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Summary
Voice disorders or dysphonia are clearly more prevalent in teachers compared to the general pop-
ulation. Voice disorders not only have negative effects on teachers’ health and well-being, also for
the students, information processing appears to be more cumbersome when listening to a dysphonic
voice. The question is how listening to a dysphonic voice fits within the existing knowledge on the
cognitive effects of background noise in general. In addition, most of the effects of dysphonic voices
are studied for (primary school) children, it is unclear to what extent they hold true for adults. In
this, adult students might be less affected by the dysphonic voices, as they have more (cognitive)
resources to deal with adverse listening conditions. Finally, it is unclear whether different types of
voice disorders, with different perceptual characteristics, affect information processing differently.
This study investigates information processing by adults in conditions that are thought the be very
challenging: speech in multitalker babble, speech produced by dysphonic voices without additional
background noise, and dysphonic speech within multitalker babble. As a reference condition, speech
has been produced by a healthy voice without additional background noise. For the dysphonic voices,
three different voice disorders have been included. Participants were asked to report perceived diffi-
culty of information processing. Results show that reported difficulty clearly varies depending on the
conditions. Compared to the reference condition, reported difficulty is clearly higher for information
presented in multitalker babble and information presented by a dysphonic voice. Remarkably, within
multitalker babble no differences are seen between dysphonic voices and a healthy voice. Finally, no
differences in rating were seen in-between the different voice disorders included in this study.
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1. Introduction

Processing information that is presented orally in
background noise requires focusing on the target sig-
nals while suppressing the irrelevant sounds. Whether
this can be done successfully depends on a complex
interplay between features of signal and noise, tasks
at hand, and individual characteristics of the listener
[1],[2],[3].

Irrelevant speech is often shown to be particularly
disturbing, especially when it is intelligible and mean-
ingful [1]. Besides intelligibility, mere phonological
similarity between target and masking signal might
also increase the influence of the masker [1].

Voice disorders can be regarded as a particular type
of noise because here the noise is actually part of the
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target signal. Dysphonia is defined as a speech disor-
der ‘characterized by the abnormal production and/or
absences of vocal quality, pitch, loudness, resonance,
and/or duration, which is inappropriate for an indi-
vidual’s age and/or sex.’ (ASHA). The effect of dys-
phonia on learning is a very pertinent question, as
dysphonia is often reported in teachers.

Dysphonic voices have been shown to affect in-
formation processing and language comprehension in
children [4] as well as in adults [5]. This is in line
with the generally known effects of irrelevant noise
on task performance. It is less clear how important
the effects of dysphonic voices are, compared to other
external noise sources. In addition, it has been lit-
tle investigated how dysphonic noise and background
noise might interact, and what their combined effect
on information processing would be. This is a perti-
nent question as teaching, also for teachers suffering
from dysphonia, usually takes place in a certain level
of (classroom) background noise.
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Furthermore, especially for a population of young
adults who supposedly have more cognitive resources
to deal with adverse listening conditions as compared
to school-aged children, it is not clear whether back-
ground noise and dysphonic voices have similar effects
or not.

Finally, no relationship has been found between the
severity of the dysphonic voice and the degree of de-
crease in information processing [6]. It remains to be
seen whether voice disorders that sound differently,
for example a creaky versus an overly breathy voice,
have different effects on information processing.

In this work, the effect on information processing
is investigated for (1) dysphonic voices versus mul-
titalker babble background noise, and versus non-
speech background noise with a spectrum similar to
dysphonic noise, for (2) the combined effect of dys-
phonic voices and multitalker babble, and for (3)
voice disorders with different perceptual characteris-
tics. Self-reported ease of information processing is
used as outcome.

2. Method

2.1. Participants and protocol

Forty-nine volunteers between 18 and 30 years old (av-
erage: 21.1 years) participated. Participants were in-
structed to listen carefully to 10 different lectures on
various topics. Information was presented in layman
terms to be comprehensible by young adults. The top-
ics themselves were somewhat obscure to ensure that
participants had little or no a-priori knowledge on the
content.

Each lecture took about 5 minutes. After each lec-
ture, participants had to write down up-to five key
elements they had retained from the lecture, as well
as to answer six true/false questions. After all lec-
tures had been played back, participants were asked
to order the 10 fragments in terms of how easy it was
to follow the content of the lecture, with the easiest
fragment first and the hardest at the last place.

2.2. Listening conditions

All lectures were read by a 40-year female speech ther-
apist. Play-back of the lectures was done with dif-
ferent voice characteristics and different fragments of
background noise.

For the voice characteristics, three different dyspho-
nic voices were simulated using the software TC Heli-
con VoiceOne. A panel of three voice experts and five
non-expert listeners judged the voice quality of the
simulations. The selected simulations were judged as
clearly dysphonic and could not be distinguished from
natural (non-simulated) voices by the non-expert lis-
teners. One healthy voice condition was added to the
three simulated dysphonic voices, so in total four dif-
ferent voice conditions were included.

Two different background noise conditions were
included: no additional background noise and mul-
titalker babble. All four voice conditions were pre-
sented twice, i.e. once in multitalker babble and once
without additional background noise.

Participants listened to the fragments through
headphones, lectures were played at 68 dB calibrated
with the Head And Torso Simular (HATS) type 4128C
from Brüel & Kjær. Multitalker babble and dysphonic
noise were played at 63 dB.

2.3. Self-reported effort

After all fragments had been presented, participants
had to rank them on a ten-point scale between 1 and
10, 1 being the fragment that was most easy to retain
information from, and 10 the hardest. Results are sta-
tistically analyzed using mixed model regression with
the self-reported ranks as outcome variable. Partici-
pant is included as random factor. Two independent
fixed effects are included in the model, voice condition
(four levels: three types of dysphonic voices and one
healthy voice condition), and background condition
(two levels: no additional noise and multitalker bab-
ble).The interaction effect between voice and back-
ground condition is also considered, accounting for all
eight listening conditions. Tukey post-hoc testing has
been carried out to compare the ranking of the differ-
ent listening condition pairwise.

3. Results

In Figure 1, the self-reported ease of following the
content of the lectures is shown as a function of voice
condition and background noise condition. Statisti-
cally, a strong interaction effect is seen between voice
and background condition on self-reported ease of in-
formation processing (p < 0.0001).

Pairwise Tukey post-hoc testing reveals that mul-
titalker babble stands out: information processing is
systematically reported to be more difficult in mul-
titalker babble compared to no additional background
noise (p < 0.01 for all pairwise comparisons).

In the conditions without additional noise, the dys-
phonic voices appear to be systematically more dif-
ficult than the healthy voice (p < 0.01 for all rel-
evant pairwise comparisons). Contrary, with mul-
titalker babble noise present, no difference could be
found between reported ease of information processing
for dysphonic voices versus a healthy voice (p > 0.1 for
all relevant pairwise comparisons). Finally, in-between
the different types of dysphonic voices, no difference
in reported ease of processing could be seen (p > 0.1
for all relevant pairwise comparisons).

4. Discussion

Both multitalker babble and dysphonic voices are
rated less favorably compared to a healthy voice with-
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Figure 1. Self-reported ranking of ease of information processing as a function of voice condition (on the x-axis: dysphonic
voices dark, phlegmmy and raspair, and healthy voice) and background condition (color coded: no addional background
noise NoNoise and multitalker babble NoiseBabble)

out additional background noise. Speech sounds (mul-
titalker babble) are known to be likely to draw the lis-
tener’s attention, whereas the dysphonic sounds might
be difficult to separate perceptually from the target
signal as it is inherently part of it.

In this experiment, the multitalker babble has
clearly been recognized as a stronger interfering noise
source. The fact that the dysphonic characteristics
are inherently part of the signal, as they are pro-
duced by the speaker, appears to be less important
than the characteristics of multitalker babble. Within
multitalker babble, listeners no longer make a distinc-
tion between a healthy voice and a dysphonic noise,
so clearly the effects of background noise are more
dominant than the effects of dysphonic voices. This
is also suggested by the finding that participants do
not perceptually distinguish between different types
of dysphonic voices.

In this, it should be noted that the participants were
young adults, often with a strong educational back-
ground. Effects might have been more distinguished
in a population with less cognitive resources to deal
with adverse listening condition, such as school-aged
children.

5. Conclusions

The reported difficulty to process orally presented
information clearly increased when lectures are pre-

sented in multitalker babble. Dysphonic voices have
also a negative, albeit less strong, effect. Different dys-
phonic voices do not appear to lead to distinguishable
effects, and within background noise, dysphonic voices
do not lead to further increase in reported difficulty
compared to the healthy voice.
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