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Cross-domain correlation in pitch perception, the influence of native language
Ao Chena, Liquan Liua,b and René Kagera

aUtrecht Institute of Linguistics, Utrecht University, Utrecht, The Netherlands; bSchool of Social Sciences and Psychology, Western Sydney
University, South Penrith, Australia

ABSTRACT
The current study explores how language experience may shape the correlation between lexical
tone and musical pitch perception. A two domains (music and lexical tone) by two languages
(tone, Mandarin Chinese and non-tone, Dutch) design is adopted. Participants were tested on
their discrimination of Mandarin Chinese lexical tones, Montreal Battery of Evaluation of Amusia
(MBEA), and Musical Ear Test (MET). The Chinese listeners outperformed the Dutch listeners on
both MBEA and MET, but had comparable accuracies for the lexical tone discrimination.
Importantly, a significant cross-domain correlation was only observed for the Dutch listeners but
not for the Chinese listeners. For tone language listeners, once lexical tones have been acquired,
native listeners perceive them as phonological categories, and split them from other pitch
variations that do not play a phonemic role. Non-tone language listeners, on the other hand,
perceive both lexical tones and musical pitch on a psycho-acoustical basis, hence exhibit a
unified perception of pitch across the two domains.
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Introduction

Language and music are both high-level cognitive
domains that are specific to humans. The issue of
whether these two domains coexist in a bimodular
fashion or are unified cognitively and neuro-physiologi-
cally has received much attention. When examining the
relation between music and language, the processing
of pitch, which plays a fundamental role in both
domains, has been a main focus. Earlier studies that com-
pared pitch processing in language and music present us
with a mixed picture. On the one hand, several studies
have found evidence suggesting autonomy of pitch pro-
cessing in the two domains. Individuals with a disorder in
one domain may have the other domain largely intact
(Hébert, Racette, Gagnon, & Peretz, 2003; Peretz,
Champod, & Hyde, 2003; Peretz & Coltheart, 2003;
Racette, Bard, & Peretz, 2006; Schlaug, Marchina, &
Norton, 2008; Ullman et al., 1997; Wilson, Parsons, &
Reutens, 2006). Recent brain studies have pinpointed
areas that are involved in linguistic pitch but not in
music processing (Fedorenko, Behr, & Kanwisher, 2011).

On the other hand, numerous studies have found that
both musicianship and speaking a tone language (i.e.
languages in which pitch variations are used to dis-
tinguish meaning lexically) are beneficial to pitch proces-
sing in the complementary domain. With regard to the
enhancement in lexical tone perception brought about
by music aptitude, it has been found that, compared to

non-tone language speakers without music training,
non-tone language musicians are better at detecting
lexical tonal variations (Alexander, Wong, & Bradlow,
2005; Delogu, Lampis, & Belardinelli, 2006; Marie,
Delogu, Lampis, Belardinelli, & Besson, 2011), and learn-
ing to pair pitch patterns to word meaning (which is
similar to learning lexical tones) (Wong & Perrachione,
2007). Speaking a tone language has also been found
to be beneficial for music perception (Alexander,
Bradlow, Ashley, & Wong, 2008; Bidelman, Hutka, &
Moreno, 2013; Jiang, Hamm, Lim, Kirk, & Yang, 2010; Pfor-
dresher & Brown, 2009; Stevens, Keller, & Tyler, 2004; Till-
mann et al., 2011; Wong et al., 2012). In sum, earlier
studies on pitch processing in language and music
show mixed results, suggesting autonomy as well as
interdependencies between the two domains.

Both speech and music perception are shaped by
learning and exposure. In the language domain, as
infants grow older, they become more sensitive to
native contrasts, but less sensitive to non-native con-
trasts (e.g. Harrison, 2000; Kuhl, Williams, Lacerda,
Stevens, & Lindblom, 1992; Mattock & Burnham, 2006;
Mattock, Molnar, Polka, & Burnham, 2008; Werker &
Tees, 1984; Yeung, Chen, & Werker, 2013; but see also
Liu & Kager, 2014). Similarly, in the music domain,
infants become more capable of discriminating melodies
that conform to the structure in the ambient input
(Lynch & Eilers, 1992; Trainor & Trehub, 1992; Trehub,
Schellenberg, & Kamenetsky, 1999). So far, however,
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whether the relation between musical pitch processing
and lexical tone processing can also be shaped by experi-
ence remains under-investigated. The cross-domain per-
ception of pitch has been studied either among tone
language speakers, or non-tone language musicians,
and the benefits observed in the opposite domain are
taken as evidence for a shared processing between
music and language. Such assumption, however,
neglects the important fact that lexical tones do not
have the same function for tone and non-tone speakers.
The absence of lexical tones makes non-tone language
listeners perceive them psycho-acoustically rather than
phonologically, whereas for tone language speakers,
lexical tones are phonological categories rather than
pure acoustical pitch variations (Francis, Ciocca, & Ng,
2003; Hallé, Chang, & Best, 2004; Xu, Gandour, &
Francis, 2006). Music perception, on the other hand,
calls for accurate perception of discrete pitches as
small as one semitone, regardless of language back-
ground (McDermott & Oxenham, 2008; Trainor &
Hannon, 2013). Thus, for non-tone language listeners
who are non-musicians, both the perception of musical
pitch and the perception of lexical tones are psycho-
acoustically driven, and it is reasonable to expect that
they show a unified processing. Much evidence for such
unification has been found in previous studies (e.g.
Delogu et al., 2006; Marie et al., 2011; Tillmann et al.,
2011; Wong & Perrachione, 2007). For tone language
listeners, however, pitch perception taps into different
mechanisms, being used in linguistic contexts to differen-
tiate phonological categories, and in musical contexts as
perception of fine acoustical differences. One piece of
evidence for such a division is that even amusic native
speakers of a tone language are able to produce their
native lexical tones accurately and most are able to
perceive them correctly (Nan, Sun, & Peretz, 2010).

The enhanced musical pitch perception among tone
language listeners does not necessarily entail a shared
processing of the lexical tones and musical pitch, and
the unification observed among non-tone language lis-
teners may not hold true for tone language listeners.
Lexical tones play an indispensable role in languages
such as Chinese, where every syllable has to carry a
tone in speech. For example, the same syllable has differ-
ent meanings when carrying different lexical tones in
Chinese. The syllable /ma/ means “mom”, “hemp”,
“horse”, and “scold” when carrying high-level (T1),
rising (T2), low-dipping (T3), and high-falling tone (T4),
respectively). Inaccurate perception of the lexical tones
severely hampers communication. As a result, tone
language speakers are expected to have solidly estab-
lished phonological representations of their native
lexical tones. Such representations are not expected to

change whether the speakers are sensitive or not to
pitch variations in other domains. The hypothesis that
we propose in the present study is that, due to the pho-
nemic role that lexical tones play, native tone language
listeners may split lexical tones from other types of
pitch variation in perception. In other words, pitch pro-
cessing might be context-specific for tone-language
speakers.

To study this, we adopted a two-domain by two-
language design, where both tone (Mandarin Chinese)
and non-tone language (Dutch) listeners were tested
with lexical tone and musical pitch discrimination tasks.
Specifically, we selected non-musicians as participants
to limit the influence of music training. Lexical tone dis-
crimination was examined with an AX paradigm, includ-
ing a monosyllabic discrimination (MT) and a bisyllabic
discrimination (BT) task. Music perception was measured
by two sets of standard batteries, namely the Montreal
Battery on Evaluation of Amusia (MBEA) (Peretz et al.,
2003), and the Musical Ear Test (MET) (Wallentin,
Nielsen, Friis-Olivarius, Vuust, & Vuust, 2010). We ask
the question whether the relation between musical
pitch and lexical tone discrimination differs as the
result of different native languages. We hypothesise
that for tone language listeners the processing of
native lexical tone and musical pitch are uncorrelated,
whereas for non-tone language listeners, pitch percep-
tion is more unified across different domains. As the
advantage of music processing has been well replicated
in multiple studies, we predicted that Chinese partici-
pants would outperform the Dutch participants in the
two music tasks. Also, Chinese participants were
expected to reach higher accuracy in lexical tone dis-
crimination. Considering our focus on pitch perception,
only those parts of the MBEA and the MET that target
pitch perception will be reported.

Methods

Participants

Forty-two native Dutch listeners and 42 native Mandarin
Chinese listeners participated in the study. All the Dutch
listeners were raised and educated in the Netherlands.
The mean age of the Dutch participants was 23.7
(range 19–47). All the Chinese listeners were raised and
educated to at least high school level in China. They
were living in the Netherlands to study or work at the
time of the experiment. The mean age of the Chinese
participants was 26.6 (range 22–31). Among the Dutch
participants, 24 had music instruction (mean length
2.56 years, range 0–8). None of the Dutch participants
had learned or had been exposed to tone languages
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before the experiment. Twenty-four of the Chinese par-
ticipants had received music instruction (mean 1.8
years, range 0–8). For both groups, none of the partici-
pants were practicing music at the time of the exper-
iment, and none of them had been professional
musicians. Univariate ANOVA did not show a significant
difference between the two groups in terms of years of
musical training, F(1, 82) = 1.88, n.s.

Stimuli

Stimuli for the lexical tone experiment
A female native speaker of Mandarin Chinese recorded
multiple tokens of monosyllables /ba/, /bwɔ/, /bi/, /da/,
/dwɔ/, /di/, /la/, /lwɔ/, /li/, /ma/, /mwɔ/, /mi/, /na/, /nwɔ/
, /ni/ in isolation, each carrying all possible tones. When
these syllables carry T2, the representing characters
are: 拔, 博, 鼻, 达, 夺, 迪, 喇, 罗, 梨, 麻, 摩, 迷, 拿, 挪,
尼. All syllables are phonologically legal in Mandarin
Chinese. Except /nwɔ/ carrying T1, and /nwɔ/ carrying
T3, all other syllables exist in Chinese. To ensure natural
production, other syllables and sentences were also pro-
duced among these syllables. The recording took place
in a sound-proof phonetic lab equipped with a DAT
Tascam DA-40 recorder and a Sennheiser ME-64 micro-
phone. After recording, one token for each syllable of
all tones were chosen for further manipulation. First,
the original syllables with the same segments were set
to the same duration (range: 380–604 ms), using
overlap-add method in PRAAT (Boersma & Weenink,
2011), so that duration could not be used as a cue for dis-
crimination. Although T3 tends to have a longer duration
compared to the other lexical tones (Xu, 1997), duration
is not the primary cue for lexical tone perception. For
example, although discrimination based on duration
was not directly examined, the stimuli in Hallé et al.
(2004) and Shen and Lin (1991) differed with about
100 ms, but in both studies, the native listeners
reached ceiling accuracy for identifying T2 and T3. Our
stimuli were longer than the average syllable duration
in running speech (Chen, Wang, & Lee, 2000), which
ensured the naturalness of both T2 and T3. Equal dur-
ation of T2 and T3 does not render them unnatural or
confusable for native listeners. Secondly, to create the
monosyllabic stimuli carrying T1 and T4, for each syllable,
we extracted the pitch contour of T1 in PRAAT, replaced
the original pitch contour of the T4 syllables with the
extracted T1 contour, and then resynthesised the T1 syl-
lable using the overlap-add method in PRAAT. To get the
stimuli carrying T2 and T3, similarly, for each syllable, we
extracted the pitch contours of the original T3, and
replaced the original pitch contour of the T2 syllable
with the extracted T3 contour, and then resynthesised

the T3 syllable. These manipulated syllables were used
as stimuli in the MT. Multiple native Mandarin Chinese
speakers listened to the stimuli, and agreed that these
sounded natural. The participants’ task was to discrimi-
nate between T2 and T3 and between T1 and T4. For
each tonal pair, all the possible four combinations, T2–
T2, T2–T3, T3–T2, and T3–T3 were presented to partici-
pants randomly, but with equal chance of each. The
experiment had a total of 120 trials.

Only /ba/, /bwɔ/, /da/, /dwɔ/, /la/, /lwɔ/, /ma/, /mwɔ/,
/na/, /nwɔ/ were used as tone bearing syllables to
ensure that the BT part could be administered within a
reasonable time frame. For the bisyllabic sequences, we
reduced the duration of the mentioned syllable used in
the monosyllabic tone discrimination task to 225 ms,
using the overlap-add method in PRAAT. Then we conca-
tenated the monosyllables to generate T1T4, T4T1, T4T4,
and T1T1, as well as T2T3, T3T2, T3T3, and T2T2
sequences. These bisyllabic sequences were used as
stimuli. Although each individual syllable is a legal mor-
pheme, none of the bisyllabic sequences are real
words.1 The participants were asked to discriminate
between T3T3–T2T3, T3T3–T3T2, T3T3–T2T2, T4T4–
T1T4, T4T4–T4T1, and T4T4–T1T1. Multiple native listen-
ers listened to the bisyllabic sequences, and all agreed
that they sounded natural. Repetitions of each bisyllabic
sequence, such as T2T2–T2T2, T1T1–T1T1 and T2T3–
T2T3, were introduced as “same” trials, and the repetition
of each sequence occurred once. The experiment had a
total number of 180 trials.

The lexical tones were presented either in T2–T3 or in
T1–T4 pairs for the following reasons. First, for both tone
and non-tone language listeners, the discrimination
between T2 and T3 is the most difficult (Chen, 2013;
Huang, 2001; Hume & Johnson, 2001) whereas the dis-
crimination between T1 and T4 is relatively easy (Liu &
Kager, 2014). By testing both “difficult” and “easy” con-
trasts together, we had the chance to examine whether
the two groups would differ in the discrimination of
lexical tones, and if so, whether such differences were
specific to the difficult or easy tones. Second, it has
been argued that T2 and T3 share a similar pitch register,
which is lower than T1 and T4 (Whalen & Xu, 1992). Our
manipulation ensured that the natural register of the
lexical tones was not distorted, and at the same time
pitch contour was the only cue for discrimination.

Stimuli for music experiments
Two widely used standard tests, the MBEA (Peretz et al.,
2003) and the MET (Wallentin et al., 2010) were used to
evaluate music processing. Whereas the MBEA is used
to screen people with amusia, the MET has been
claimed to be sensitive enough to reveal the difference
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in musical aptitude, even among musicians (for detailed
description of the musical stimuli, please refer to Peretz
et al. (2003) and Wallentin et al. (2010). We included
both tests to have a more complete measurement of
the listeners’ music perception. In the MBEA, the first
three subtests aim at pitch processing (scale, contour,
and interval, respectively) whereas the last three target
rhythm processing and short-term memory. In the MET,
the first subtest tests the discrimination between
musical melodies, and the second one tests the discrimi-
nation between different rhythms. In both the MBEA and
the MET, the listeners were asked to judge whether two
pieces of musical melodies were the same or different,
and half of the trials were same trials. The two melodies
in the different pairs differed in one note. The lexical
tones and the musical stimuli were both ecologically
valid. The lexical tones were realised on multiple syllables
with natural human voice, and the melodies had real
musical structure. This ensured that our tasks do
tapped into the processing in music and language
domain.

Procedure

The evaluations were divided into two sessions, with at
least half a day in between. In the first session, the partici-
pants finished the lexical tone discrimination experiment
followed by the MBEA in a sound-proof booth. For the
lexical tone part, the BT always preceded the MT. Such
a fixed order was adopted for the following reason.
Pilot experiments found that Dutch listeners were quite
accurate at discriminating the monosyllabic tones,
hence it was very unlikely that the experience with the
bisyllabic tones would enhance the MT to an even
better level. Yet if the listeners had first participated in
the MT, their performance in the BT might have reflected
a learning effect. Altogether the first part took about 100
minutes. In both the MT and the BT tasks, the participants
were asked to discriminate between two sequences as
fast as possible by pressing a button labelled “same” or
“different”. Within these tasks, the stimuli were randomly
presented. The inter-stimulus interval between the two
sequences in each trial was 1500 ms, and the
maximum response duration was one second. Failing
to give a response within one second was considered
as an incorrect response. Such a time limit was expected
to increase the difficulty of the experiment, and hence
better reveal the participants’ perceptual sensitivities to
the lexical tones. After these, in a second session, the
MET was given to the participants to finish at home.
Two Dutch participants and five Chinese participants
preferred to return to the lab for a second time to com-
plete the MET. Those who did the MET at home were

required to finish it in a quiet room without interruption.
To make it easier for the participants, the answer sheet
for the MET was converted into an Excel spreadsheet,
and the participants were asked to type an “x” in the
cells corresponding to their answers. We piloted this
with both Chinese and Dutch native listeners, and
found that the MET can be finished in this way without
difficulty. The participants were paid for their partici-
pation after the MET answer sheet was received.

Results and discussion

Statistical analysis

SPSS 20 was used for the statistical tests.

Cross-language comparison within each task

Results
Table 1 lists the mean missing and correct hit trials
(including accurate response to both the same and the
different trials), together with the mean discrimination
accuracy. For the lexical tone discrimination task, we sep-
arately looked at the discrimination accuracy (number of
correct responses divided by number of trials) of the
trials that involved T2 and T3, and those involving T1
and T4 for each language group.

A mixed-design ANOVA was carried out taking tone
groups (involving T1 and T4 or T2 and T3) and tasks
(MT or BT) as within-subject factors and native language
as a between-subject factor. Both tone groups, F(1, 82) =
170.57, p < .01 and tasks, F(1, 82) = 26.20, p < .01 showed
a significant main effect, but no significant main effect of
language background was found, F(1, 82) = 0.17, n.s.
Both the Chinese and the Dutch listeners reached
higher accuracy in the MT tasks than in the BT tasks,
and in the T1T4 group than in the T2T3 group. Significant
interactions were found between tone groups and
language background, F(1, 82) = 14.50, p < .01, between
tone groups and tasks, F(1, 82) = 5.29, p < .05, and
between tone groups, language background and tasks,
F(1, 82) = 12.65, p < .01. Bonferroni corrected post-hoc
tests indicated a significant difference between the
Dutch and Chinese listeners in the BT involving T2–T3,
with the Dutch outperforming the Chinese (p < .05);
none of the rest pair-wise comparisons turned out to
be significant. Figure 1 plots the accuracy of the
Chinese and the Dutch listeners in each of these tasks.2

The raw scores of each of the three subtests in the
MBEA and the MET and the total accuracy of these
tasks of the two language groups are listed in Table 2.
For the subtests of the MBEA, we conducted a mixed-
design ANOVA with the raw scores of each subtest
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being the dependent variable, the subtests being the
within-subject factor and language background being
the between-subject factor. A significant main effect of
subtests was found, F(2, 164) = 4.32, p < .05; language
background also showed a significant main effect, F(1,
82) = 5.66, p < .05. The interaction between subtests
and language background was not significant, F(2,
164) = 0.04, n.s. Bonferroni corrected post-hoc tests
showed a significantly lower score in subtest 3 than in
subtest 2, and the Chinese listeners significantly outper-
formed the Dutch listeners. We computed a total accu-
racy for the MBEA, namely the total correct answers of
the three pitch subtests divided by the total trial
numbers of all the three subtests. A mixed-design
ANOVA was carried out with the MBEA and the MET
accuracy being the dependent variables, taking native
language as between-subject variable and task (MBEA
or MET) as within-subject variable. The results showed
a significant main effect of language background, F(1,
82) = 14.86, p < .01, where the Chinese listeners outper-
formed the Dutch listeners. The interaction between

language and task was marginally significant, F(1, 82) =
2.93, 0.05 < p < .1.

Discussion
For the lexical tone tasks, overall, as shown in Table 1, the
Dutch and Chinese listeners reached a comparable level
of accuracy, regardless of whether the tones were diffi-
cult or easy. The observed significant difference in the
BT involving T2 and T3 was probably due to T3 sandhi.
As T3 sandhi results in assimilation between T2T3 and
T3T3, Chinese listeners tend to perceive these two bisyl-
labic tonal sequences as the same (Chen, Liu, & Kager,
2015; Shen & Lin, 1991). Yet, despite this, Chinese listen-
ers still reached an accuracy rate higher than 70%. These
results suggest that non-tone language speakers were as
accurate as their tone language peers in these lexical
tone discrimination tasks. Although the Dutch listeners
were unaware of the contrastive nature of the lexical
tones, when presented with monosyllabic and bisyllabic
tones, they were nevertheless fairly accurate at discrimi-
nating them by listening to the acoustics. It was not
expected that Dutch listeners were equally accurate as
Chinese listeners. Yet it should be acknowledged that
the lexical tone discrimination tasks were quite simple,
and the lexical tones were presented in a quiet booth.
It is possible that under such a favorable environment,
even Dutch listeners, who were naive to lexical tones,
could still discriminate these tones accurately. Other
studies have also found highly accurate identification
of Chinese lexical tones by non-tone language listeners
(e.g. Burnham et al., 1996; Burnham et al., 2015; So &
Best, 2010). If the tasks had been more complicated
and involved more linguistic content (e.g. pairing tones
to word meanings), we would expect differences

Table 1. Mean misses, correct hits and accuracy in each tone combination in each task.
Chinese misses Chinese hits Chinese accuracy Dutch misses Dutch hits Dutch accuracy

MT T2–T3 2.37 (2.85) 51.43 (4.10) 0.86 (0.07) 0.67 (0.98) 51.10 (6.85) 0.85 (0.11)
MT T1–T4 2.91 (2.52) 56.52 (3.48) 0.94 (0.06) 0.98 (1.39) 55.86 (4.86) 0.92 (0.09)
MT overall 4.40 (4.44) 107.95 (5.75) 0.90 (0.05) 1.64 (2.17) 106.95 (11.20) 0.89 (0.09)
BT T2–T3 10.62 (11.43) 68.79 (11.05) 0.77 (0.12) 3.60 (2.60) 74.64 (10.60) 0.82 (0.12)
BT T1–T4 5.19 (6.97) 82.17 (9.83) 0.91 (0.11) 2.83 (2.16) 80.5 (9.22) 0.89 (0.1)
BT overall 15.81 (17.88) 150.95 (19.51) 0.84 (0.11) 6.43 (4.02) 155.14 (18.87) 0.86 (0.10)

Figure 1. Mean accuracy of the Chinese and the Dutch listeners
in the lexical tone discrimination tasks.

Table 2. Mean raw scores of each MBEA subtest and the pitch
part of the MET, and the MBEA and the MET accuracy of the
Chinese and Dutch listeners.

Dutch listeners Chinese listeners

MBEA subtest 1 scale 25.29 (2.91) 26.50 (2.92)
MBEA subtest 2 contour 25.69 (2.86) 27.02 (2.28)
MBEA subtest 3 interval 24.81 (3.06) 26.19 (3.58)
MET 36.57 (4.97) 40.48 (3.17)
MBEA accuracy 0.84 (0.08) 0.89 (0.08)
MET accuracy 0.70 (0.1) 0.78 (0.06)

Note: The standard deviations are given in parenthesis.
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between the groups to emerge. What our results show is
that the lack of phonological representation of the lexical
tones does not preclude accurate (phonetic)
discrimination.

In both of the music tasks, however, the Chinese lis-
teners outperformed the Dutch listeners. With regard
to musical pitch perception, the tone language listeners
did show higher accuracy as predicted. In addition,
although statistically non-significant, such enhancement
seemed to be more evident in the MET, which is a more
demanding test when compared with the MBEA (Wal-
lentin et al., 2010). In other words, the more difficult
the musical pitch processing is, the more evident the
advantage of tone language listeners possibly is. Our
findings argue for a benefit of musical pitch processing
as the result of growing up with a tonal native language,
which is consistent with previous findings (Alexander
et al., 2008; Bidelman et al., 2013; Pfordresher & Brown,
2009; Stevens et al., 2004; Wong et al., 2012; ). Sensitivity
to the pitch differences exhibited in the lexical tones is a
prerequisite for acquiring them. Hence, learning to tease
apart and build up mental representation of such
pitch patterns may have enhanced pitch processing
generally.

Cross-task analysis within each language

Results
The overall MBEA accuracy, the MET accuracy, the accu-
racy of the MT, and the accuracy of the BT were used to
examine cross-task correlations. In Tables 3 and 4, we list
the correlation coefficients (Pearson’s r, two-tailed)
between the accuracy of each of the two tasks for the
Dutch and Chinese listeners respectively. Figure 2
through 5 plot the cross-domain correlations of the
Dutch and the Chinese listeners, respectively. For the
Dutch listeners, significant correlations were found
between each two of these tasks. For the Chinese listen-
ers, however, significant correlations were only observed
between tasks of the same domain.

Discussion
As shown in Table 3, among the Dutch listeners, signifi-
cant correlations were found between each two of

these tasks. First and most importantly, the accuracy
for both the MT and BT tasks correlated significantly
with both the MBEA and the MET. In other words,
those listeners who were more accurate in discriminating
the lexical tones, were also more accurate in discriminat-
ing the musical melodies. Such correlations favor a
unified processing of musical pitch and lexical tones,
and were likely to be due the psycho-acoustical percep-
tion of the lexical tones by the Dutch listeners. Being
naive to the linguistic function of the lexical tones,
their pitch discrimination possibly resided on the detec-
tion of acoustical differences in both the linguistic and
the music tasks. Second, within each domain, the accu-
racy of different tasks correlated with each other signifi-
cantly, which indicates the listeners’ consistency within
the same domain. In addition, the significant correlation

Table 3. Correlation between multiple tasks performed by Dutch
listeners.

MBEA MET MT BT

MBEA r = .44** r = .63** r = .6**
MET r = .45** r = .42**
MT r = .86**

*Significance at .05 or lower.
**Significance at .01 or lower.

Table 4. Correlation between multiple tasks performed by
Chinese listeners.

MBEA MET MT BT

MBEA r = .56** r = .07 r =−.17
MET r =−.15 r =−.26
MT r = .38a,*
aAs can be seen on Figure 4 and Figure 5, three Chinese participants had an
accuracy lower than 60% in BT, which was somewhat unexpected. Yet these
participants had an accuracy above 80% in MT. Hence, they were included
in the correlation analysis. If these three participants were excluded, then
Pearson’s r between MT and BT for the Chinese participants was 0.58, p
< .01. The cross-domain correlations remained non-significant.

*Significance at .05 or lower.
**Significance at .01 or lower.

Figure 2. Correlation between the lexical tone discrimination
tasks and the MBEA pitch tasks for the Dutch listeners. Linear
R2 MT = 0.4 and linear R2 BT = 0.36.
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between the MBEA and the MET corroborated the val-
idity of the two tests in revealing musical pitch proces-
sing abilities.

Turning to Table 4, the Chinese listeners, on the
other hand, showed very different results. Significant
correlations were only found between tasks within the
same domain. The significant correlation between the
MBEA and the MET demonstrates the consistency in
pitch perception within the music domain of tone
language listeners. Those who were more accurate in
one musical task were also more accurate in the
other one. The same holds true for the discrimination
of native lexical tones. The absence of cross-domain
correlations suggests that native lexical tones and
musical pitch might be processed independently. As
we predicted, the discrimination of lexical tones did
not seem to be influenced by whether the participants
showed high or low sensitivity to musical pitch. Com-
paring Figures 4 and 5 to Figures 2 and 3, the distri-
bution of the accuracy of the music discrimination
tasks was somewhat more dispersed among the
Dutch listeners than among the Chinese listeners.
Seeing the higher consistency of the Chinese listeners
in the music task, one plausible explanation of the
enhancement in musical pitch perception might be
that, growing up with a native tone language helps
to improve pitch perception of those listeners with
low pitch sensitivity.

General discussion

In the current study, we tested Dutch and Chinese listen-
ers on two musical pitch and two lexical tone discrimi-
nation tasks. For the discrimination of lexical tones, the
Chinese and the Dutch listeners reached a comparable
level of accuracy whereas the Chinese listeners outper-
formed their Dutch counterparts in the MBEA and the
MET. With regard to the relationship between musical
pitch and lexical tone perception, significant cross-
domain correlations were only observed among the
Dutch but not among the Chinese listeners.

Our findings of improved accuracy in musical pitch
processing among tone language listeners are consistent
with previous studies (Alexander et al., 2008; Bidelman
et al., 2013; Pfordresher & Brown, 2009; Stevens et al.,
2004; Wong et al., 2012). The enhanced music perception
is likely to be the result of growing up with a native tone
language. After all, lexical tones are mainly pitch vari-
ations, and acquiring the tonal categories requires build-
ing up separate representations for each tonal pattern.
Learning to tease apart the tones may have enhanced
tone language listeners’ perception of pitch in general.
Establishing native phonology occurs early in life when
the brain is still highly malleable. Learning the contras-
tive function of pitch in one’s native language may
bring a “bonus” to other cognitive abilities (Bidelman
et al., 2013; Wong et al., 2012), and the benefit brought
by learning early in life may well stay until adulthood.

Figure 3. Correlation between the lexical tone discrimination
tasks and the MET pitch task for the Dutch listeners. Linear R2

MT = 0.21 and linear R2 BT = 0.18.

Figure 4. Correlation between the lexical tone discrimination
tasks and the MBEA pitch tasks for the Chinese listeners. Linear
R2 MT = 0.01 and linear R2 BT = 0.03.
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Somewhat unexpectedly, we did not observe a better
performance on lexical tone tasks among the Chinese lis-
teners. Yet comparable levels of accuracy do not equal
same way of processing, nor do they imply equal sensi-
tivity to lexical tones. Several studies have shown that
lexical tones are processed in different ways by native
and non-native listeners (Francis et al., 2003; Hallé et al.,
2004). In light of these previous findings, presumably, in
our tasks, Chinese listeners perceived their native lexical
tones as phonological contrasts, whereas Dutch listeners
paid attention to the acoustical differences. The simplicity
of the taskmay be another reason for the high accuracy of
the Dutch listeners. If the tasks had been conducted in a
less favorable environment, the advantage of perceiving
native lexical tones would have possibly been visible.

One crucial finding of the current study is that only for
the non-tone language listeners did the discrimination of
musical pitch and lexical tones correlate, whereas no
cross-domain correlation was observed for the tone
language listeners. It is not a new idea that the human
perception system can be shaped by input. Within the
domains of language and music, perceptual attunement
has been found in numerous studies (e.g. Mattock &
Burnham, 2006; Mattock et al., 2008; Trainor & Trehub,
1992; Trehub et al., 1999; Werker & Tees, 1984). What
we find here is that not only within-domain perception
can be shaped by experience, but also that the connec-
tion between language and music does not seem to be
hard-wired. Having learned the linguistic function of
lexical tones in their native language, Chinese listeners

no longer perceive the lexical tones as simple acoustical
events, but treat them as phonological categories.
Hence, the perception of lexical tones seems to be split
from the perception of other phonologically irrelevant
pitches. Acquiring a non-tone language, on the contrary,
does not require establishing phonological represen-
tations of pitch variations in a lexically contrastive way,
which may explain why non-tone language listeners
showed stronger cross-domain pitch processing in the
present study. In sum, language experience can shape
how linguistic and musical pitch are correlated.

This lack of correlation among the Chinese listeners
may seem surprising at first glance. Previous studies
with amusics have found that tone language amusic lis-
teners were impaired at perceiving their native intona-
tion patterns (Jiang et al., 2010), and non-tone
language amusics were less accurate compared to con-
trols when discriminating lexical tones (Tillmann et al.,
2011). These studies seem to argue for a shared proces-
sing between speech pitch and musical pitch regardless
of language background. Such findings, however, do not
conflict with our results. The crucial difference between
these studies and ours is whether these linguistic
pitches are phonologically contrastive, or in other
words, phonemic. Neither intonation, nor the lexical
tones for non-tone language listeners, serves the phono-
logical contrastiveness that the native lexical tones serve
to Chinese listeners. Another piece of evidence support-
ing the split hypothesis is that even amusics who speak a
tone language natively are able to produce their native
lexical tones correctly and most are also able to discrimi-
nate them accurately (Liu et al., 2012; Nan et al., 2010).

For future research, it would be interesting to test
native tone language listeners with non-native lexical
tones or intonations, and examine whether the discrimi-
nation of these linguistic stimuli correlate with the dis-
crimination of musical pitch. A significant correlation
would strengthen the evidence in support of the split
hypothesis, as neither non-native lexical tones nor into-
nations are lexically contrastive.

Learning the phonological function of lexical tones
involves perception of different phonetic dimensions of
pitch (e.g. slope, turning point, and pitch level). It has
been shown that only for those non-speech homologues
that exhibit the naturally occurring pitch dimensions of
their native lexical tones (e.g. curvilinear pitch slope as
opposed to linear pitch slope), tone language speakers
showed enhanced discrimination (Chandrasekaran, Krish-
nan, & Gandour, 2007). When native tone language listen-
ers learn a new tone language, their native tonal
categories interfere with learning the new ones (Francis,
Ciocca, Ma, & Fenn, 2008). It would be interesting for
future study to investigate whether the perception of

Figure 5. Correlation between the lexical tone discrimination
tasks and the MET pitch tasks for the Chinese listeners. Linear
R2 MT = 0.02 and linear R2 BT = 0.07.

758 A. CHEN ET AL.



certain phonetic dimensionsmight correlate across differ-
ent domains among tone language listeners.

The findings that the Dutch listeners showed signifi-
cant cross-domain correlation whereas the Chinese did
not, lead to new questions regarding the plasticity of
human cognition. We speculate that infants, regardless
of language background, start by perceiving lexical
tones acoustically when their ability to discriminate
both native and non-native sound categories is still
intact (Harrison, 2000; Mattock & Burnham, 2006;
Mattock et al., 2008; Yeung et al., 2013). Tone language
learning infants then learn to incorporate tonal pitch
into their phonology as they gradually get attuned to
their native language. In this acquisition process, the
need to build up representations of lexical tones possibly
sharpens their general pitch perception. Such enhanced
sensitivity is retained into adulthood and extends
beyond speech processing. In other words, although
learning native lexical tones occurs early in life, the
benefit brought by such early tuning of the brain stays
until adulthood. For now, no clear answer can be given
to the question of whether an improvement in pitch per-
ception brought by learning lexical tones, once exhib-
ited, can undergo attrition. For future studies, it would
be interesting to compare tone language attritors and
non-tone language listeners on their pitch perception.
Another interesting question is at what age tone
language learners start to split their native lexical tones
as opposed to pitch in musical contexts. It seems that
the acquisition of lexical tones continues until at least
early childhood (Hua & Dodd, 2000). Within the early
years of life, when and how lexical tones are split from
other types of pitch needs further investigation.

Notes

1. /dwɔ-dwɔ/ both carrying a dipping tone can be used as
quantifier in lyrics, and toddlers may use /ba-ba/ both
carrying a falling tone to refer to father, and /ma-ma/
both carrying a level tone to refer to mother.

2. We also conducted the same mixed-effect ANOVA with
accuracy calculated as correct hits divided by the sum of
trials where the participants gave a response (i.e. exclud-
ing the missing trials). The significant effects remained
the same except that task was marginally significant F(1,
82) = 3.06, 0.05 < p < .1, and the interaction between
tone and task was non-significant, F(1, 82) = 1.96, n.s.
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