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Abstract

Several studies have shown that musicians may have an advantage in
a variety of auditory tasks, including speech in noise perception. The
current study explores whether musical training enhances
understanding two-talker masked speech. By combining an off-line
and an on-line measure of speech perception, we investigated how
automatic processes can contribute to the potential perceptual
advantage of musicians. Understanding the underlying mechanisms
for how musical training may lead to a benefit in speech-in-noise
perception could help clinicians in developing ways to use music as a
means to improve speech processing of hearing impaired individuals.

Introduction

Earlier studies have shown that musical training can grant
normal-hearing listeners an advantage on auditory tasks, in
particular for speech comprehension in noise or in the
presence of background talkers (Baskent & Gaudrain, 2016;
Kraus, Strait, & Parbery-Clark, 2012; Parbery-Clark, Skoe,
Lam, & Kraus, 2009; Swaminathan et al., 2015). However,
not all studies have found a difference between musicians’
and non-musicians’ speech in noise performance (Boebinger
et al., 2015; Ruggles, Freyman, & Oxenham, 2014), or they
have found an advantage in some auditory tasks and not in
others (Fuller, Galvin, Maat, Free, & Baskent, 2014). Taken
together, various studies addressing a musician advantage
provided mixed results (for a review see: Coffey, Mogilever,
& Zatorre, 2017), which can be partly explained through the
use of different measures (e.g. behavioral versus physiological,
online versus offline), the variations in target/noise signal
properties, and the linguistic complexity of the target and
noise stimuli used in the tasks.

In the current study, we aimed to investigate how
perception of speech in two-talker masker noise differs
between musicians and non-musicians. We first used a
sentence-recall task, in which participants recall and repeat
target Dutch sentences presented with two-talker Dutch
sentence maskers. This task provides an estimate of sensory
sensitivity in different Target-Masker-Ratios (TMR) by
estimating the percentage of correctly recalled words. This is
an offline-measure of speech processing, similar to the single-
talker masker study reported by Baskent & Gaudrain (2016).
Following, we used a visual-world paradigm, using eye
tracking (Cooper, 1974; for a review see: Salverda &
Tanenhaus, 2017). Here, while listening to sentences,
participants visually search for the image of the target word
mentioned by the target speaker. The target image is displayed
among a competitor (phonologically similar to the target, i.e.
ham-hamster) and two distractor images. During the task,
gaze fixations and pupillary responses are measured. This task
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gives an online measure of speech processing by comparing
the time course of gaze fixations to the target and/or the
competitor word, as well as the changes in event related pupil
dilations. The online measure indicates how quickly
participants integrate the acoustic information in the signal
when they are accessing the mental lexicon and the extent of
the mental effort involved in processing of linguistic
information. We used the utterances of the same target
speaker and the masker speaker in both tasks in order to be
able to capture how the automatic processes may contribute to
speech on speech perception in musicians.

Our main research questions are:

1. Would the difference observed in an offline task,

manifest itself in an online task?

= Musicians have been previously shown to perform
better than non-musicians in single talker masker
(Baskent & Gaudrain, 2016) or four-talker babble
(Slater & Kraus, 2016). Based on literature, we expect
musicians to be less affected by masked speech than
non-musicians on the offline task.

2. Would the results obtained by an online task be clearer in
reflecting the difference in the usage of cognitive
resources in musicians and non-musicians?

= Speech masker should have a smaller effect in terms of
timing of lexical mapping and pupil dilations for
musicians than non-musicians

Method

Participants. Ten musicians (years of musical training =
10.6, age = 23.8) and twenty non-musicians (years of musical
training = 1.63, age = 25.1) from Groningen, the Netherlands
were recruited for participating in the study. The musicianship
criteria were taken from the literature (Fuller et al., 2014) and
included the following: having started music before the age of
7, having at least 10 years of musical training, actively
practicing music at least for 3 years prior to the study. The
non-musician criteria were not meeting the musician criteria
and not having more than 3 years of music training.

Materials. The same target and masker
sentences were utilized in both tasks.

In the sentence recall task, 28 semantically neutral Dutch
target sentences (Wagner, Toffanin, & Baskent, 2016) uttered
by a female speaker were embedded in two-talker maskers.
We chose to use a two-talker masker based on previous
literature. According to Rosen, Souza, Ekelund, & Majeed
(2013), greatest changes in masking occur when the number
of talkers change from 1 to 2 or 4 background talkers, and
Calandruccio, Buss, & Bowdrie (2017) showed that a two-
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talker masker was the most effective masker. The masker
sentences consisted of simple, meaningful Dutch sentences
(Versfeld, Daalder, Festen, & Houtgast, 2000) uttered by a
different female speaker than the target speaker.

The onset of the target sentences was delayed by 500 ms
from the maskers’ onset, and the participants were instructed
to repeat the sentence that started later. The sentences were
presented at four possible TMRs in a random order; -3, -5, -7
or -9 dB SPL (Calandruccio et al., 2017), where the
presentation level of the masker sentence combination was
fixed at 75 dB SPL and the presentation level of the target
sentence was adjusted depending on the TMR in each
condition.

Based on pilot results of the sentence recall task, the eye-
tracking experiment’s TMR levels were set to 0 and -5 dB
SPL. The stimuli were presented either in a two-talker masker
with 0 or -5 TMR and, as a baseline in quiet (without any
masking).

Procedure. Participants were first tested for normal
hearing, where the hearing levels were < 20 dB HL for pure
tone thresholds from 250 to 4000 Hz bilaterally, then first
completed the visual world paradigm, and following the
sentence recall task.

In the visual world paradigm, the experiment started with a
practice phase where participants completed 8 trials of the
quiet and masked conditions. They were instructed to pay
attention to the voice they heard in the quiet condition
throughout the experiment and choose the image of the target
word from four images displayed on the screen. The quiet
condition was presented first at all times. Upon completing
the quiet condition, participants could take a break and then
complete the masked condition. The two TMR levels were
presented in a random order within one block. Each condition
included 12 trials. The order of presentation of the sentences
was randomized for each participant.

The sentence recall task began with a practice phase of 4
trials, where participants heard an example of each TMR level
(-3, -5, -7, -9 dB). They were instructed to repeat the sentence
uttered by the same target speaker as in the first experiment.
After the practice, participants completed 28 trials, with TMR
conditions presented randomly in order to eliminate learning
effects.

Results

The preliminary results will be reported; however, none
are conclusive since the musician data is based on 10
participants.

In the sentence recall task, musicians perform slightly
better as the level of background masker speech increases
(Figure 1).
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Figure 1. Percentage of correctly recalled keywords as a function
of target masker ratios (-9, -7, -5, -3 dB) of the sentence recall
task.

The gaze fixations in the quiet condition (Figure 2)
indicate that lexical competition occurs in a similar fashion
both for musicians and non-musicians. The point of
disambiguation is happening earlier in quiet than in masked
conditions for both groups. The proportion of fixation to the
target is also higher for both groups in quiet versus in masked
speech.
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Figure 2. Gaze fixations to the target, competitor and distractor
images as a function of time from word onset of the target word
in the quiet condition.

At TMR=0 dB, where the intensity of the masker and the
target are equal, the point of disambiguation seems to be
slightly delayed for non-musicians. The lexical competition is
still present for both groups, while the certainty is lowered for
both groups as shown by the proportion of fixation to the
target (Figure 3).
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Figure 3. Gaze fixations to the target, competitor and distractor

images as a function of time from word onset of the target word
in TMR=0 dB condition.
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In the most difficult TMR, where the target is presented at
5 dB lower level than the masker the lexical competition is
less present for musicians, but not for non-musicians. Overall
fixations to the target are reduced compared to the other
conditions for both groups, indicating increased uncertainty
(Figure 4).
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Figure 4. Gaze fixations to the target, competitor and distractor
images as a function of time from word onset of the target word
in -5 TMR condition.

The event related pupil dilation responses (ERPD) are
calculated with the following formula:

observation—baseline

% ERPD = * 100

baseline

The baseline is taken to be the mean of the pupil response
occurring 200 ms right before the onset of the target word.
The ERPD in response to the processing of the target word
reflects that there is less change in pupil size for non-
musicians in quiet. Overall, both groups exhibit less change in
ERPD in the -5 TMR condition compared to the 0 TMR
condition. For the musician group, quiet condition appears to

have the biggest change in ERPD across conditions (Figure 5).
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Figure 5. Pupil dilation data time curves for both musicians and
non-musicians at all conditions (quiet, 0 TMR, -5 TMR).

Conclusion

The preliminary results so far indicate that musicians may
perform slightly better at the sentence recall task as the
background speech masker level increases. If this holds as
data collection is completed, this finding would be in line with
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previous findings, despite the difference in masker structure
(two talker vs one talker masker) (Baskent & Gaudrain, 2016).

In the visual world paradigm, lexical competition, i.e.
listeners’ simultaneous consideration of phonologically
similar words to be the potential target, which captures
automatic process observed in previous research (Salverda,
Dahan, & McQueen, 2003; Wagner et al., 2016) is present in
the quiet condition, while it becomes less visible as the
masking increases, especially for musicians. The overall
timing of lexical decision making is delayed for both groups
when the target is presented with the masker. The event
related pupil dilations, which may be reflecting either
increased effort or more attention allocation are inconclusive.
We aim to collect more musician data before drawing any
further conclusions and conducting statistical analysis.
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