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ABSTRACT

Purpose: Previous research has suggested that individuals’ higher musical apti-
tude enhances their speech perception in terms of pitch and temporal features.
However, it remains unclear whether this cross-domain transfer could extend to
the perception of second language (L2) vowels. The primary aim of this study is
to investigate how musical aptitude influences the categorical perception of
English vowels by native Mandarin speakers.

Method: Sixty Mandarin speakers were assigned into a high aptitude (HA)
group and a low aptitude (LA) group based on the median of their musical apti-
tude test scores. Each participant completed a visual-world eye-tracking experi-
ment on the categorical perception of English vowels, which included the
acoustically less salient /e/-/&/ contrast and the more salient /i/—/e1/ contrast.
Statistical analyses were conducted on both behavioral and eye-tracking data
to compare vowel categorization across different groups and vowel contrasts.
Results: Overall, the HA group significantly outperformed the LA group in vowel
categorization. In addition, the Group x Contrast interaction on boundary width
and correlational results on the eye-tracking parameter showed more robust
effect of musical aptitude observed for the acoustically less salient /e/-/x/
contrast.

Conclusion: Mandarin speakers with relatively higher musical aptitude tend to
show more refined categorization of L2 English vowels, with this cross-domain
transfer effect modulated by acoustic salience.

The potential relationship between music and lan-
guage is a topic that is ripe for investigation. A consider-
able amount of evidence deriving from neural and behav-
ioral research has demonstrated the cross-domain transfer
of musical training-induced benefits to vowel perception
(Bidelman & Alain, 2015; Bidelman & Krishnan, 2010;
Bidelman et al., 2014; Butera, 2015; Choi et al., 2024;
Cooper et al., 2016; Elmer et al., 2017; Hutka et al., 2015;
Kihnis et al.,, 2013; Marie et al., 2011; Sadakata &
Sekiyama, 2011; Z. Zhang et al., 2023). These cross-
domain benefits appear to be modulated by acoustic
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salience (Choi et al., 2024; Ong et al., 2020; Sadakata &
Sekiyama, 2011; Toh et al., 2023). However, several more
recent studies have suggested that preexisting factors—
such as musical aptitude—could play a pivotal role in
determining far-transfer effects (i.e., the generalization of
knowledge and skills obtained from music training to a
substantially different domain such as speech processing,
in stark contrast to near-transfer effects that are general-
ized within the music domain) post musical training, chal-
lenging the overestimation of musical experience per se in
enhancing speech perception (Jansen et al., 2023; Kragness
et al.,, 2021; Schellenberg, 2015; Schellenberg & Lima,
2024; Swaminathan & Schellenberg, 2017). Despite these
implications, little research has examined how musical apti-
tude affects vowel perception and how acoustic salience
might modulate this cross-domain transfer. To address
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these gaps, the overarching goal of this study was to inves-
tigate the effect of preexisting musical aptitude on the per-
ception of English vowels with varying acoustic salience
among Mandarin-speaking adults, adopting categorical
perception (CP) and visual world paradigms (VWPs).

The Selective Effect of Musical Aptitude on
Second Language Vowel Perception

As Jansen et al. (2023) pointed out, it is well-
established that musical abilities—whether acquired
through formal training or stemming from innate musical
aptitude—are closely linked to speech prosody perception.
Accumulating studies consistently demonstrated that indi-
viduals with stronger musical abilities tend to be more
sensitive to pitch-related features, particularly fundamental
frequency (F0), which is central to the perception of tone
and intonation (Bowles et al., 2016; Choi, 2022; Cui &
Kuang, 2019; Yao et al., 2022; K. Zhang et al., 2023; Zhu
et al., 2021). This advantage is often attributed to
enhanced spectral processing skills that transfer across
domains (Musso et al., 2020). Importantly, spectral pro-
cessing is not limited to pitch (F0); it also plays a key role
in formant perception (Kempe et al., 2015; Musso et al.,
2020; C. Zhang et al., 2017). FO, the acoustic correlate of
pitch, is determined by the frequency of the first harmonic
and the distance between neighboring harmonics of the
speech spectrum (Ladefoged & Johnson, 2006), suggesting
that pitch processing depends on frequency/spectral analy-
sis (C. Zhang et al.,, 2017). Similarly, the decoding of
vowels also relies on frequency/spectral processing. For
example, vowels are acoustically characterized by the fre-
quency location of spectral peaks (i.e., formants) in the
speech spectrum, with the first two formants (F1 and F2)
serving as the primary cue for distinguishing most of the
vowels (Ladefoged & Johnson, 2006; Peterson & Barney,
1952). Neuroimaging evidence further supports this associ-
ation: Spectral cues such as FO and formants are both
related to increased right-hemisphere activation (Kiihnis
et al., 2013), and musical pitch sensitivity served as the
basis for the processing of first and second formant fre-
quencies (Choi et al.,, 2024; Loui et al., 2011). Taken
together, these findings point to a robust association
between music and vowel perception, likely rooted in their
shared reliance on the processing of spectral cues (Kiihnis
et al., 2013).

Most existing research on the link between music and
vowel perception has focused on the effects of musical
training. Within this body of work, findings have been
drawn from studies examining native and second language
(L2) vowel perception. For native vowel perception, a
number of studies have reported that musicians outper-
form nonmusicians (Bidelman & Alain, 2015; Bidelman &
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Krishnan, 2010; Bidelman et al., 2014; Butera, 2015;
Elmer et al., 2017; Hutka et al., 2015; Kihnis et al., 2013;
Z. Zhang et al., 2023). However, not all findings are con-
sistent. For example, Yashaswini and Maruthy (2020)
found no effect of musical training on the CP of the native
vowel contrast /u/—/a/, although an effect was observed
for consonants. Similar patterns have been observed in stud-
ies on L2 vowel perception. Musicians have generally shown
an advantage over nonmusicians (Choi et al., 2024; Cooper
et al., 2016; Marie et al., 2011), though findings remain
mixed. Sadakata and Sekiyama (2011), for instance, observed
a musician advantage for discriminating spectral cues, but
this advantage was not consistent across all vowel contrasts.
Inconsistencies in the literature may partly reflect the limi-
tations of relying on self-reported musical experience.
Swaminathan and Schellenberg (2017) found that rhythm
perception, rather than formal musical training, was a bet-
ter predictor of nonnative phoneme discrimination perfor-
mance. These findings raise the possibility that musical
aptitude—rather than training per se—may be the more
foundational factor underlying cross-domain transfer.

Musical aptitude refers to an individual’s natural
potential in reaping musical achievement regardless of
training experience (Gordon, 1989), which is directly esti-
mated via measurements of inherent ability to perceive and
produce musical-related acoustic elements, such as pitch,
rhythm, and harmony (Jansen et al., 2023; Schellenberg &
Lima, 2024). Various standardized tools have been devel-
oped to measure musical aptitude, including Advanced
Measure of Musical Audiation (Gordon, 2007), Musical
Ear Test (Wallentin et al., 2010), Profile of Music Percep-
tion Skills (Law & Zentner, 2012), Swedish Musical Dis-
crimination Test (Ullén et al., 2014), and Montreal Battery
of Evaluation of Amusia (MBEA; Peretz et al., 2008).
While these assessments vary in scope and emphasis, they
consistently rely on closed-set, forced-choice discrimination
of melodic, rhythmic, or pitch-based stimuli to evaluate
perceptual musical aptitude. As Schellenberg (2015)
pointed out, musical aptitude could be considered as a
more foundational factor contributing to both involve-
ment and achievement in the music domain. Moreover, it
is proposed that musical aptitude has a close relationship
with nonmusical abilities of basic auditory acuities (Baldé
et al., 2025; Lehmann et al., 2015; Oikkonen et al., 2015;
Schneider et al., 2002; Shahin et al., 2007; Zheng et al.,
2022) and language skills (Choi, 2022; Jansen et al.,
2023; Mankel et al., 2020; Mankel & Bidelman, 2018;
Qin et al., 2021; Schellenberg, 2015; Schellenberg &
Lima, 2024; Strait et al., 2011; C. Zhang et al., 2017).
Recent studies suggest that musical aptitude, rather than
formal musical training, serves as a more general impulse
underlying the cross-domain transfer to enhancing speech
perception (Schellenberg & Lima, 2024).



The link between musical ability and vowel percep-
tion has been predominately examined in terms of acquired
musical experience, with comparatively limited investigation
on innate musical abilities. In particular, current findings
remain inconsistent regarding the role of musical aptitude
in influencing nonnative vowel perception. For example,
although Kempe et al. (2015) reported better discrimination
of nonnative vowel contrasts of /i/-/y/ and /i:/—/y:/ among
participants with higher musical aptitude, several more
recent studies failed to observe significant correlations
between overall scores of musical ability and perceptual
outcomes of nonnative vowels (Ghaffarvand Mokari &
Werner, 2018; Smit et al., 2022). Crucially, the extant
cross-linguistic observations mainly focused on Western
populations, with Mandarin—-English bilinguals underesti-
mated. The perception of L2 English vowels among
Mandarin-speaking learners merit further investigation
given phonological transfer challenges and the overall
elevated pitch sensitivity (i.e., a perceptual dimension
where musical aptitude may potentially exert privileged
influence). In addition, previous research exhibited over-
reliance on perceptual responses of isolated vowels or
nonword syllables, with relatively limited examination on
real-time processing dynamics of monosyllabic words. To
bridge these research gaps, this study adopted ecologi-
cally valid stimulus and time-sensitive measurement for
the investigation of musical aptitude’s role in L2 vowel
perception among Mandarin speakers.

Previous research indicated that the influence of
music-related factors on speech perception varies across
different types of speech sounds, including tones and con-
sonants (Choi et al., 2024; Ma et al., 2024; Yao et al.,
2022), as well as vowels (Jekiel & Malarski, 2021). More-
over, the cross-domain transfer effects may be modulated
by acoustic salience—defined as the degree of acoustic or
perceptual distinctiveness between phonetic categories
(Narayan et al., 2010; see also Choi et al., 2024; Ong
et al., 2020; Sadakata & Sekiyama, 2011; Toh et al.,
2023). Additionally, the way in which acoustic salience
modulates the musical advantage has produced mixed
findings. On one hand, several studies have reported
stronger effects of musical training in conditions involving
acoustically less salient contrasts, where listeners with
musical training outperformed nonmusicians (Choi et al.,
2024; Toh et al., 2023; Ong et al., 2020). On the other
hand, Sadakata and Sekiyama (2011) found greater group
differences in conditions with more salient contrasts,
where musicians showed significantly higher accuracy than
nonmusicians. Despite these mixed findings, relatively lit-
tle attention has been given to how acoustic salience may
shape the influence of musical aptitude more broadly. For
instance, Jekiel and Malarski (2021) found that Polish
learners with stronger rhythmic memory produced the

English vowel /e/ more natively than other vowels, indi-
cating a selective advantage tied to certain acoustic prop-
erties. More importantly, previous research that found the
positive effect of musical aptitude did not include vowel
contrasts with varying acoustic salience (Kempe et al.,
2015; C. Zhang et al., 2017). To address this gap and sys-
tematically investigate how musical aptitude interacts with
acoustic salience, the present study examines two vowel
contrasts that differ in acoustic distinctiveness—one with
higher salience and one with lower salience—allowing for
a more precise understanding of whether and how musical
aptitude differentially enhances L2 vowel perception based
on acoustic salience.

Assessing L2 Vowel Categorization With VWP

The categorical versus continuous accounts in vowel
perception remain a persisting theoretical issue in speech
processing. CP refers to the abstraction of phonetic cate-
gories, which is characterized by the perceptual mapping of
infinite acoustic variations onto a finite set of phonemic
labels (Harnad, 1987; Liberman et al.,, 1957; Y. Zhang,
2016). While plosive consonants exhibit robust CP (Liberman
et al., 1957), seminal work by Fry et al. (1962) posited
continuous pattern in vowel perception. However, more
contemporary research proposed a categorical-continuous

spectrum of vowel perception, with a range of variables

modulating categorical positions on the spectrum (Chen
et al., 2019). Several principal factors have been revealed,
including linguistic contexts (Repp et al., 1979), task
demands (Pisoni, 1975), and language experiences (Stevens
et al., 1969; H. Zhang et al., 2016). It is noteworthy that
Chen et al. (2019) demonstrated enhanced degree of CP for
diphthongs relative to monophthongs in native Mandarin
speakers, as acoustics of diphthongs showing much greater
dynamic pattern in spectral transitions. Emerging evidence
further suggests domain-general auditory enhancements
through musical training (Bidelman & Alain, 2015; Bidelman
& Krishnan, 2010; Bidelman et al., 2014; Butera, 2015;
Elmer et al., 2017; Hutka et al., 2015; Kiihnis et al., 2013)
and innate musical aptitude (Mankel & Bidelman, 2018;
Yashaswini & Maruthy, 2020; C. Zhang et al., 2017)
might sharpen categorical boundaries in speech percep-
tion. Crucially, this body of research suggests that the CP
paradigm is a feasible and robust method for investigating
the transfer effects of musical effects on speech perception.
Building on this line of research, the present study adopts
the CP measurement to examine how individual differ-
ences in musical aptitude modulate the perception of L2
English vowels among Mandarin speakers.

The classical CP paradigm typically incorporates
identification and discrimination tasks that predominantly
depend on endpoint measures of behavioral responses,
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neglecting the real-time cognitive processes preceding per-
ceptual decisions. While effective for assessing phonetic
categorization, both tasks may limit insights into the tem-
poral dynamics of speech processing as acoustic signals
unfold. Building on the well-established methodology by
McMurray and colleagues (McMurray et al., 2002, 2008,
2018), the current study adopts the eye-tracking technique
with VWP. As a time-sensitive approach, this technique
captures the dynamic time course of perceptual decision-
making, offering a more fine-grained investigation on how
speech sounds are processed over time. Following previous
research (McMurray et al., 2002, 2008, 2018), a dual-
modality design synergistically combines VWP with dis-
crete labeling procedures (i.e., behavioral identification
task). This task contributes to psychometric functions of
identification performances that are highly indicative of
the listeners’ phonetic categorization abilities (Bidelman,
2015; Bidelman & Alain, 2015; Bidelman et al., 2014;
Lewis & Bidelman, 2020). Therefore, the methodology
permits simultaneous examination of final categorical
judgments and the dynamic decision trajectories along
phonetic identification (Ito et al., 2018; McHaney et al.,
2021; McMurray, 2023; Qin et al., 2019; Turner, 2022).
The experimental design adopted in this study provides a
refined assessment to examine how musical aptitude mod-
ulates both the endpoint and incremental processes of L2
vowel perception in Mandarin speakers.

The Current Study

The primary aim of this study is to determine
whether, and to what extent, musical aptitude affects the
CP of L2 English vowels among native Mandarin
speakers, employing the eye-tracking technique with
VWP. The main hypothesis is that L2 listeners with higher
musical aptitude could demonstrate enhanced categoriza-
tion of English vowels, which is made on basis of previous
findings that higher musical aptitude correlates with better
speech perception (Kempe et al., 2015; Lehmann et al.,
2015; Mankel et al., 2020; Mankel & Bidelman, 2018;
Strait et al., 2011; C. Zhang et al., 2017). Moreover, prior
research indicated that acoustic salience could play a piv-
otal role in modulating the cross-domain transfer from
music to speech perception (Choi et al., 2024; Ong et al.,
2020; Sadakata & Sekiyama, 2011; Toh et al., 2023). To
systematically investigate this proposition, the present
study employed two distinct vowel contrasts, with /e/—/a/
representing less salient contrast while /i/—/el/ representing
a more salient pairing. This selection of vowel contrasts
leverages both psychoacoustic and cross-linguistic ratio-
nales. Perception of the /i/—/eV pairings benefited from
innate acoustic prominence, with diphthongs showing
greater dynamic changes in spectral variations, especially
the second formant trajectory (Chen et al., 2019). More-
over, both /i/ and /e1/ are shared in the vowel inventories
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of Mandarin and English (Yang & Fox, 2017), which may
further enhance their perceptual distinctiveness with
improved phonological familiarity for Mandarin listeners.
Therefore, the /i/—/eV/ continuum is expected to produce
more robust CP outcomes, exhibiting less sensitivity in
detecting individual differences in auditory abilities,
including those related to musical aptitude (Baldé et al.,
2025). In contrast, the /e/—/e/ contrast presented greater
challenges to L2 English learners (Jekiel & Malarski,
2021), due to their subtle distinction in spectral separa-
tions. This is particularly true for Mandarin speakers,
since the lack of a corresponding phonemic distinction in
their native vowel system (Zhou et al., 2022). It follows
that the perceptual ambiguity of /e/—/e/ contrast engaged
greater demands on fine-grained auditory discrimination that
is frequently linked to musical aptitude (Baldé et al., 2025;
Lehmann et al.,, 2015; Oikkonen et al., 2015; Schneider
et al., 2002; Shahin et al., 2007; Zheng et al., 2022). Thus,
this less salient contrast may provide greater sensitivity to
individual variability in perceptual skills. The employment
of two vowel contrasts with different acoustic salience per-
mits investigation on the interaction between musical apti-
tude and acoustic salience to shape L2 vowel categoriza-
tion among Mandarin-speaking learners, thereby pro-
viding important insights into the mechanisms underpin-
ning cross-domain transfer of musical ability to speech
perception.

Method
Participants

This study recruited 60 native Mandarin-speaking
undergraduates from Shandong University (Mue =
19.9 years, SD = 0.94), including 24 male and 36 female
participants. None of them reported a history of formal
musical training experience, visual impairments, auditory
injuries, or psychiatric disorders. Each participant received
nominal financial compensation for their participation.
Before participating in the eye-tracking experiment, the
subjects were measured on their musical aptitude and L2
English proficiency. Following prior studies (Chui & Qin,
2024; Cui & Kuang, 2019; Qin et al., 2021, 2022), musical
aptitude of the participants was assessed using MBEA
(Peretz et al., 2008). L2 English proficiency was evaluated
via a suite of tools including Lexical Test for Advanced
Learners of English (LexTALE; Lemhofer & Broersma,
2012), Shipley Vocabulary Test (Shipley, 1940), and a self-
reported language background questionnaire (Hui et al.,
2020). Additionally, the participants were assigned into
the high aptitude (HA) group (n = 30) and the low apti-
tude (LA) group (n = 30), based on the median of their
MBEA overall scores (81.49). In general, participants in



the HA group demonstrated significantly higher musical
aptitude (M = 87.26, SD = 3.81) than the LA group
(M = 71.01, SD = 7.44). Furthermore, there was no sig-
nificant difference between the two groups in language
scores or questionnaire results. Demographic information
of the two groups is shown in Table 1. This study was
approved by the Ethics Committee of the School of For-
eign Languages, Shandong University (Ethical Approval
Number: ECSFLLSDU2025-3). Informed consents were
obtained from all participants.

Materials and Procedure

This study included the vowel contrasts of /e/—/e/
(i.e., a “difficult” contrast with less acoustic salience) and
fil-lel/ (i.e., an “easy” contrast with more acoustic
salience) to examine how acoustic salience might interact
with musical aptitude in affecting CP outcomes. Specifi-
cally, the experimental materials were four pairs of English
words featuring vowel contrasts of /e/—/e&/ and /i/—/el,
including “bet-bat,” “bed-bad,” “beak-bake,” and “beat-
bait.” Following Connell et al. (2018), word frequency of
these words was retrieved from the Corpus of Contempo-
rary American English (Davies, 2008) and log-transformed.
Paired-samples ¢ tests showed no significant difference on
the log-transformed frequencies between words for different
vowel contrasts, #(6) = —1.48, p = .19. These words were
recorded in plain and clear forms from a female native
speaker of American English in a sound-treated booth at a
sampling rate of 44.1 kHz (16 bit), which were further nor-
malized to 75 dB SPL and 360 ms in terms of intensity
level and duration, respectively. Four consonant-vowel-
consonant (CVC) continua (i.e., “bet-bat,” “bed-bad,”
“beak-bake,” “beat-bait”) were synthesized using the
TANDEM-STRAIGHT MATLAB toolbox (Kawahara &
Morise, 2011), with each consisting of 11 stimuli. The con-
tinuum synthesization was implemented according to the
following steps. Initially, the FO structure, aperiodicity,
and spectrogram details of two endpoints (e.g., /bet/ and

Table 1. Demographic information of two groups.

/bet/ in the “bet-bat” continuum) were extracted as
source and filter parameters. Then, a continuum from
Source A (one endpoint) to Source B (the other end-
point) was morphed into 11 equidistant speech stimuli in
both spectral and temporal domains using the source-
filter model (Feng & Peng, 2023). For the /e/—/a/ contin-
uum, CVC words were chosen as endpoints (i.e., “bet”
and “bed” as Stimulus 1, while “bat” and “bad” as Stim-
ulus 11). Stimulus 1 had respective F1 and F2 frequen-
cies of 840 Hz and 2016 Hz, whereas Stimulus 11 showed
an F1 frequency of 962 Hz and an F2 frequency of 1886
Hz. Similarly, CVC words were treated as endpoints in
fi/-le1/ continuum (i.e., “beak” and “beat” as Stimulus 1,
and “bake” and “bait” as Stimulus 11). For Stimulus 1,
the F1 frequency was 314 Hz, and the F2 frequency was
2879 Hz. For stimulus 11, the F1 and F2 frequencies
were 425 Hz and 2463 Hz, respectively.

Adopting a four-alternative forced-choice identifica-
tion task within the classical techniques of CP and VWP
(cf. McMurray et al., 2002, 2008), the eye-tracking experi-
ment was administered in two blocks. VWP (Huettig &
McQueen, 2007) was administered with an auditory stimu-
lus accompanied by a visual display of four words, includ-
ing the target, a phonological competitor, and two distrac-
tors (cf. Turner, 2022). The visual displays of example tri-
als are shown in the Appendix. To circumvent prediction
and fatigue effects of the participants, a counterbalanced
design was developed on the trial presentation in each
block. Specifically, for half of all trials within one block,
11 auditory stimuli from the “bet-bat” or “bed-bad” con-
tinuum (/e/—/e/ vowel contrast) functioned as targets/
competitors, whereas visual words featuring the /i/—/er/
vowel contrast (“beak-bake” or “beat-bait”) served as
distractors, and vice versa for the other half of trials
within the same block. That is to say, the targets/
competitors were “beak-bake” or “beat-bait,” while the
distractors were “bet-bat” or “bed-bad.” Each auditory
stimulus was repeated six times, resulting in a total of

HA (n = 30) LA (n = 30) Group differences

Musical and language

measurements M (SD) M (SD) t p value
MBEA overall score 87.26 (3.81) 71.01 (7.44) 10.64 < .0001
Age of acquisition of English 8.07 (0.94) 7.9 (1.3 0.57 .57
Shipley Vocabulary Test 22.4 (5.82) 19.93 (8.07) 1.36 .18
LexTALE 62.67 (8.77) 58.92 (12.33) 1.36 .18
Frequency of using English (1-7) 4.0 (1.49) 3.57 (1.33) 1.19 .24
Self-rated English proficiency (1-7) 413 (1.07) 3.7 (0.99) 1.63 A1

Note.
Learners of English.

HA = high aptitude; LA = low aptitude; MBEA = Montreal Battery of Evaluation of Amusia; LexTALE = Lexical Test for Advanced
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264 trials (2 continua X 11 stimuli X 6 repetitions X 2
blocks). All trials were pseudorandomized in presentation
(Turner, 2022).

The experiment was designed and delivered through
Experiment Builder (SR Research) that was compatible
with the Eyelink Portable Duo system for the recording of
online eye movements at a sampling rate of 1000 Hz. At
the beginning, a 9-point calibration was administered to
ensure precision in tracking. During each trial, four visual
words were displayed in the corners of the screen, accom-
panied by a centrally positioned red circle serving as a fix-
ation. An interstimulus interval of 2,000 ms was set to
offer a preview of the location of each visual word. After-
ward, the red circle transitioned to green, prompting the
initiation of auditory presentation by clicking on the green
circle, which ensured participants concentrated their atten-
tion on the onset of each trial (Dial et al., 2019). Then,
participants were required to identify the auditory stimuli
and click on the corresponding visual target. Prior to the
formal trials of the eye-tracking experiment, each block
included an eight-trial practice to ensure familiarity of
participants with the experimental stimuli and procedures.
In practice trials, any discrepancies or errors in participant
responses were promptly addressed and corrected by the
experimenter to maintain data integrity and accuracy.
Overall, the whole experiment lasted approximately 2 hr,
allowing sufficient breaks to minimize fatigue and main-
tain engagement for each participant.

Data Analyses

Behavioral Data

Following previous studies (Chen & Peng, 2021;
Peng et al., 2010; H. Zhang et al., 2023), a Probit analysis
was conducted to estimate boundary width (Finney,
1971). The boundary width was defined as the linear dis-
tance between the 25th and 75th percentiles of the curve
(Peng et al., 2010). A smaller boundary width indicates a
sharper transition of two phonemic categories, reflecting a
clearer distinction between them (Chen & Peng, 2021).
For identification data analysis, linear mixed-effects
(LME) models were employed, with boundary width as
the dependent variable. The fixed effects included group
(HA vs. LA) and contrast (/e/—/«/ vs. /i/—/el/), along with
their interactions. Additionally, random intercepts and
maximal slopes were incorporated as random effects (Barr
et al., 2013). The significance of fixed factors was esti-
mated with o level set at .05, and the p values for fixed
factors were obtained using the Satterthwaite method from
the ImerTest package (Kuznetsova et al., 2017). Multiple
model comparisons were conducted to identify the best-fit
model with the lowest Akaike information criterion. Based
on the best-fit model, post hoc pairwise comparisons for
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significant fixed factors were carried out using the
emmeans package (Lenth et al., 2018), with adjustments
of false discovery rate (Benjamini & Yekutieli, 2001).

Eye-Tracking Data

For the analysis of eye-tracking data, fixation pro-
portions for the target and competitor were aggregated
into 20-ms time bins, from onset of auditory stimuli to
2,000 ms. The dependent variable for statistical analysis
was the difference between empirically log-transformed
fixation proportions (FP) for the target and competitor
(FP difference). FP difference was widely adopted in anal-
yses of visual-world eye-tracking data, due to the simulta-
neous consideration of both target and competitor activa-
tions during speech processing (Connell et al., 2018; Creel,
2014; Qin et al., 2019; Qin & Zhang, 2024). It is notewor-
thy that FP difference was calculated within a time win-
dow of 200-2,000 ms, excluding a 200-ms delay to
account for the time that eye fixations take to reflect
speech processing (Connell et al., 2018; Hallett, 1986; Qin
et al., 2019; Turner, 2022). Moreover, FP difference values
over 0 indicate that participants focused more on the tar-
get compared to the competitor, and vice versa (Qin
et al., 2019).

FP difference was modeled using growth curve anal-
ysis (GCA; Mirman et al., 2008), a type of curvilinear
regression that can fit with a third-order orthogonal poly-
nomial to capture the linear (i.e., capturing the overall
angle of a curve), quadratic (i.e., capturing a curve with a
single inflection), and cubic (i.e., capturing a curve with
two inflections) features of dynamic curves (Qin et al.,
2019). The GCA model has been widely adopted in eval-
uating eye-movement patterns while speech processing
unfolds (Connell et al., 2018; Ito & Knoeferle, 2023; Ito
et al., 2018; Mirman et al., 2008; Qin et al., 2019). Fol-
lowing the manual by Dink and Ferguson (2015), FP dif-
ference was preprocessed with the EyetrackingR package
in R (R Core Team, 2024). The GCA model was built for
the FP difference, including linear, quadratic, and cubic
time terms, with fixed effects for group (HA vs. LA), con-
trast (/e/—/e/ vs. fi/-/let/), and their interactions. The model
treated participant and item as random intercepts and the
three time terms as random slopes, modeling a different
curve for each participant and test item (Connell et al.,
2018). Further analysis follows the same procedure of the
LME analysis for the behavioral data.

Correlational Analysis

Spearman correlation was performed to examine the
correlation between the measurements of perception, as
well as their relationship with participants’ test scores
(Chen & Peng, 2021; H. Zhang et al., 2024). The measure-
ments of perception comprised the mean boundary width



and mean FP difference (Turner, 2022), while participants’
test scores included MBEA scores and L2 English profi-
ciency test scores (Shipley and LexTALE scores). This
approach aimed to assess the correlation between partici-
pants’ musical aptitude and vowel perception, as well as
the potential effects of L2 English proficiency on process-
ing different vowel contrasts.

Results
Behavioral Results

Figures 1 and 2 display the identification curves and
boundary width of the two vowel contrasts for HA and
LA groups. The best-fit LME model was specified as fol-
lows: Imer(Boundary width ~ Group x Contrasts +
(1|Participant) + (1|Item), REML = FALSE). The results
revealed a significant interaction between group and con-
trast for the boundary width, ¥*(1) = 93.56, p < .001. Fur-
ther post hoc analyses were conducted for boundary
width. For boundary width, significant difference was
observed for the /e/—/e/ contrast, with significantly nar-
rower boundary width for the HA group relative to the
LA group (p = -5.09, SE = 0.40, t = —12.76, p < .0001),
indicating that the HA participants exhibited a more
refined categorization for the /e/—/a/ contrast compared to
the LA individuals. Additionally, boundary width of /i/-/
er/ was significantly narrower than that of /e/—/&/ for both
HA group (p = 2.56, SE = 0.34, t = 7.47, p = .0001) and
LA group (p = 7.38, SE = 0.35, r = 21.02, p < .0001),
suggesting that categorization of acoustically less salient
contrast of /e/—/e/ was more challenging than that of /i/—/e/
contrast.

Figure 1. The identification curves for each group and contrast.

Eye-Tracking Results

Following our prediction, the HA group was
expected to demonstrate enhanced vowel perception com-
pared to the LA group, with the effect of musical aptitude
being more pronounced for the /e/—/e/ contrast. Specifi-
cally, the GCA model should reveal one or more of the
following effects (Qin et al., 2019): (a) a significant inter-
action between group and contrast on the linear time
term, indicating that the FP difference increases more
steeply over time (i.e., a more positive estimate and z
value) in the HA group compared to the LA group across
two vowel contrasts, with a stronger effect of musical apti-
tude in the /e/—/@/ contrast; (b) a significant interaction
between group and contrast on the quadratic time term,
suggesting that the FP difference follows a less U-shaped
trajectory (i.e., a more negative estimate and z value) in
the HA group than in the LA group across two vowel
contrasts, with the effect of musical aptitude being more
pronounced in the /e/—/a/ contrast; and (c) a significant
interaction between group and contrast on the cubic time
term, indicating that the FP difference exhibits a sharper
S-shaped trajectory (i.e., a more negative estimate and z
value) in the HA group compared to the LA group across
two vowel contrasts, with a stronger effect of musical apti-
tude in the /e/—/a/ contrast. A more ascending and/or less
U-shaped FP difference curve suggests faster target word
recognition, characterized by increased activation of the
target word and reduced activation of the competitor. In
contrast, a less ascending and/or more U-shaped FP dif-
ference curve suggests slower target word recognition,
driven by reduced target activation and increased competi-
tor activation. A sharper S-shaped curve reflects fixations
reaching an asymptote toward the end of the trial, likely
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Figure 2. Boundary width for each group and contrast. Error bars represent +1 SD, capturing the variability across participants. HA = high
aptitude; LA = low aptitude.
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Figure 4. Fixation proportions (FP) difference for each group and contrast. HA = high aptitude; LA = low aptitude.
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suggesting faster identification of the target stimuli relative
to the competitor stimuli. In contrast, a positive estimate
for the quadratic and cubic terms represents a smaller FP
difference, reflecting slower processing and a greater com-
petition effect (Qin et al., 2019). For comparisons between
the two groups, results indicated that the HA group dem-
onstrated significantly faster processing of the /e/—/e/ con-
trast compared to the LA group on both the linear term
B =113, SE =0.27, z = 424, p < .0001) and the cubic
term (B = —0.71, SE = 0.23, z = =3.13, p = .002). Like-
wise, for perception of the /i/—/er/ contrast, the HA group
exhibited significantly faster speech processing than the
LA group on the quadratic term (p = —1.59, SE = 0.34,
z = —4.63, p < .0001). These results suggested that the
HA group demonstrated more refined categorization of
both vowel contrasts relative to their LA counterparts. In
addition, both groups showed significant differences in
perceiving the two vowel contrasts across the linear term
(HA: B = -1.15, SE = 0.30, z = =3.88, p = .0001; LA:
B =-1.99, SE =0.30, z = -6.76, p < .0001) and the cubic

B =203, SE=0.11, z = 19.29, p < .0001). These results
indicated greater challenge in processing the /e/—/&/ con-
trast relative to the /i/—/er/ contrast for both groups.

Correlational Results

Figure 5 represents the correlational results. Specifi-
cally, the mean boundary width was significantly corre-
lated with the mean FP difference for both vowel con-
trasts of /e/—/e/ (r = —.30, p < .0001) and /i/-/er/ (r =
-.29, p < .0001). For the /e/-/=/ contrast, the MBEA
scores were strongly correlated with participants’ bound-
ary width (r = =.59, p < .0001), suggesting that partici-
pants with higher musical aptitude exhibited narrower
boundary. Additionally, MBEA scores were mildly corre-
lated with FP difference (r = .29, p < .0001), indicating
that participants with higher musical aptitude showed
greater differences between target and competitor fixa-
tions. In terms of the /i/—/ev/ contrast, boundary width was
weakly correlated with both MBEA scores (r = —.18, p <

term (HA: p = 1.15, SE = 0.11, z = 10.63, p < .0001; LA: .01) and LexTALE scores (r = -.17, p < .0l).
Table 2. Summary of the growth curve analysis post hoc results for fixation proportions difference measurements.
ot1 ot2 ot3
Condition Comparison 6] SE z p B SE z P S} SE z p
le/-/2/ HA-LA 113 | 0.27 424 | <.0001 | -0.49 | 0.34 | -1.44 .15 -0.71 023 | -3.13 | <.01
fil-ley HA-LA 0.28 | 0.27 1.06 .29 -1.59 | 0.34 | -4.63 | <.0001 0.18 | 0.23 0.78 43
HA (Ve/-1=l)-(/i/-/e1/) -1.15 | 0.30 | -3.88 | <.001 0.93 | 0.35 2.67 .01 1.15 | 0.11 | 10.63 | <.0001
LA (Ve/-1=l)-(/i/-/e1/) -1.99 | 0.30 | -6.76 | <.0001 | -0.17 | 0.35 | -0.47 .64 2.03 | 0.11 | 19.29 | <.0001
Note. ot1 = linear term; ot2 = quadratic term; ot3 = cubic term; HA = high aptitude; LA = low aptitude.
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Figure 5. Correlation between test score and perceptual measurements for each contrast. MBEA = Montreal Battery of Evaluation of Amusia;
LexTALE = Lexical Test for Advanced Learners of English; FP = fixation proportions.
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Additionally, FP difference was weakly correlated with
both Shipley scores (r = .19, p < .01) and LexTALE scores
(r = .22, p < .001). Given that L2 English test scores were
not significantly correlated with the perceptual measure-
ments for the /e/—/@/ contrast, these results suggested that
L2 English proficiency might potentially improve percep-
tion only for the /i/—/e/ contrast. Overall, these results indi-
cated that musical aptitude plays a pivotal role in categoriz-
ing the acoustically less salient /e/—/e/ contrast, which
demands refined auditory sensitivity for categorization,
whereas L2 English proficiency has a relatively trivial role,
enhancing perception only for the /i/—/e1/ contrast.

Discussion

The present study employed an eye-tracking tech-
nique with VWP to examine the effect of musical aptitude
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on the CP of English vowels among Mandarin-speaking
participants. Acoustic salience of vowel contrasts was
manipulated to explore its modulations on this cross-
domain transfer. The results were largely consistent with
our predictions. For the effect of musical aptitude, partici-
pants with HA demonstrated more refined categorization
of L2 vowel contrasts relative to their LA counterparts.
For the interaction between musical aptitude and acoustic
salience, a more robust transfer effect of musical aptitude
was observed in the perception of the less salient /e/—/a/
contrast. To the best of our knowledge, this study repre-
sents an initial effort to systematically investigate how
inherent musical aptitude influences the perception of non-
native speech sounds, using Mandarin speakers’ perception
of English vowels as a test case. By integrating the online
procedure of VWP and fine-grained measurement of CP
paradigm, this study contributes to a broader understand-
ing of cross-domain transfer from music to language.



Musical Aptitude of L2 Listeners Affecting
Perception of English Vowels

The behavioral data revealed significant differences
between the HA group and LA group in categorizing the
le/l-l=l contrast, with HA participants showing signifi-
cantly narrower boundary width than their LA counter-
parts. However, this between-groups discrepancy was
insignificant for identification performances of the /i/—/el/
continuum, potentially attributable to the contrast’s higher
acoustic salience that facilitated uniformly better behav-
ioral responses across both groups. Crucially, eye-tracking
data provided a more nuanced measure on real-time per-
ceptual processing, which confirmed significant group differ-
ence for both vowel contrasts. Specifically, the HA group
maintained a greater FP difference over time compared to the
LA group even for the acoustically more salient /i/—/er/ con-
trast, exhibiting superior perceptual ability for HA listeners.
These findings underscore the temporal resolution advantage
of eye-tracking methodologies. In other words, by capturing
temporal dynamics of participants’ visual attention and incre-
mental decision-making processes, eye-tracking can identify
subtle perceptual differences between groups that could
escape traditional behavioral measures on response time or
accuracy. Collectively, these results indicated more refined
categorization of English vowels for Mandarin-speaking par-
ticipants with HA relative to their counterparts with LA, sug-
gesting the critical role of musical aptitude in enhancing the
perception of L2 vowels, which aligned with previous reports
(Kempe et al., 2015; Mankel & Bidelman, 2018; C. Zhang
et al., 2017). Our findings are consistent with previous
research linking music to enhanced vowel perception
(Bidelman & Alain, 2015; Bidelman & Krishnan, 2010;
Bidelman et al., 2014; Butera, 2015; Choi et al., 2024,
Cooper et al., 2016; Elmer et al., 2017; Hutka et al., 2015;
Kiihnis et al., 2013; Marie et al., 2011; Z. Zhang et al.,
2023). Importantly, our study extends these previous find-
ings by demonstrating that even nonmusicians with vary-
ing musical aptitude can exhibit cross-domain transfer
from music to vowel perception. This suggests that musi-
cal aptitude can differentiate musically untrained individ-
uals in vowel perception abilities.

Several theoretical proposals could contribute to ten-
tative explanations on the transfer effect from music to
vowel perception. The strong connection between music
and vowel perception has been widely recognized in the
literature. Both domains rely heavily on the accurate pro-
cessing of spectral information—pitch in music and for-
mant structure in vowels. Neurophysiological and imaging
studies have shown that individuals with musical training
exhibit heightened sensitivity to such spectral cues, often
reflected in enhanced mismatch negativity responses
within auditory cortical regions. Notably, these spectral

processes are predominantly supported by right-hemisphere
auditory structures, particularly the right supratemporal
plane and planum temporale, which are critical for spectral
resolution (Jancke et al., 2002; Kiihnis et al., 2013; Poeppel,
2003; Studdert-Kennedy & Shankweiler, 1981). This neural
overlap provides a compelling rationale for linking music to
improved vowel encoding. Much of the existing research has
focused on training-induced enhancements in vowel percep-
tion among musicians (Bidelman & Alain, 2015; Bidelman
& Kirishnan, 2010; Bidelman et al., 2014; Butera, 2015;
Elmer et al., 2017; Hutka et al., 2015; Kiihnis et al., 2013;
Marie et al., 2011; Z. Zhang et al., 2023). One widely cited
explanation for this musician advantage is the OPERA
hypothesis (Overlap, Precision, Emotion, Repetition, and
Attention; Patel, 2014), which posits that musical training
imposes greater demands than speech on shared neural
resources. These demands—when combined with emotional
engagement, extensive repetition, and focused attention—
drive experience-dependent plasticity in the auditory system,
ultimately resulting in enhanced vowel processing.

In contrast to studies focusing on musicians, our
findings suggest that music-related advantages may also
be observed in nonmusicians, depending on their musical
aptitude. Specifically, Mandarin-speaking nonmusicians
with higher musical aptitude performed significantly better
in L2 English vowel categorization than those with lower
aptitude. These results raise the possibility that preexisting
musical aptitude, rather than training alone, play a key role
in the link between music and enhanced vowel perception.
This perspective aligns with the gene-environment interac-
tion hypothesis proposed by Schellenberg (2015), which
suggests that musical training may amplify innate differ-
ences rather than create them. Following this perspective,
individual variation in musical aptitude—and related traits
such as cognitive abilities and personality—may be geneti-
cally influenced and, in turn, shape one’s likelihood of
engaging in musical training. These preexisting traits
may also underlie heightened sensitivity to speech cues,
even in the absence of formal musical training. Thus,
musical aptitude itself might serve as a foundational
factor for the cross-domain transfer to speech process-
ing. The current findings offer preliminary support for
this account, demonstrating that vowel perception per-
formance varied systematically with musical aptitude
among nonmusicians. This is consistent with previous
studies (Kempe et al., 2015; Mankel & Bidelman, 2018;
C. Zhang et al., 2017), which have similarly emphasized
the role of innate musical aptitude in enhancing vowel
processing outcomes. Nevertheless, caution is warranted
in interpreting these results: Our study did not include a
direct comparison between musicians and nonmusicians
across different levels of aptitude. Future research is
needed to disentangle the relative contributions of
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musical training and inherent aptitude, particularly
across varying types of phonemic contrasts.

Acoustic Salience of Vowel Contrasts
Modulating the Cross-Domain Transfer

Correlational analyses on both behavioral and eye-
tracking data revealed that musical aptitude played a piv-
otal role in categorizing the acoustically less salient /e/—/a/
contrast, rather than in categorizing the more salient
counterpart of /i/—/el/ contrast. These findings were consis-
tent with our prediction that the effect of musical aptitude
was mainly elicited by the acoustically less salient /e/—/a/
contrast, suggesting that the cross-domain transfer could
be modulated by the acoustic salience of vowel contrasts.
The interaction between musical aptitude and acoustic
salience echoed previous studies showing that the cross-
domain transfer from musical training to vowel perception
is modulated by acoustic salience, and that stronger
advantage of musical training is elicited by the acousti-
cally less salient contrasts (Choi et al., 2024; Ong et al.,
2020; Toh et al., 2023).

The interaction between musical aptitude and acous-
tic salience could be attributed to several potential possi-
bilities. One explanation pertains to an auditory acuity
perspective. For instance, Ong et al. (2020) found that the
musician advantage emerged primarily for less salient,
merging tone pairs. They argued that musicians, through
extensive training, develop heightened sensitivity to fine-
grained pitch differences. In contrasts with greater acous-
tic salience, however, this advantage may diminish as non-
musicians are able to compensate—potentially by adopt-
ing alternative strategies—resulting in comparable perfor-
mance levels (Choi et al., 2024). Similarly, processing
acoustically less salient contrasts, such as /e/—/&/ in this
study, likely required more refined auditory discrimination
to categorize phonemes with subtle acoustic variations. As
such, individuals with stronger auditory skills—often asso-
ciated with higher musical aptitude—demonstrated supe-
rior categorization performance. This observation aligns
with prior findings on the positive association between
auditory perception and musical aptitude (Baldé et al.,
2025; Kempe et al., 2015; Mankel & Bidelman, 2018;
Schellenberg, 2015). Conversely, this pattern did not
extend to acoustically more salient vowels, with HA and
LA groups showing relatively more comparable perfor-
mance in the categorization of /i/—/e1/ contrast. The robust
acoustic distinctions of the two vowels might contribute to
this finding, since both groups could rely on the salient
cues between monophthong and diphthong to readily
achieve asymptotical level in perceptual outcomes, unnec-
essarily resorting to refined listening sensitivity (Chen
et al., 2019). It is possible that the salience of this contrast
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effectively compensated for the lower auditory sensitivity
of the LA group (Choi et al., 2024). Further investigations
could be conducted to investigate whether musical apti-
tude could influence processing of monophthongs with rel-
atively more acoustic salience, such as the CP of /u/-/i/
contrast (Feng & Peng, 2023).

The other explanation could be derived from a
learnability perspective. According to the phonological
saliency hypothesis (Hua & Dodd, 2000) and the
phonetic-magnitude hypothesis (Escudero et al., 2014),
acoustic salience could determine perceptual difficulty
(Qin et al., 2021) and acquisition rate of phonemes (Feng
& Peng, 2023; Narayan et al., 2010). For example, Feng
and Peng (2023) observed that the development of CP in
Mandarin-speaking children and adolescents matured ear-
lier and more easily for vowels and tones with greater
acoustic salience than that for consonants that are less
salient. In the same vein, Qin et al. (2021) found that the
effect of perceptual learning of nonnative tones was asym-
metrically influenced by acoustic salience, with the percep-
tion of more salient tonal contrasts obtaining greater
training benefits. Therefore, the categorization of more
salient contrasts could be attuned through accumulated
learning experience and language exposure, which is fur-
ther corroborated by the significant positive correlation
between perceptual outcome of /i/—/el/ contrast and L2
proficiency of the participants in this study. This interpre-
tation is also compatible with the perceptual assimilation
model (PAM) that claims nonnative phonemes are per-
ceived on the basis of their phonological similarity to
native counterparts (Best, 1994). In this study, /i/ and /er/
are shared by both English and Chinese vowel inventories
as distinct categories (Yang & Fox, 2017), allowing higher
discriminability and better learnability for Mandarin-
speaking learners. In contrast, Mandarin phonology lacks
the vowel of /e/ while labeling /¢/ as an allophone of its
[E/ inventory (Zhou et al., 2022), resulting in perceptual
assimilation of both L2 vowels into a single native cate-
gory. Divergent proposal existed, however, with Sun and
van Heuven (2007) positing phonemic assimilation of both
English vowels into the Mandarin /a/ accompanied by sys-
tematic misidentification. The two standpoints were not
necessarily incompatible, because both assumed great chal-
lenge for Mandarin speakers to acquire the /e/—/a/ distinc-
tion with the lack of a clear phonemic distinction in the
native vowel inventory. This could pose the learners into a
position to rely more on the refined listening skill that is
closely interconnected with musical aptitude. It should be
acknowledged that the vowel assimilation evidence for this
study was obtained from prior literature, rather than a direct
test of PAM on our participants. Future research could pay
special attention to empirical research on English-Mandarin
phonemic assimilations while investigating the bilinguals’



speech perception. In addition, based on the LexTALE
scores, the vast majority of current participants can be
classified as showing English proficiency of “lower, and
lower to upper intermediate,” following the Common
European Framework of Reference (Lemhofer & Broersma,
2012). The relatively lower proficiency could adequately
support matured categorization for the more salient con-
trast of L2 vowels, whereas much higher proficiency
could be required for maturation of the less salient con-
trast of /e/-/&/, leaving a significant room for improve-
ment for the innate musical aptitude to play a role.
Future research is needed to contrast L2 learners with
higher and lower proficiency to gain a better understand-
ing of the interaction between musical aptitude and acous-
tic salience.

Limitations and Future Directions

Several limitations of this study should be noted that
highlight the necessity for future research. First, because
the present study recruited participants without any musi-
cal training experience, future investigations could con-
sider including a group of formally trained musicians to
examine whether individuals with high musical aptitude
but receiving no formal training could show comparable
outcomes to the musician group in vowel categorization.
This additional comparison would provide valuable insights
into the gene-environment interaction view (Schellenberg,
2015), disentangling the nature (i.e., musical aptitude) ver-
sus nurture (musical training) factors of music domain in
affecting phonological processing in speech domain (Mankel
& Bidelman, 2018). Second, this study mainly focused on the
cross-domain transfer of musical aptitude to vowel in terms
of perception, neglecting the production perspective. Future
studies could extend this line of research to vowel production
to examine whether musical aptitude could contribute to
transfer effects in vowel production (Jekiel & Malarski,
2021, 2023). Such studies would add more empirical evi-
dence for the perception—production link, shedding light
on the interconnection between auditory and articulatory
processes of speech. Last, the current investigation lacks
direct neural evidence to elucidate the mechanisms under-
lying the observed far-transfer effects. Future research
could integrate electrophysiological and/or neuroimaging
techniques to investigate the neural correlates of the cross-
domain transfer effect (Neves et al., 2022; Peretz et al.,
2015; Salmi et al., 2017; Zuk et al., 2020). These neural
measures could help clarify whether the transfer effects
are originated from or mediated by basic auditory func-
tions, providing deeper insights into the cognitive and neu-
ral foundations of vowel perception.

Despite these limitations, findings of this study pro-
vide valuable insights into the cross-domain transfer

effects from musical aptitude to vowel perception and
highlight how this transfer is modulated by acoustic
salience. On the one hand, this study adds robust evidence
that nonmusicians with varying levels of inherent musical
aptitude can exhibit the link between music and enhanced
vowel perception (Kempe et al., 2015; C. Zhang et al.,
2017), showing that this link is not confined to trained
musicians in previous findings. On the other hand, our
findings highlight that this cross-domain transfer effect is
sensitive to acoustic salience, with a stronger influence of
musical aptitude observed for the acoustically less salient
vowel contrast. In a nutshell, this study enhances our
understanding of the cross-domain transfer effects of musi-
cal aptitude and how they are modulated in the context of
vowel perception.

Conclusions

The present study utilized the eye-tracking technique
with VWP to examine the influence of musical aptitude
on the CP of English vowels among Mandarin-speaking
adults. The results revealed that participants with higher
musical aptitude significantly outperformed their lower apti-
tude counterparts in vowel categorization, regardless of the
acoustic salience of the contrasts. Furthermore, this cross-
domain transfer effect is modulated by the acoustic salience,
with more robust effect of musical aptitude observed for
the acoustically less salient vowel contrast. Overall, this
study promoted a better understanding of cross-domain
transfer effects from music to speech perception.
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Appendix

Visual Displays of the Eye-Tracking Trials in Blocks 1
and 2 Following the Visual World Paradigm

bet bat | | bed bad

beak bake |  bed bait
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