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Musical Experience Is Linked to Enhanced Dimension-Selective
Attention to Pitch and Increased Primary Weighting During

Suprasegmental Categorization

Ashley E. Symons and Adam T. Tierney
Department of Psychological Sciences, Birkbeck College, University of London

Speech perception requires the integration of evidence from acoustic cues across multiple dimensions.
Individuals differ in their cue weighting strategies, that is, the weight they assign to different dimensions
during speech categorization. In two experiments, we investigate musical training as one potential predictor
of individual differences in prosodic cue weighting strategies. Attentional theories of speech categorization
suggest that prior experiencewith the task-relevance of a particular dimension leads that dimension to attract
attention. Experiment 1 tested whether musicians and nonmusicians differed in their ability to selectively
attend to pitch and loudness in speech. Compared to nonmusicians, musicians showed enhanced dimen-
sion-selective attention to pitch but not loudness. Experiment 2 tested the hypothesis that musicians
would show greater pitch weighting during prosodic categorization due to prior experiencewith the task-rel-
evance of pitch cues in music. Listeners categorized phrases that varied in the extent to which pitch and dura-
tion signaled the location of linguistic focus and phrase boundaries. During linguistic focus categorization,
musicians upweighted pitch compared to nonmusicians. During phrase boundary categorization, musicians
upweighted duration relative to nonmusicians. These results suggest that musical experience is linked with
domain-general enhancements in the ability to selectively attend to certain acoustic dimensions in speech.
As a result, musicians may place greater perceptual weight on a single primary dimension during prosodic
categorization, while nonmusicians may be more likely to choose a perceptual strategy that integrates across
multiple dimensions. These findings support attentional theories of cue weighting, which suggest attention
influences listeners’ perceptual weighting of acoustic dimensions during categorization.
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Speech perception requires the listener to integrate information
from multiple acoustic dimensions and map this information onto
discrete linguistic categories. In natural environments, variation
within and between speakers as well as masking of speech by envi-
ronmental noise pose a challenge for perception. Fortunately, speech
is a highly redundant signal, with multiple acoustic dimensions
providing overlapping information that can be used for categoriza-
tion (Winter, 2014). For example, at least 16 acoustic dimensions
distinguish the English voiced stop consonant /b/ from the voiceless
consonant /p/ (Lisker, 1986). This type of redundancy in speech
has been observed across a wide range of linguistic features includ-
ing focus (Breen et al., 2010), phrase structure (de Pijper &
Sanderman, 1994; Streeter, 1978), and syllable stress (Fear et al.,
1995; Mattys, 2000).

However, not all acoustic dimensions are equally reliable. The
reliability of an acoustic dimension reflects, in part, the learned dis-
tributional statistics of the input (Toscano & McMurray, 2010). In
the /b/-/p/ example mentioned above, the distributions of the two cat-
egories show little overlap in voice onset time (VOT), making VOTa
reliable dimension for distinguishing voicing categories in English
(Keating, 1984; Lisker & Abramson, 1964). As a result, VOT is
often considered to be the “primary” cue to voicing for native
English speakers. That is, VOT tends to provide the most reliable
information and is weighted more highly than other cues during cat-
egorization. Other “secondary” dimensions such as fundamental fre-
quency (F0) may provide less reliable information but can still be
used, especially when VOT is ambiguous (Holt et al., 2018).
However, there is substantial individual variability in listeners’ cue
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weighting strategies (A. C. L. Yu & Zellou, 2019 for review). These
individual differences appear to be stable across multiple testing ses-
sions (Idemaru et al., 2012; Kim et al., 2018; Kong & Edwards,
2016), suggesting that they reflect consistent cue weighting strate-
gies rather than random variation. The underlying factors explaining
individual variability in cue weighting have only recently begun to
be investigated. Recent work on prosodic cue weighting points
toward two potential predictors of individual variability in cue
weighting strategies: auditory perceptual abilities (Jasmin, Dick,
Holt, & Tierney, 2020) and prior experience (Jasmin et al., 2021).
Jasmin, Dick, Holt, & Tierney (2020) tested the hypothesis that

differences in cue weighting strategies reflect listeners’ auditory per-
ceptual abilities. Compared to controls, listeners with amusia, who
have severe difficulties with pitch perception and memory, weighted
durational cues more highly relative to pitch across both speech and
music categorization tasks. Importantly, this pattern was observed
even when pitch differences were large enough for those with amu-
sia to detect. Placing greater weight on duration appeared to help
those with amusia overcome pitch perception deficits; controls out-
performed amusics when pitch was the only available cue for cate-
gorization, but no differences between groups were observed when
duration cues were available. These findings suggest that differences
in cue weighting strategies reflect, in part, individual differences in
auditory perceptual ability.
Another factor that might help predict cue weighting strategies is

the degree to which an individual has experience making use of a
given acoustic dimension for the purposes of perceptual categoriza-
tion. For example, speakers of tonal languages, in which pitch var-
iations help determine lexical meaning, weight pitch more highly
compared to nontonal language speakers during perception of pro-
sodic features in a nontonal second language (Jasmin et al., 2021;
Nguyễn et al., 2008; V. Y. Yu & Andruski, 2010; Y. Zhang &
Francis, 2010). Moreover, the effects of tone language experience
on cue weighting strategies seem to not be strictly limited to the lan-
guage domain. As Jasmin et al. (2021) observed, native Mandarin
speakers weighted pitch more highly than native English and
Spanish speakers across both speech prosody and musical beat cat-
egorization tasks. Furthermore, Mandarin speakers were better at
selectively attending to pitch and ignoring variations in an irrelevant
dimension but showed difficulty ignoring pitch when selectively
attending to other dimensions. This suggests that pitch is particularly
salient for Mandarin speakers, with the result that they can easily
attend to pitch when it is task-relevant but have difficulty ignoring
pitch when it is irrelevant. These findings lend support to attentional
accounts of cueweighting (Francis &Nusbaum, 2002; Gordon et al.,
1993; Holt et al., 2018), which suggest that experience directing
attention to a given acoustic dimension increases its salience, or ten-
dency to capture attention, leading to greater perceptual weighting of
that dimension during categorization.

Relationship Between Musical Experience and Speech
Perception

Another possible source of specialized perceptual experience that
could lead to shifts in cue weighting strategies is a musical experi-
ence. Many studies now suggest that musicians demonstrate
enhanced precision and robustness of auditory processing across
multiple domains (Kraus & Chandrasekaran, 2010). This includes
speech perception, where musicians show enhanced neural encoding

of speech compared to nonmusicians (Musacchia et al., 2007) as
well as better behavioral performance on a variety of linguistic
measures, including phonological processing (Linnavalli et al.,
2018), speech prosody perception (Thompson et al., 2004), and
speech-in-noise perception (Du & Zatorre, 2017; Parbery-Clark et
al., 2009; Swaminathan et al., 2015; Zendel et al., 2015).

However, not all studies have observed a link between musical
experience and enhanced speech perception. In particular, evidence
for a relationship between musical experience and speech-in-noise
perception has been mixed, with some studies showing no difference
between musicians and nonmusicians (e.g., Boebinger et al., 2015;
Madsen et al., 2017; Ruggles et al., 2014). One potential explanation
for the discrepancy between these findings is that enhanced domain-
general cognitive abilities that covary with musical experience may
improve speech perception only under certain conditions. Consistent
with this explanation, performance on the Matrix Reasoning subtest
of the Wechsler Abbreviated Scale of Intelligence (WASI), rather
than musical experience, predicted speech-in-noise thresholds
(Boebinger et al., 2015). There also is evidence that the musician
advantage for speech-in-noise perception is only present in condi-
tions where informational masking is present, in other words,
when listeners must resist distraction by irrelevant information
(Morse-Fortier et al., 2017; Swaminathan et al., 2015).

Given the mixed findings in the literature, whether and under what
conditions musical experience may be linked to cross-domain
effects in speech perception has been the topic of considerable
debate (Besson et al., 2011; Patel, 2011, 2014; Sala & Gobet,
2017; Strait & Kraus, 2011). According to the OPERA hypothesis
(Patel, 2011, 2014), musical experience can enhance neural encod-
ing of an acoustic dimension in speech when five conditions are
met: (a) There is overlap in the neural foundations of acoustic dimen-
sion processing across speech and music domains, (b) Greater preci-
sion is required in the processing of acoustic dimensions in music
compared to speech, (c) Strong positive emotion is experienced dur-
ing musical activities, (d) Musical activities that involve the acoustic
dimension are frequently repeated, and (e) Musical experience
requires focused attention to the dimension. This theory focuses
on neural encoding/processing of acoustic dimensions in speech.
Here, we hypothesize that any dimension that satisfies the OPERA
conditions may also, in addition to being encoded more precisely
in the brain, become more salient, or likely to capture attention
regardless of task. We test this hypothesis by examining selective
attention to and weighting of acoustic dimensions during speech per-
ception in musicians and nonmusicians.

One acoustic dimension that plays an important role in both
speech and music is pitch. In English speech, pitch plays an impor-
tant role in prosodic aspects of speech such as conveying syllable
stress, word emphasis, and phrase structure (Breen et al., 2010;
de Pijper & Sanderman, 1994; Fear et al., 1995; Streeter, 1978).
However, information about prosodic features is also conveyed by
multiple redundant acoustic cues. By comparison, music is an infor-
mationally brittle signal: information carried by pitch is crucial for
conveying melody and harmony (McDermott & Oxenham, 2008)
and has no acoustic substitute. For this reason, pitch may serve an
especially vital function in music. Throughout the course of musical
training, musicians acquire experience directing selective attention
to pitch, potentially leading to an increase in the salience of pitch
cues. Although pitch salience in musicians and nonmusicians has
not to our knowledge been previously investigated, there is
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substantial prior evidence for enhanced neural encoding and precise
perception of pitch in musicians versus nonmusicians. For example,
musicians show enhanced pitch discrimination for both nonverbal
(Carey et al., 2015; Kishon-Rabin et al., 2001; Micheyl et al.,
2006; Nikjeh et al., 2009; Spiegel &Watson, 1984) and verbal stim-
uli (Besson et al., 2007; Choi, 2020; Magne et al., 2006; Marques et
al., 2007; Schön et al., 2004) as well as more robust neural encoding
of pitch compared to nonmusicians during speech andmusic percep-
tion (Musacchia et al., 2007; Wong et al., 2007). In addition to
enhancing the robustness and precision of pitch representations,
experience directing attention to pitch may also increase its tendency
to capture attention in a bottom-up fashion, regardless of task. This
increased perceptual salience could, in turn, leadmusicians toweight
pitch information more highly than other acoustic cues during
speech perception.

Overview of the Present Studies

Together, these findings suggest that musical experience may be
linked to a domain-general enhancement in pitch salience. In line
with attentional theories of cue weighting (Francis & Nusbaum,
2002; Gordon et al., 1993; Holt et al., 2018), this enhanced pitch
salience may be linked to an upweighting of pitch cues during
speech categorization. In two experiments, we examine musical
experience as one potential predictor of individual differences in
dimension-selective attention and prosodic cue weighting strategies.
Experiment 1 tested the hypothesis that musical experience is

linked to cross-domain enhancements in pitch salience. In this
experiment, participants with varying degrees of musical experience
completed two dimension-selective attention tasks in which they
judged which word in a two-word phrase was louder (attend loud-
ness) or higher in pitch (attend pitch), ignoring task-irrelevant vari-
ation in the unattended dimension. Following J. D. Zhang et al.
(2020), we compared performance between a subset of musicians
(≥6 years of musical experience) and nonmusicians (0 years of
musical experience). Since music requires greater selective attention
to particular dimensions of sound, including pitch, compared to
speech (Patel, 2014), we predicted that musicians would show better
dimension-selective attention to pitch compared to nonmusicians.
Importantly, we also predicted that musicians would show worse
dimension-selective attention to loudness compared to nonmusi-
cians, due to pitch capturing attention even when task-irrelevant.
If musicians experience greater pitch salience, they may also place

greater weight on pitch cues during perceptual categorization. In
Experiment 2, we tested this prediction in the same sample of partic-
ipants who completed Experiment 1. Participants in this experiment
completed two prosodic categorization tasks. In each task, a two-
dimensional stimulus space was created with stimuli varying in the
extent to which pitch and duration signaled category identity.
Importantly, this stimulus space contained stimuli whose categoriza-
tion was fundamentally ambiguous, because information from pitch
suggested one interpretation while information from duration sug-
gested another; the manner in which participants categorize these
stimuli can reveal the source of information on which participants
prefer to rely. Upon hearing each stimulus, participants were asked
to categorize the location of linguistic focus or phrase boundary.
Based on prior work, we predicted that, on average, listeners
would place greater weight on the pitch dimension during linguistic
focus categorization and place greater weight on the duration

dimension during phrase boundary categorization. However,
because of the specific demands that musical experience places on
pitch processing, we predicted that musical experience would be
associated with increased pitch weighting during both prosodic cat-
egorization tasks.

Experiment 1

Introduction

In Experiment 1, we test the hypothesis that musical experience is
linked to increased pitch salience during speech perception.
Participants completed two dimension-selective attention tasks in
which the pitch height and amplitude of two words within a short
phrase were varied orthogonally. On each trial, participants decided
which word was higher in pitch or louder while ignoring variations
in the other dimension. Accuracy on each trial provided a measure of
task performance. Based on prior work showing enhanced pitch pro-
cessing in musicians compared to nonmusicians, we predicted that
musicians would show superior dimension-selective attention to
pitch but inferior dimension-selective attention to loudness com-
pared to nonmusicians.

Methods

Participants

Ninety-five native English speakers (54 female, 38 male, 3 other
gender, Mage= 33.76, SD= 11.81) were recruited from the Prolific
online participant recruitment service (prolific.co). An automated
screening procedure accepted only participants who reported speak-
ing English as a native language. This was confirmed by responses to
an additional questionnaire. One participant was excluded for report-
ing that English was not their native language on this questionnaire.

The experiment was conducted via the online experiment platform
Gorilla Experiment Builder (Anwyl-Irvine et al., 2020). Automated
procedures ensured that participants completed the experiment on a
desktop or laptop using the Google Chrome browser. All participants
were asked to wear headphones throughout the experiment.

To minimize spurious data points, we excluded participants based
on categorization responses in Experiment 2. This was done by con-
structing a logistic regression for each participant and task, with pitch
and duration (levels 1 through 5) as continuous predictors and catego-
rization response as the outcome variable. Only data from participants
for whom there was a significant relationship ( p, .001) between at
least one of the stimulus dimensions and categorization responses in
both the linguistic focus and phrase boundary tasks were included.
This exclusion criterionwas chosen to eliminate data fromparticipants
whowere simply responding randomly. However, to ensure that these
exclusion criteria did not bias our results in any way, we also ran all
analyses on all musicians and nonmusicians and observed an identical
pattern of results (see Supplementary Materials).

The Ethics Committee in the Department of Psychological
Sciences at Birkbeck, University of London approved all experimen-
tal procedures. Informed consent was obtained from all participants.
Participants were compensated for their participation in the form of
payment at a standard rate.

The final sample consisted of 82 participants (47 female, 32 male,
3 other gender) between the ages of 18 and 66 (M age = 34.17 SD=
12.29). From this sample, 40 participants reported regularly
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engaging in a daily practice of a musical instrument (including
voice) for 1–46 years (mean years= 12.20, SD= 12). The relation-
ship between dimension-selective attention and musical experience
was analyzed by dividing participants into two groups, with musi-
cians defined as those who reported at least 6 years of musical expe-
rience (J. D. Zhang et al., 2020) and nonmusicians as those reporting
0 years of musical experience. Any participants who reported 0 years
of musical experience but reported an age in response to the question
“At what age did you start playing music?” or reported an instrument
in response to the question “What instruments can you play (includ-
ing voice)?”were not included in either group. According to this cri-
terion, 24 musicians and 34 nonmusicians were identified (Table 1).
The remaining participants with between 1 and 6 years of musical
experience were not included in this analysis. Of the participants
in the music group, four reported experience with voice only,
10 reported instrumental musical experience only, eight reported
voice and instrumental experience, and two did not provide a
response.
To determine whether this study had sufficient power to detect a

difference between musicians and nonmusicians in attend pitch ver-
sus attend loudness tasks, we conducted an observed power analysis
using the simr package (Green & MacLeod, 2016) in R (version
4.1.3). To do this, we constructed a mixed-effects logistic regression
model with group (musicians, nonmusicians), task (attend pitch,
attend loudness), and their interaction as fixed effects and accuracy
on each trial as the dependent variable. This model with the group×
task interaction was compared to a model without the interaction
term using a likelihood ratio test. Based on 100 simulations, a sam-
ple size of 58 participants (24 musicians, 33 nonmusicians) provided
over 80% power (95% confidence intervals= 96.38%–100%) to
detect a significant interaction between group and task.

Stimuli

The stimuli for these tasks were derived from recordings from the
MBOPP database (Jasmin, 2020). The initial recordings were made
by a Southern British English-speaking voice actor reading aloud
two different sentences (capitalization indicating contrastive focus):
“Dave likes to STUDY music, but he doesn’t like to PLAY music”
and “Dave likes to study MUSIC, but he doesn’t like to study
HISTORY” (Jasmin et al., 2021; Jasmin, 2020). The original stimuli
were recorded at a sampling rate of 44.1 kHz, and all morphed stimuli
were subsequently presented at this same rate. From the initial record-
ings, the words “study music” were extracted and morphed along two

dimensions (F0 and amplitude) using STRAIGHT software
(Kawahara et al., 2013; Kawahara & Irino, 2005) with the standard
procedure. First, F0 was extracted from the voiced segments of each
phrase. Then the aperiodicity of the signal and filter characteristics
were analyzed. This resulted in two morphing substrates, which rep-
resent the speech signal decomposed into F0, aperiodic components,
and filter characteristics. The morphing substrates were manually
time-aligned by marking corresponding “anchor points” (e.g., onset
of key words or phonemes) in each recording. Pitch (F0) and loudness
(amplitude) were then morphed along four levels: 1 (100% contribu-
tion of “STUDY music,” 0% contribution of “study MUSIC”), 2
(67% contribution of “STUDY music,” 33% contribution of “study
MUSIC”), 3 (33% contribution of “STUDY music,” 67% contribu-
tion of “study MUSIC”), and 4 (0% contribution of “STUDY
music,” 100% contribution of “studyMUSIC”). The use of four levels
meant that there was a correct response for each item, allowing us to
determine whether musicianship was associated with better selective
attention to pitch versus loudness. The four levels of pitch were
crossed with four levels of loudness, resulting in 16 unique stimuli,
reflecting a combination of each pitch and loudness level. Each stim-
ulus was presented 3 times for a total of 48 stimuli. This decision on
the number of trials to includewas based on prior work comparing dif-
ferences between Mandarin and English speakers (Jasmin et al.,
2021).

To ensure this morphing procedure produced the desired changes
in pitch and loudness across morphing levels and that the different
morphing levels were evenly spaced perceptually, we computed dif-
ferences in mean F0, maximum F0, and mean dB (rms) between
“study” and “music” were computed for each of the pitch and loud-
ness levels using Praat (version 6.1.08, Boersma &Weenink, 2019).
These features were selected based on prior work showing that dif-
ferences in mean F0, maximum F0, and intensity signal the location
of linguistic focus (Breen et al., 2010). Differences in the mean F0 at
each of the four pitch levels were +7.60, 4.29, 0.51, and−3.46 semi-
tones, with negative values indicating a higher mean F0 for “music”
compared to “study”. Differences in maximum F0 at each of the four
pitch levels were +8.71, +2.44, −2.09, and −5.58 semitones, with
negative values indicating a higher maximum F0 for “music” com-
pared to “study.”Differences in dB (rms) at each of the four loudness
levels were 5.23, 1.52, −2.80, and −7.29 dB, with negative values
indicating higher dB levels for “music” compared to “study.”
Examining these differences also shows that the four levels were
evenly spaced in semitone and dB space. For example, the differ-
ences between successive mean F0 levels were: 3.31 (level 2–1),
3.78 (level 3–2), and 3.97 (level 4–3) semitones. Similarly, the dif-
ferences between successive loudness levels were: 3.71 (level 2–1),
4.32 (level 3–2), and 4.49 (level 4–3) dB. Tables summarizing the
acoustic features of these stimuli can be found in the online supple-
mental materials.

Procedure

Upon signing up to the study, participants were presented with a
link to the experiment. After providing informed consent, partici-
pants completed a short demographic questionnaire in which they
provided information about their age, gender, language background
(native and second languages), and musical experience (years of
training, age at which training began, instrument(s) on which they
were instructed, and hours spent listening to music).

Table 1
Summary of Age, Gender, and Language Background for Musician
(6+ Years of Experience) and Nonmusician (0 Years of Experience)
Groups

Musicians Nonmusicians
N 24 34

Gender Female: 14 Female: 20
Male: 7 Male: 14
Other: 3 Other: 0

Age Mean: 34.58 Mean= 34.03
SD: 11.42 SD= 11.94

Languages # Speak L2: 7 # Speak L2: 2
L2 Age Range: 5–25 L2 Age Range: 5–16
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On each trial, participants were presented with a single auditory
stimulus and asked to indicate which of the two words was louder
(attend loudness task) or higher in pitch (attend pitch task).
Participants made their responses by clicking an on-screen button
labeled “1” for the first word or “2” for the second word.
Feedback was provided on each trial in the form of a green check
mark if the response was correct and a red “x” if the response was
incorrect. Attend loudness and attend pitch tasks were completed
in separate blocks to minimize switching costs, with the order of
the blocks counterbalanced across participants.

Data Processing and Analysis

The data were analyzed with a mixed-effects logistic regression
model using the lme4 package (Bates et al., 2015) in R (R Core
Team, 2022). The dependent variable was accuracy on each trial
(1= correct, 0= incorrect). The categorical variables group (musi-
cian, nonmusician) and task (attend pitch, attend loudness) were cen-
tered (−0.5 and 0.5), and the continuous predictors pitch level (1–4)
and loudness level (1–4) were standardized by centering and divid-
ing by 2 SDs using the “rescale” function in the arm package
(Gelman et al., 2021). By standardizing each variable, the beta coef-
ficients from the model represent the change in log odds given an
increase of 1 SD of that variable. Participant was included a random
intercept with random slopes for pitch level, loudness level, and their
interaction. Processed data files and data processing scripts for
Experiments 1 and 2 are available at: https://osf.io/da6pv/.

Results

Results of the mixed-effects logistic regression model are summa-
rized in Table 2. There was a significant effect of task (β=−0.506,
p, .001) as well as a group× task interaction (β= 1.050,
p, .001), suggesting that performance was better in the attend
pitch compared to the attend loudness task for musicians compared
to nonmusicians (Figure 1). To resolve this interaction, we con-
structed separate models for attend pitch and attend loudness
tasks. Compared to nonmusicians, musicians showed better

dimension-selective attention performance in the attend pitch task
(β= 1.040, p, .001), but not the attend loudness task (β=−
0.122, p= .486).

To determine whether there was evidence for the null hypothesis,
we computed the proportion of correct responses in the attend loud-
ness task for each group and compared performance between musi-
cians and nonmusicians using Bayesian independent samples t-tests
(two-tailed) using (JASP). The resulting Bayes Factor was 0.359,
providing anecdotal evidence in favor of the null hypothesis. By
contrast, in the attend pitch task, the Bayes Factor was 283.415, pro-
viding strong support for the alternative hypothesis.

Discussion

Experiment 1 tested whether musical experience is linked to an
increase in pitch salience during speech perception. In this experi-
ment, listeners judged the pitch and loudness of phrases that varied
orthogonally in fundamental frequency and amplitude. Musicians
out-performed nonmusicians when attending to pitch and ignoring
variations in loudness. However, musicians and nonmusicians
showed equivalent levels of performance when attending to loud-
ness and ignoring pitch.

Importantly, these results do not support our hypothesis that musi-
cal training is linked to an increase in the salience of pitch, that is, its
tendency to capture attention regardless of task. If pitch were more
salient for musicians, then they would not only perform better on
the attention-to-pitch condition but worse on the attention-to-loudness
condition. Instead, these results suggest that musicians benefit from a
dimension-specific enhancement of control over attention: they are
better able to attend to pitch, but only do so when it is task-relevant.
Moreover, this enhancement seems to transfer from music to speech,
since the dimension-selective attention task used speech stimuli.

The differences in dimension-selective attention-to-pitch perfor-
mance between musicians and nonmusicians were greatest near the
corners of the stimulus space (see Supplementary Materials) where
pitch differences between the first and second word were largest
(level 1= 8.71 semitones, level 4=−5.58 semitones) regardless of
the differences in loudness (level 1= 5.23 dB, level 4=−7.29 dB).
Thus, it is unlikely that nonmusicians were simply unable to hear
the differences in pitch between the first and second words. Instead,
the group difference in the attend pitch task likely reflects an enhanced
ability on the part of the musicians to maintain their focus on pitch
information, despite the distracting variation in loudness information
from trial to trial. This finding is consistent with the hypothesis that
experience repeatedly directing attention to pitch in music may
enhance pitch salience across domains. However, this finding is
also consistent with a competing explanation, in which individuals
with greater domain-general pitch salience are more likely to seek
out and to continue musical training. Future longitudinal intervention
research is needed to disentangle these two explanations.

In contrast to the attend pitch task, musicians and nonmusicians
did not differ in dimension-selective attention to loudness. Like
pitch, loudness varies throughout the course of a musical piece
and is an important component of musical affect (Ilie &
Thompson, 2006). Therefore, it is not immediately clear why musi-
cians do not show enhanced selective attention to loudness as well.
According to the OPERA hypothesis (Patel, 2011, 2014), in order
for the effects of musical training to transfer to speech, music
must place greater demands on the processing of a given acoustic

Table 2
Summary of Fixed Effects in a Mixed-Effects Logistic Regression
Model for the Dimension-Selective Attention Tasks. Reference
Level is Provided in Parentheses for Categorical Predictors

Predictor Estimate SE z p

Intercept 1.127 0.101 11.180 ,.001
Task (attend loudness) −0.506 0.079 −6.442 ,.001
Group (nonmusicians) −0.119 0.156 −0.760 .447
Pitch 0.081 0.117 0.689 .491
Loudness 0.117 0.124 0.951 .341
Task×Group 1.050 0.130 8.090 ,.001
Task× Pitch −0.214 0.157 −1.359 .174
Group× Pitch −0.171 0.179 −0.952 .341
Task× Loudness −0.048 0.157 −0.308 .758
Group× Loudness −0.210 0.189 −1.110 .267
Pitch× Loudness 0.149 0.251 0.592 .554
Task×Group× Pitch 0.056 0.260 0.216 .892
Task×Group× Loudness −0.099 0.260 −0.380 .704
Task× Pitch× Loudness 0.358 0.315 1.137 .255
Group× Pitch× Loudness 0.026 0.385 0.066 .947
Task×Group× Pitch× Loudness 0.273 0.520 0.524 .600
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dimension compared to speech. At least for nontonal language
speakers, music appears to place greater demands on pitch process-
ing compared to speech (see General Introduction). However, there
is currently no clear evidence whether or not this is the case for
loudness.
In summary, results from Experiment 1 suggest that musical

experience is associated with enhanced dimension-selective

attention to pitch but not loudness. This suggests that musical
training is linked to an enhanced ability to selectively attend to
certain acoustic dimensions in speech. In Experiment 2, we inves-
tigated whether this enhanced dimension-selective-attention abil-
ity might lead musicians to adopt different strategies for
integrating across dimensions during speech categorization, rela-
tive to nonmusicians.

Figure 1
Comparison of Dimension-Selective Attention Performance Between Musicians (n= 24) and Nonmusicians (n= 34)

Note. Error bars represent SE of the mean. Thick lines represent the average across participants while thin lines represent the average
percentage of “second sound higher” or “second sound louder” responses for each individual. (A) Predicted proportion correct from
the model on the attend pitch and loudness tasks for musicians (red) and nonmusicians (black), with error bars representing the 95% con-
fidence intervals. Individual data points displaying the mean proportion correct for each individual are displayed as lightpoints.
(B) Percentage of “second sound higher” responses in the attend pitch task as a function of pitch level (left) and loudness level (right)
for musicians (red) and nonmusicians (black). Error bars represent SE of the mean. Thin lines represent the average percentage of “second
sound higher” or “second sound louder” responses for each individual. (C) Percentage of “second sound louder” responses as a function of
pitch level (left) and loudness level (right) for musicians (red) and nonmusicians (black). See the online article for the color version of this
figure.
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Experiment 2

Introduction

The aim of Experiment 2 was to examine, in musicians and non-
musicians, the relative weighting of pitch and duration cues during
the categorization of two suprasegmental speech features: word
emphasis and phrase boundaries. Based on previous research, we
predicted that, on average, listeners would weight pitch more highly
than duration in the linguistic focus task (Jasmin, 2020) and duration
more highly than pitch in the phrase boundary task (Jasmin et al.,
2021). In addition, we originally predicted that musicians would
place greater weight on pitch relative to duration information across
both tasks, due to musical experience being linked to increased pitch
salience. However, Experiment 1 showed that while musicians were
better able to attend to pitch when it was task-relevant, they had no
difficulty ignoring pitch when it was irrelevant. This suggests that
musicians may benefit from an enhanced ability to selectively attend
to any acoustic dimension with which they have extensive experi-
ence due to practice performing and perceiving music, but do not
have difficulty ignoring these dimensions. As mentioned above,
pitch may be particularly important in music because of its role in
conveying melodic structure. However, duration is also important
for conveying certain forms of musical structure, including musical
phrasing (A. T. Tierney et al., 2011) and beats (Ellis & Jones, 2009).
An alternate possibility, therefore, is that, relative to nonmusicians,
musicians would place greater weight on the most useful dimension
for a given categorization task, weighting pitch more highly for lin-
guistic focus and duration more highly for phrase boundary.

Methods

Participants

The same participants who completed Experiment 1 took part in
Experiment 2. To minimize spurious data points, only participants
for whom there was a significant relationship ( p, .001) between
at least one of the stimulus dimensions and categorization responses
in both the linguistic focus and phrase boundary tasks were included
(n= 82). Analysis including all participants are included in the
Supplementary Materials.
As in Experiment 1, participants were divided into two groups

based on their reported years of musical experience, with musicians
(n= 24) defined as those having at least 6 years of musical experi-
ence (J. D. Zhang et al., 2020) and nonmusicians (n= 34) defined
as those with 0 years of musical experience.
As in Experiment 1, an observed power analysis was conducted to

determine whether this experiment had sufficient power to detect the
interactions between group and dimension. For focus and phrase
tasks, separate mixed-effects logistic regression models were con-
structed with group (musicians, nonmusicians), pitch level (1–5),
and duration level (1–5), and their interaction as fixed effects and
response on each trial as the dependent variable. Based on 100 sim-
ulations, a sample size of 58 participants (24 musicians, 34 nonmu-
sicians) provided over 80% power to detect a significant interaction
between group and duration level in the phrase task (95% confidence
interval [96.38%–100%]) and between group and pitch level
[96.38%–100%] in the focus task.
The Ethics Committee in the Department of Psychological

Sciences at Birkbeck, University of London approved all

experimental procedures. Informed consent was obtained from all
participants. Participants were compensated for their participation
in the form of payment at a standard rate.

Stimuli

The stimuli used for the focus and phrase tasks were obtained
from the Multidimensional Battery of Prosody Perception (Jasmin,
2020).

Linguistic Focus

The focus stimuli were derived from recordings made by a
Southern British English-speaking voice actor reading aloud two
different sentences (capitalization indicating contrastive focus):
“Dave likes to STUDY music, but he doesn’t like to PLAY
music” and “Dave likes to study MUSIC, but he doesn’t like to
study HISTORY” (Jasmin, Dick, Holt, & Tierney, 2020; Jasmin,
2020). The original stimuli were recorded at a sampling rate of
44.1 kHz, and all morphed stimuli were subsequently presented at
this same rate. The first five words from each recording were
extracted to obtain two versions of the same phrase (“Dave likes to
study music”) that differed in the location of linguistic focus
(“study” vs. “music”). The voice morphing software STRAIGHT
(Kawahara & Irino, 2005) was used to create stimuli that varied in
the extent to which changes in pitch (F0) or duration cued the
focused word. The morphing procedure was identical to
Experiment 1 with the exception that pitch and duration were
morphed while other dimensions were held constant. Both pitch
and duration dimensions varied along five levels that reflect the rel-
ative contribution of each original recording to the morphed stimu-
lus: 1 (100% contribution of “STUDY music,” 0% contribution of
“study MUSIC”), 2 (75% contribution of “STUDY music,” 25%
contribution of “study MUSIC”), 3 (50% contribution of “STUDY
music,” 50% contribution of “study MUSIC”), 4 (25% contribution
of “STUDY music”, 75% contribution of “study MUSIC”), 5 (0%
contribution of “STUDY music”, 100% contribution of “study
MUSIC”). The use of five levels meant that the stimulus space
included tokens in which each dimension could be perceptually
ambiguous (level 3). The five levels of pitch were crossed with the
five levels of duration, resulting in 25 focus stimuli, one for each
combination of pitch and duration levels.

To ensure that the differences along each dimension were
large enough to be detected among the general population, we mea-
sured the mean F0 and maximum F0 of the words “study” and
music’ and the duration of the stressed syllables using Praat (ver-
sion 6.1.08, Boersma & Weenink, 2019). The differences in
mean F0 between study and music at each of the five pitch levels
were +7.72, +5.22, +2.76, −0.40, and −2.97 semitones, with neg-
ative values reflecting higher mean F0 for “music” compared to
“study”. The differences in maximum F0 between study and
music at each of the five pitch levels were +7.96, +4.16, +0.16,
−2.82, and −5.41 semitones, with negative values reflecting
higher maximum F0 for “music” compared to “study”. The differ-
ences in duration between the stressed syllables of “study” and
“music” at each of the five duration levels were 195.02, 134.24,
84.96, 20.90, and −19.26 ms, with negative values indicating a
longer duration of the stressed syllable in “music” compared to
“study”.

PROSODIC CUE WEIGHTS REFLECT MUSICAL EXPERIENCE 7



Phrase Boundary

The phrase stimuli were derived from recordings made by a
Southern British English-speaking voice actor reading aloud two
different sentences: “If Barbara gives up, the ship will be plun-
dered” and “If Barbara gives up the ship, it’ll be plundered”
(Jasmin, 2020; Jasmin et al., 2021). The original stimuli were
recorded at a sampling rate of 44.1 kHz, and all morphed stimuli
were subsequently presented at this same rate. The first six words
from each recording were extracted to obtain two versions of the
same phrase (“If Barbara gives up the ship”) that differed in the
position of the phrase boundary. The recording in which the phrase
boundary occurs after the word “up” is referred to as “early clo-
sure” and the recording in which the phrase boundary occurs
after “ship” is referred to as “late closure.” As with the focus stim-
uli, STRAIGHT software was used to create stimuli that varied in
the extent to which pitch (F0) or duration cued the position of the
phrase boundary. Both dimensions varied along five levels: 1
(100% contribution of early closure, 0% contribution of late clo-
sure), 2 (75% contribution of early closure, 25% contribution of
late closure), 3 (50% contribution of early closure, 50% contribu-
tion of late closure), 4 (25% contribution of early closure, 75% con-
tribution of late closure), 5 (0% contribution of early closure, 100%
contribution of late closure). The inclusion of five levels meant that
the stimulus grid included tokens in which each dimension could
be perceptually ambiguous (level 3). This resulted in 25 phrase
boundary stimuli, one for each combination of pitch and duration
levels.
Differences in the mean F0, maximum F0 and duration of the

words “up” and “ship” were calculated using Praat (version
6.1.08, Boersma & Weenink, 2019). The differences in mean F0
between “up” and “ship” at each of the five pitch levels were
−1.59, −4.02, −4.86, −6.17, and −7.66 semitones, with negative
values indicating higher mean F0 for the word “ship” compared to
“up”. The differences in maximum F0 between “up” and “ship” at
each of the five pitch levels were 0.23, −1.96, −4.17, −6.24, and
−8.04 semitones, with negative values indicating higher maximum
F0 for the word “ship” compared to “up”. Differences in duration at
each of the five duration levels were 39.36, −2.36, −92.92,
−131.40, and −206.54 ms, with negative values indicating longer
duration for “ship” compared to “up”.

Procedure

The focus and phrase tasks were presented in separate, alternating
blocks. Our aim in presenting the tasks in alternating blocks was to
keep participants as engaged with the tasks as possible and minimize
potential fatigue that might occur during longer and more repetitive
online tasks. Therewere 10 blocks of each task, each consisting of 25
stimuli (250 stimuli per task). In the first block of each task, partic-
ipants were presented with a set of instructions alongside an example
of each recording in which the pitch and duration were unaltered.
Participants were asked to play each example 3 times before proceed-
ing to the practice trials. There were two practice trials, consisting of
the same stimuli as the examples. During the practice trials, partici-
pants listened to a single stimulus and were asked to categorize the
stimulus by pressing one of two buttons on the screen. In the focus
task, participants were asked to indicate whether the phrase resem-
bled “STUDY music” or “study MUSIC”, and in the phrase task,

participants were asked to indicate whether the phrase resembled
“If Barbara gives up, the ship” or “If Barbara gives up the ship.”
When the response was incorrect, the word “Nope…” appeared on
the screen. The feedback remained on the screen until participants
clicked a button to move onto the next trial. The trial structure of
the main tasks was identical to the practice except that feedback
was no longer provided.

Data Processing and Analysis

Data were then analyzed with a mixed-effects logistic regression
model using the lme4 package (Bates et al., 2015) in R (R Core
Team, 2022). The dependent variable was the response on each
trial. The categorical variable group (musician, nonmusician) was
centered (−0.5 and 0.5), and the continuous predictors pitch level
(1–5) and duration level (1–5) were standardized by centering and
dividing by 2 SDs so that the beta coefficients from the model rep-
resent the change in log odds given an increase of 1 SD of that var-
iable. Participant was included in a random intercept along with
random slopes for pitch level and duration level, and their
interaction.

Results

Results of the mixed-effects logistic regression model are summa-
rized in Table 3. In the focus task (Figure 2), participants’ categori-
zation responses were influenced by both pitch (β= 1.922,
p, .001) and duration (β= 2.159, p, .001). An interaction
between group× pitch showed that pitch had a greater influence
on the categorization responses of musicians compared to nonmusi-
cians (β= 2.474, p, .001). Additionally, there was a small but sig-
nificant interaction between pitch and duration (β=−0.379
p= .048).

In the phrase task (Figure 3), participants’ responses were
influenced by both pitch (β= 1.022, p, .001), and duration
(β= 3.542, p, .001). An interaction between group× duration
(β= 1.077, p= .020) showed that duration had a greater influence

Table 3
Summary of Fixed Effects in a Mixed-Effects Logistic Regression
Model for the Categorization Tasks. Reference Level is Provided
in Parentheses for Categorical Predictors

Task Predictor Estimate SE z p

Focus task Intercept −0.483 0.124 −3.892 ,.001
Group (nonmusicians) −0.156 0.195 −0.801 .423
Pitch 1.922 0.375 5.127 ,.001
Duration 2.159 0.216 10.003 ,.001
Group× Pitch 2.474 0.593 4.173 ,.001
Group×Duration −0.522 0.338 −1.546 .122
Pitch×Duration 0.379 0.192 1.977 .048
Group× Pitch×Duration 0.382 0.336 1.136 .256

Phrase task Intercept 0.077 0.133 0.575 .565
Group (nonmusicians) −0.141 0.207 −0.681 .496
Pitch 1.022 0.152 6.744 ,.001
Duration 3.542 0.295 12.006 ,.001
Group× Pitch 0.007 0.235 0.030 .976
Group×Duration 1.077 0.461 2.334 .020
Pitch×Duration 0.377 0.195 1.929 .054
Group× Pitch×Duration 0.215 0.305 0.706 .480
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on the categorization responses of musicians compared to
nonmusicians.

Discussion

Results from two prosodic categorization tasks showed that the
degree of musical experience was linked to listeners’ prosodic cue
weighting strategies. However, contrary to our predictions, musi-
cians did not simply upweight pitch cues irrespective of task.
Instead, musicians weighted pitch more highly in the linguistic
focus task and duration more highly in the phrase boundary task.
What could explain musicians’ tendency to upweight primary

cues during suprasegmental categorization? Our findings are consis-
tent with attentional theories of cue weighting (Francis et al., 2000;
Francis & Nusbaum, 2002; Gordon et al., 1993; Heald & Nusbaum,
2014; Holt et al., 2018), which suggest that attention is directed
toward acoustic dimensions that are informative. Results from both
Experiments 1 and 2 suggest that prior experience directing selective

attention to single acoustic dimensions in music to perceive melody
and rhythmmay leadmusicians to adopt a similar perceptual strategy
during speech perception. However, we cannot rule out the possibil-
ity that individuals with better dimension-selective attention ability
may be more likely to seek out musical training. Therefore, future
longitudinal work comparing changes dimension-selective attention
and cue weighting strategies throughout the course of musical
training could provide further insight into the relationship between
musical training, dimension-selective attention, and speech
perception.

While pitch has perhaps been most extensively studied in exper-
iments of cross-domain transfer of music and speech perception,
timing also conveys crucial structural information in music
(Patel, 2014). While timing serves an important function in speech
perception, the redundancy present in the speech signal may lessen
the demands on temporal processing compared to music.
Consistent with this idea, musicians show better discrimination
ability for both verbal and nonverbal sounds (Sares et al., 2018),

Figure 2
Predicted Proportion of “study MUSIC” Responses as a Function of Pitch Level (A, C) and Duration
Level (B, D) in the Focus Task for Musicians (A, B) and Nonmusicians (B, C)

Note. Thick dark lines represent the model predictions with error bars representing the 95% confidence intervals.
Thin light lines show the mean proportion of “study MUSIC” responses from each individual participant in the
musician and nonmusician groups. See the online article for the color version of this figure.
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as well as larger mismatch negativity (MMN) responses to tempo-
ral deviants in speech (Chobert et al., 2011, 2014). Thus, just as
with pitch, experience directing attention to temporal cues in
music may enhance musicians’ ability to attend to temporal infor-
mation in speech.
One lingering question to be addressed in future research is

whether the increased primary weighting and decreased secondary
weighting demonstrated by musicians in this study generalize to
other acoustic dimensions that are less relevant to music perception.
The results of Experiment 1 suggest that musicians’ enhanced
dimension-selective attention ability does not extend to all acoustic
dimensions, because musicians and nonmusicians performed equiv-
alently on the attention-to-loudness task. As a result, if musicians’
increased primary weighting is driven by enhanced dimension-
selective attention, it may not extend to dimensions such as formant
frequency that are important in the perception of both segmental

(vowels) and suprasegmental (lexical stress) speech features but
are not relevant to music.

General Discussion

In two experiments, we show that musical experience is linked to
an enhanced ability to focus on the acoustic dimension most relevant
to a given speech perception task, while ignoring less relevant acous-
tic information. Compared to nonmusicians, musicians showed
enhanced dimension-selective attention to pitch but similar attention
to loudness (Experiment 1) in speech. Musicians also showed
greater reliance on pitch cues relative to duration cues during linguis-
tic focus perception, but greater reliance on duration cues relative to
pitch cues during linguistic phrase boundary perception (Experiment
2). These findings suggest that musicians’ enhanced ability to selec-
tively attend to certain dimensions leads them to adopt perceptual

Figure 3
Predicted Proportion of Late Closure (“If Barbara gives up the ship,”) Responses as a Function of
Pitch Level (A, C) and Duration Level (B, D) in the Phrase Task for Musicians (A, B) and
Nonmusicians (B, C)

Note. Thick dark lines represent predicted response proportion with error bars representing the 95% confidence
intervals. Thin light lines show the mean proportion of late closure responses from each individual participant in
the musician and nonmusician groups. See the online article for the color version of this figure.
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strategies in which the most reliable cue to a categorization task is
upweighted. This interpretation is consistent with attentional theo-
ries of cue weighting (Francis & Nusbaum, 2002; Gordon et al.,
1993; Holt et al., 2018), which suggest that salient acoustic dimen-
sions receive greater perceptual weight during categorization.
More broadly, our findings support the possibility that experience

outside the domain of language may shape listeners’ speech percep-
tion strategies. As suggested by the OPERA hypothesis, cross-
domain transfer can occur when experience in one domain places
greater demands on neural resources that are shared across the two
domains (Patel, 2011, 2014). Our results provide tentative support
hypothesis, suggesting that musical experience can lead to domain-
general enhancements in dimension-selective attention abilities that
support both speech and music perception. However, in this study,
we only examined one type of nonlinguistic experience (music)
and cannot differentiate between the effects of musical aptitude ver-
sus experience. One promising avenue for future research would be
to compare cross-domain transfer effects in populations with differ-
ent types of auditory expertise. Recent work comparing musicians
and audio engineers has found a dissociation in the types of auditory
skills influenced by these different types of auditory expertise
(Caprini et al., 2021). While musicians showed better auditory selec-
tive attention compared to controls, sound engineers showed better
memory and recall for auditory scenes. Different types of musical
experience may also lead to different perceptual effects, such as
enhanced pitch discrimination for musicians trained on variable
pitch (string and wind) compared to fixed-pitch (keyboard) instru-
ments (Micheyl et al., 2006) and percussion (Zaltz et al., 2017).
Together, these findings suggest that different types of auditory
experience can shape different auditory skills. Future work investi-
gating whether and how different types of auditory experience trans-
fer to speech may provide insight into the precise mechanisms that
support speech categorization and help inform the development of
auditory training protocols to boost speech perception abilities
(e.g., Whitton et al., 2014, 2017).

Effect of Musical Experience on Dimension-Selective
Attention

Our initial hypothesis was that pitch salience would be greater
for musicians due to their history of directing attention to pitch
to detect musical features such as melody and harmony. Increased
pitch salience would have resulted in enhanced performance
on the attention-to-pitch task but impaired performance on the
attention-to-loudness task, due to an inability to ignore task-irrelevant
pitch information. Instead, we found that while musicians out-
performed nonmusicians when attending to pitch and ignoring loud-
ness, there were no differences between groups when attending to
loudness and ignoring pitch. This suggests that musicians’ enhanced
ability to attend to pitch does not reflect bottom-up salience. Instead, it
may reflect an enhanced ability to direct attention to specific acoustic
dimensions. This broadly aligns with previous work demonstrating
enhanced executive function in musicians, including enhanced inhib-
itory control (Bialystok & DePape, 2009; Moreno & Farzan, 2015;
Moussard et al., 2016; Schroeder et al., 2016; Slater et al., 2017;
Travis et al., 2011; but see D’Souza et al., 2018; Slevc et al., 2016;
A. Tierney et al., 2020), working memory (Clayton et al., 2016;
D’Souza et al., 2018; Okada & Slevc, 2018; Slevc et al., 2016;
A. T. Tierney et al., 2008; Zuk et al., 2014), and selective attention

(Amer et al., 2013; Rodrigues et al., 2013). This prior research has
found that musician enhancements in executive function extend
broadly across domains (speech vs. music) and modalities (auditory
vs. visual). By contrast, our results speak to a more modality and
dimension-specific specific process. Consistent with the OPERA
hypothesis (Patel, 2011, 2014), our results suggest that musical expe-
rience produces cross-domain enhancements to the ability to selec-
tively attend to acoustic dimensions that are directly relevant to
music perception and production.

These findings contrast with research in Mandarin speakers, who
are better able to attend to pitch and ignore changes in loudness com-
pared to nontonal language speakers but have difficulty ignoring
pitch when attending to loudness (Jasmin et al., 2021). In other
words, unlike musicians, Mandarin speakers seem to experience
increased pitch salience, with pitch tending to capture attention
even when it is not task-relevant. One possible explanation for this
discrepancy is that while the Mandarin speakers had lifelong lan-
guage experience, starting at birth, our musicians had comparatively
fewer years of experience (6+) and began learning music later in life.
Another possible explanation is that language learning in childhood
relies on implicit mechanisms, while musical training is primarily
explicit. If explicit training later in life leads to changes in
dimension-selective attention rather than dimensional salience,
then similar effects may be found for second language learning in
adulthood. For example, native speakers of a nontonal language
learning a tonal language in adulthood may not experience increased
pitch salience and this could lead to a pattern like the musicians in
the current study (being better able to attend to pitch when it is
task-relevant but still able to ignore it when it is not).

Effect of Musical Experience on Prosodic Categorization

Compared to nonmusicians, musicians weighted pitch more
highly when categorizing linguistic focus and duration more highly
when categorizing phrase boundary location. Prior work has shown
that, on average, pitch is the more informative cue for linguistic focus
(Breen et al., 2010) while duration is the more informative cue for
phrase boundary (de Pijper & Sanderman, 1994; Streeter, 1978).
Thus, our results showed that musicians placed greater weight on
each dimension only when that dimension was sufficiently informa-
tive for categorization. Prosodic cue weighting strategies have been
shown to be influenced by both auditory perceptual ability (Jasmin,
Dick, Holt, & Tierney, 2020) and language experience (Jasmin et al.,
2021). Herewe show that musical experience may be another predic-
tor of individual differences in cue weighting strategies. The greater
pitch weighting in the linguistic focus task by musicians is consistent
with findings from a recent study showing that short-term musical
training can influence cue weighting during lexical tone categoriza-
tion (Wiener & Bradley, 2020). However, our results suggest that the
link between musical experience and dimensional weighting may
not necessarily be pitch-specific. Instead, although musical experi-
ence may be linked to an improved ability to attend to pitch or dura-
tion, musicians may only make use of this ability when strongly
weighting each dimension would be a successful strategy, due to it
being a particularly informative cue to categorization. This possibil-
ity can be explored in future longitudinal studies examining shifts in
cue weighting across different contrasts and domains (e.g., music vs.
speech) throughout the course of musical training.
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Our finding that musical experience influences the ability to selec-
tively attend to certain acoustic dimensions during speech perception
may have implications for second language learning. One common
source of difficulty in second language learning is that individuals
need to learn to attend to acoustic cues that are useful for categoriza-
tion in their new language but were less important in their native lan-
guage. For instance, native English speakers learningMandarin have
difficulty attending to pitch contour, the most diagnostic cue for tone
categorization. However, musical training may confer an advantage
when learning lexical tones (e.g., Lee & Hung, 2008; Marie et al.,
2011; Zhao & Kuhl, 2015), and has been associated with more
robust neural encoding of pitch information (Wong & Perrachione,
2007). Moreover, a recent study found that short-term musical
training led to an increase in the weighting of pitch contour during
the discrimination of lexical tones (Wiener & Bradley, 2020).
Similarly, durational cues can also serve as a vital cue for segmental
categorization in many languages (e.g., germinate and singleton
consonants in languages such as Italian and Japanese). Although
perceiving these durational cues can be a challenge for non-native
speakers, there is some evidence to suggest that musical training
confers an advantage for discriminating and identifying durational
cues in Japanese germinate consonants (Sadakata & Sekiyama,
2011). These findings suggest that musical training may improve
the ability to make use of specific acoustic dimensions cues during
second language learning. Our results point toward a potential mech-
anism underpinning this musician advantage. That is, musical train-
ing may enhance the ability to selectively attend to acoustic cues
(including pitch and duration), facilitating the acquisition of non-
native speech contrasts. This link between dimension-selective
attention, musical training, and second language learning could be
addressed in future longitudinal studies investigating whether
changes in the ability to attend to pitch or durational cues throughout
the course of musical training correlate with success in learning a
second language.

Limitations and Future Directions

Taken together, our findings suggest that musicianship may help
explain variation in cue weighting strategies between individuals. It
remains unclear, however, whether individual differences in cue
weighting strategies remain consistent across domains. The present
study employed two tasks with different prosodic contrasts (linguistic
focus and phrase boundary); future research could investigatewhether
perceptual strategies generalize to nonlinguistic tasks (e.g., music per-
ception). Another potential avenue for future research is exploring the
extent to which musical training versus aptitude contributes to differ-
ences in cue weighting strategies. In the present study, we cannot rule
out the possibility that musical aptitude (Mankel & Bidelman, 2018)
rather than musical training contributed to the differences between
groups. Therefore, future research measuring musical aptitude in
trained musicians and nonmusicians may be able to disentangle the
extent towhich these differences in cueweighting strategies are innate
versus experience-dependent. In addition, short-term musical training
studies could help disentangle the effects of preexisting musical apti-
tude versus learning transfer. Nevertheless, our findings suggest musi-
cality as one potential factor underpinning individual differences in
prosodic cue weighting strategies.
Our use of an online data collection platform meant that it was not

fully possible to control the listening conditions of our participants.

Although it is possible that differences in listening conditions could
have contributed to the variability in the data, these differences are
unlikely to fully explain the differences observed between musicians
and nonmusicians. First of all, both groups performed above chance
for the unambiguous stimuli, suggesting that participants’ listening
conditions were sufficient to perform the tasks. Second, differences
between musicians and nonmusicians were largely confined to the
corners of the stimulus spaces, where acoustic differences between
categories were maximal.

Conclusions

In conclusion, here we show an association between musical
experience, dimension-selective attention, and prosodic cue weight-
ing strategies. These findings suggest that experience directing atten-
tion to acoustic dimensions outside of the domain of language can
influence how listeners make use of those dimensions during speech
and language processing (Patel, 2011, 2014). These findings also
have implications for theoretical models of speech perception.
Previous models of speech perception (Toscano & McMurray,
2010) have been based on group-aggregated data that represent the
strategies employed by the average listener. Such models implicitly
assume a single “optimal” strategy in which the listener relies on the
dimension most highly correlated with the statistics of the input.
Building upon recent research (Jasmin, Dick, Holt, & Tierney,
2020; Jasmin et al., 2021), our results suggest that individuals differ
in their perceptual strategies, which reflect a combination of the sta-
tistics of the input, auditory perceptual ability, and auditory experi-
ence both within and across domains. Future models accounting for
individual differences in the ability to attend to different acoustic
dimensions may more closely reflect the variability in listeners’
behavior.
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