spectrum noises
on perception, as well as data explaining why a given
speech noise had better sensitivity than the others.
What was observed in the literature is that research
tends to compare continuous and speech noises and
their effects on the recognition process.

CONCLUSION

The results of the speech perception test were influ-
enced by the types of noise used in this study. The
subjects had a worse performance in the babble noise,
followed by the cocktail party noise and the continuous
speech-spectrum noise.
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