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perception of Cantonese tones
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This study investigates the relationship between music and speech, testing whether musical training
has any facilitatory effects on native tone language speakers. Some Cantonese tone pairs are merging
in recent years. The merging subjects have poorer general lexical tone perception than the control
subjects. Previous studies showed that musical training facilitates lexical tone perception of nontone
language speakers, but it is unclear if the same is true for tone language speakers. Three groups of
listeners (standard Cantonese, merging Cantonese, nontone) with and without musical training
participated in AX discrimination tasks of Cantonese monosyllables and pure tones resynthesized from
Cantonese lexical tones. Results show that while musical training enhances lexical tone perception of
nontone listeners, it has little influence on Cantonese listeners. The findings suggest that the linguistic
use of tones is more fundamental and more robust than musical tones. Our results are compatible with

the idea that linguistic and musical mechanisms belong to separate but overlapping domains.
© 2012 Acoustical Society of America. [http://dx.doi.org/10.1121/1.4747010]
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. INTRODUCTION

This study investigates the relationship between musical
training and the perception of lexical tones by comparing the
perception of Cantonese tone pairs by native Cantonese and
nontone listeners with and without musical training. Its spe-
cific focus is whether musical training has any facilitatory
effect on native Cantonese listeners who are merging lexical
tones.

Much recent research interest is drawn into the relation-
ship between musical training and lexical tone perception.
Most previous studies on the relationship between music and
speech either compared tone perception by nontone language
speakers who are musicians and non-musicians or compared
these nontone speakers with tone-language speakers with no
musical training (e.g., Wong et al., 2007; Lee and Hung,
2008; Chandrasekaran et al., 2009; Bidelman et al., 2010,
2011). Previous studies have shown that musical training can
facilitate lexical tone perception of nontone language speak-
ers (e.g., Gottfried, 2007; Lee and Hung, 2008; Wayland
et al., 2010). In addition, there are significantly more musi-
cians speaking Mandarin (a tone language) with absolute
pitch than musicians speaking American English; and the
prevalence of absolute pitch is negatively correlated with
the age of onset of musical training (Deutsch et al., 2006;
Deutsch et al., 2009; Lee et al., 2011). These results suggest
that similar processing mechanisms may be involved in lexi-
cal and musical tone perception even if the nature of such
mechanisms is still unclear (Schellenberg and Peretz, 2008).

YPortion of this work was presented in “Effects of tone merging and musical
training on Cantonese tone perception,” Speech Prosody 2012, Shanghai,
China, May, 2012.
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However, a crucial question regarding the “same mecha-
nisms” proposal remains unanswered: Whether musical
training can also facilitate lexical tone perception of native
tone language speakers as well. Such evidence is understand-
ably elusive because native speakers of tone languages are
believed to perform at ceiling and are used as reference for
comparison. A tone language with acoustically similar tone
pairs that are undergoing tone change offers the best oppor-
tunity to investigate this possibility. Cantonese is a case in
point.

Hong Kong Cantonese is well-known for its complex
tone system with six lexical tones (T): T1 (high-level [55]),
T2 (high-rising [25]), T3 (mid-level [33]), T4 (low-falling
[21]), TS (low-rising [23]), and T6 (low-level [22]). There
are three tones for checked syllables ending with final stop
consonants (-p, -t, -k): T7 (high-stopped [5]), T8 (mid-
stopped [3]), and T9 (low-stopped [2]), which are considered
allotones of T1, T3, and T6, respectively (Bauer and Bene-
dict, 1997). In total, then, the Cantonese tone inventory con-
tains three level tones (T1 [55], T3 [33], T6 [22]), two rising
tones (T2 [25], TS5 [23]), and one falling tone (T4 [21]). The
Cantonese “tone space” is very crowded because apart from
T1 [55], the remaining five tones are all situated in the low
to mid pitch range, and four of them share the same starting
pitch height [2]. Several tone pairs, T2 [25]/T5 [23], T3
[33]1/T6 [22], T4 [21]/T6 [22], are acoustically very similar.
They are confusable even for adult native speakers (Varley
and So, 1995).

In recent years, some Cantonese speakers in Hong Kong
no longer clearly distinguish all six tones in their production.
The most notable merging pair is T2 [25] vs TS5 [23] (Bauer
et al., 2003). Some speakers also have a tendency to merge
T3 [33] and T6 [22] and T4 [21] and T6 [22], respectively
(Mok and Wong, 2010a, 2010b). Tone merging is a relatively
recent phenomenon in Hong Kong. The acoustic similarity
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between these tone pairs renders them particularly susceptible
to sound change. Sociolinguistically, the influx of migrants
from China, language contact between Cantonese and other
languages (other Chinese varieties), and the increasing influ-
ence of Mandarin are likely factors contributing to the merging
of tones in Hong Kong. Mok and Wong’s (2010a) preliminary
data showed that the merging native speakers have poorer
general tone perception of Cantonese tones than their non-
merging native counterparts do; this is not limited only to the
merging tone pairs. This implies that the merging speakers are
less sensitive to linguistic tone differences even though they
are also native speakers. This situation raises the interesting
question of whether musical training has any facilitatory effect
on tone perception of these merging native speakers.

Few studies have investigated the effect of musical
training on native tone language speakers. Deutsch and col-
leagues (Deutsch, 2002; Deutsch et al., 2004; Deutsch et al.,
2006; Deutsch et al., 2009) proposed a concrete hypothesis
that the rare musical ability of absolute pitch originally
evolved to subserve speech and that processing of lexical
and musical pitch share the same neural circuitry. They
argued that musical tones and lexical tones are treated in the
same way by the brain. Infants born into a tone language
environment develop the neural circuitry for processing
tones (both lexical and musical). When they later begin
music lessons, the neural circuitry for tones is already in
place, and therefore they should have an advantage in proc-
essing musical tones compared to nontone language speak-
ers. As mentioned in the preceding text, Deutsch and
colleagues have shown that there are significantly more
musicians speaking a tone language with absolute pitch than
musicians speaking English; and the prevalence of absolute
pitch is negatively correlated with the age of onset of musi-
cal training.

Other studies on the relationship between music and
speech have not advanced such specific hypothesis for tone
language speakers. Although Deutsch’s hypothesis provides
concrete predictions about music and speech regarding abso-
lute pitch, there are still many unknowns about the more
general effects of musical training on tone language speakers
as there are substantial differences in how tone patterns are
used in music and language. Besides absolute pitch is
unnecessary for the development of normal musical ability
(e.g., see relevant discussion in Patel, 2008; Bidelman et al.,
2010, 2011). Deutsch et al. (2004, p. 340) themselves also
pointed out that absolute pitch is not necessarily accompa-
nied by superior performance on other musical processing
tasks. Therefore more studies are needed to investigate the
domain-(non)specificity of music and speech for tone lan-
guage speakers.

The current study compares tone perception of merging
Cantonese speakers (“merging Cantonese” hereafter) with
that of non-merging Cantonese speakers, who clearly distin-
guish all six Cantonese tones (“standard Cantonese” here-
after). Additionally, it investigates the relationship between
lexical tone perception and musical training by comparing
the data of both Cantonese and nontone listeners with
advanced musical training (“musicians” hereafter) and those
with no or very limited musical experience (‘“‘non-musicians”
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hereafter). Cantonese is an interesting target language
because of its complex tone system as described in the pre-
ceding text. Previous studies on similar topics used either the
Mandarin four-tone system (i.e., level, rising, dipping, and
falling) (e.g., Lee and Hung, 2008) or the Assamese two-
tone system (i.e., falling and rising) (Wayland et al., 2010)
in which the major tone difference lies in pitch direction. In
these studies, musicians consistently outperformed non-
musicians; this suggests that musical training facilitates lis-
teners’ ability to identify non-native lexical tones. However,
it is unclear whether the same musical facilitatory effects
can also be found when the nontone listeners need to distin-
guish much more subtle differences found in Cantonese in
which both pitch height and the magnitude of change are im-
portant cues for tonal distinction (Gandour, 1981).

The core research question of the current study is whether
musical training has any facilitatory effects on merging Can-
tonese speakers. First of all, are there Cantonese musicians
who are merging lexical tones? If so, would their musical
training have any bearing on the degree of tone merge? Spe-
cifically, would the degree of tone merge for merging Canton-
ese musicians be less severe than that of merging Cantonese
non-musicians? Would the same musical training effects be
found in both production and perception? These interesting
issues on musical training and native tone language speakers
have not been discussed in the literature before. Elucidation
of these questions can provide greater understanding of the
intricate relationship between music and speech.

Il. METHOD
A. Subjects

Three groups of subjects participated in the experiment.
The first group consisted of 34 native speakers of English or
French who had not learned any tone languages before (non-
tone). The second group consisted of 30 Cantonese speakers
who clearly distinguished all six tones in their production
(standard Cantonese), and the third group consisted of 28
Cantonese speakers who did not clearly distinguish all six
tones in their production (merging Cantonese).

The merging Cantonese subjects were selected from 169
native speakers with a screening process. Each speaker was
recorded reading a list of 30 words (five different words
x six tones) embedded in a short carrier phrase. The record-
ings of all 169 speakers were auditorily checked independ-
ently by two native speakers of Cantonese with phonetic
training who clearly distinguish all six tones (the first author
included) to determine whether the speaker was likely to
merge the tones. Only those who were identified as merging
Cantonese by both judges were included in this study. The
30 standard Cantonese subjects were also recruited from this
pool of 169 speakers. Their production was confirmed by the
two native judges as clearly distinguishing the tones. Acous-
tic analyses of the tones produced by the two subject groups
were conducted to corroborate the division of these two
groups of subjects as observed in the impressionistic screen-
ing. Details are given in Sec. III.

Although the standard Cantonese and merging Canton-
ese subjects were so divided based only on their speech
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TABLE I. Linguistic backgrounds of the standard Cantonese and merging Cantonese subjects.

Own language

Parents’ language

use at home use at home
No. of Born in Mean onset Mean length
subjects Mainland Cantonese Cantonese and Cantonese and age of Mandarin of Mandarin
contacted China only other languages Cantonese only other languages training training (yr)
Standard 29 3 (10.3%) 27 (93.1%) 2 (6.9%) 17 (58.6%) 12 (41.4%) 7.1(S.D.2.1) 7.4(S.D.2.7)
Merging 24 4 (16.7%) 23 (95.8%) 1 (4.2%) 14 (58.3%) 10 (41.7%) 7.8 (S.D.2.2) 7.5(S.D.2.7)

production, we also tracked them down for further detail of
their linguistic backgrounds. We could contact more than
90% of them finally (29 standard and 24 merging subjects).
Table I shows that the two groups of subjects have quite sim-
ilar linguistic backgrounds according to our questions.
Except two merging Cantonese subjects who came to Hong
Kong from Mainland China at around age 10, all other sub-
jects grew up in Hong Kong either from birth or from a
young age (before age 5) and spoke Cantonese as their home
language. Some subjects in both groups were also exposed
to other languages (mainly Chinese dialects) at home. They
attended local schools and began learning English as a sec-
ond language when they entered kindergarten (around age 3)
or primary one (around age 6) for those who arrived in Hong
Kong later. All subjects passed the Use of English in the
Hong Kong Certificate of Education Examination (HKCEE)
with varying grades. Some subjects were unwilling to dis-
close their exact grades. For those who reported, there were
7 As, 9 Bs, 9 Cs, and 4 Ds in the standard Cantonese group,
and 5 As, 7 Bs, 6 Cs, and 1 D in the merging Cantonese
group. The subjects also learned Mandarin in school. As
Mandarin was not a compulsory subject in HKCEE, there is
no objective measure of their Mandarin proficiency. Never-
theless, both groups of subjects had similar length of training
in Mandarin, and all reported that they had intermediate to
advanced proficiency in this language.

The three groups of subjects were further divided into
three categories by their musical background. Subjects with
more than 7 years of formal musical training in any instru-
ment or vocal singing and had played music regularly in the
past 2 years were classified as musicians. Subjects with no
more than 2 years of casual musical experience and had not
played music regularly in the past 2 years were classified as
non-musicians. Subjects with musical experience between
these two extremes were classified as intermediate. Interme-
diate subjects were excluded from the analysis of musical
training as their musical background is too ambiguous. The
numbers of subjects in each group can be found in Table II.

TABLE II. Numbers of subjects with different language and music
backgrounds.

Nontone Standard Cantonese Merging Cantonese
Musician 10 10 10
Intermediate 10 10 7
Non-musician 14 10 11
Total 34 30 28
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All the subjects were students (either local or exchange) at
the Chinese University of Hong Kong except five nontone
musicians who were recruited at the University of Chicago
in the United States.

B. Materials

The experiment consisted of two AX discrimination tasks
of Cantonese monosyllables and pure tones resynthesized
from the six Cantonese tones. The monosyllable stimuli were
produced by a female researcher and speech therapist, who
clearly distinguishes the six Cantonese tones in her produc-
tion. The tokens were paired up to form two types of stimuli
pairs—120 AA pairs (same-tone pairs) and 120 AB pairs
(different-tone pairs). Altogether 60 target monosyllables with
open or nasal endings (six tones x 10 syllables) were chosen
as the AA pairs together with 60 dummy items to balance the
number of the AB pairs. Dummy items were the checked syl-
lables with final stop consonants (-p, -t, -k) which are consid-
ered allotones of T1, T3, and T6. These dummy items were
excluded from analysis. For the AB pairs, two syllables of
each tone that also appeared in the AA pairs were chosen.
These two syllables were paired with the other five tones to
form the AB pairs, for example, T1/T2, T1/T3, T1/T4, T1/T5,
T1/T6. The order of the AB pairs was counter-balanced, i.e.,
both AB and BA pairs were included. This resulted in 120 AB
pairs (six tones x two syllables x five matching tones X two
orders). The 120 AA and 120 AB pairs were randomized in
the perception experiment.

The six pure tone stimuli were resynthesized from a
Cantonese monosyllable [wai] produced by the same female
researcher mentioned above using PRAAT (4.6.29). The six
tones with [wai] are all meaningful Cantonese monosyl-
lables. The pitch contours of the resynthesized pure tone
stimuli were exactly the same as the six Cantonese lexical
tones, but all segmental information was removed. There are
in total 60 AA pairs and 60 AB pairs (six tones X five match-
ing tones x two orders). The pure tone tokens were also
randomized in the experiment.

C. Procedures

The subjects participated in the perception experiment
individually in quiet rooms. They performed the monosyl-
lable task before the pure tone task. The stimuli were pre-
sented to them through a stereo headphone using E-PRIME 2.0
PROFESSIONAL with a desktop computer. A short practice
before each task and short breaks during the tasks were
given. The subjects were asked to indicate whether the two
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tokens in the stimuli pairs carry the same tone or not by
pressing different buttons on a serial response box. They
were encouraged to respond as accurately and as quickly as
possible. Both accuracy and reaction time were collected.
The inter-stimulus interval (ISI) was 500ms. No feedback
was given. All reaction time values longer than 3000 ms
were counted as missing responses and were excluded from
analysis. This resulted in 0.6% loss of data.

lll. RESULTS
A. Production

The focus of this study is on tone perception. Neverthe-
less, acoustic analyses of the tones produced by the merging
Cantonese and standard Cantonese subjects in the screening
test were conducted to confirm the division of these two
groups of subjects based on impressionistic screening. These
production data can also reveal the patterns of tone merging
in the subjects. Previous studies have shown that Cantonese
tones are primarily discriminated by their pitch contours
especially in the later portion of the tones. Other features
like intensity and duration are not important (Vance, 1977,
Khouw and Ciocca, 2007). Therefore only pitch was ana-
lyzed in the present study. The beginning and ending of each
tone were marked manually, and the FO was measured at ev-
ery +10% from the beginning of each tone. The FO values at
the S5th (50%) and 9th (90%) deciles represent the middle
and the offset of the tone. Discriminant analysis was used to
calculate the classification rate of the tones for each speaker
based on these two predictors (50% point and 90% point).

In addition to capturing the later pitch contours with two
time points (50% and 90%) mentioned in the previous para-
graph, there is another reason why only two predictors were
used for discriminant analysis. Due to creakiness in the low
tones, particularly T4, FO could not be measured from some
tokens. This resulted in fewer than five usable tokens for a
particular tone for some subjects. Discriminant analysis
requires the sample size of the smallest group to be larger
than the number of predictors, i.e., the number of tokens in
each tone group should be larger than the number of predic-
tors. Therefore only two predictors were used to include as
many speakers as possible. Finally, 47 (23 standard vs 24
merging) of the 58 recruited speakers were included in the
analysis.

T1[55] was excluded from the discriminant analysis as
it is well separated from other tones and is not involved in
any merging pairs. Each of the five remaining tones was
treated as a group of five members (i.e., the five tokens pro-
duced in the screening test). Leave-one-out classification, in
which each token is classified by the functions derived from
all the other tokens, was conducted to predict the group
membership of each token. More specifically, in the classifi-
cation process, each token was treated as an unknown sam-
ple, and all the other tokens were used to generate a model
for differentiating the tones that was then used to predict the
group membership of that unknown sample. A higher classi-
fication rate indicates better separation of tones, so the stand-
ard Cantonese subjects should have higher classification
rates than the merging Cantonese subjects. The classification
rate of all the 47 speakers (mean =70.2%, S.D.=12.09%) is
much higher than the chance level (1/5 =20%); this suggests
that the 50% and 90% points can already discriminate differ-
ent tones very well.

An independent #-test shows that the classification rate of
the standard Cantonese group (mean=77.58, S.D.=8.46) is
significantly higher than the merging Cantonese group (mean
=63.25, S.D.=10.91) [#(45)=5.016, P < 0.0001]. The acous-
tic analysis confirms the separation of the standard Cantonese
and merging Cantonese groups by the native judges and also
shows that the tones produced by the merging Cantonese sub-
jects were more similar than those produced by the standard
Cantonese subjects.

In addition, the pitch height of each tone was examined
as there are multiple level and contour tones in Cantonese.
For comparison consistency, the FO values at the 90% points
(i.e., the tone offset) for all the six tones were used as the 50%
point is not suitable for distinguishing the contour tones
because the major differences between them are at the end of
the tones. The left panel of Table III shows that although there
is no obvious difference in the pitch values of individual tones
between the male subjects, the pitch values of the female
standard Cantonese subjects are consistently higher than those
of the female merging Cantonese subjects. The difference is
significant for T1 [#(35) =2.206, P =0.034] and approaching
significance for T2 [#35)=2.018, P=0.051] and T3 [#(35)
=1.865, P=0.071].

The differences between the merging tone pairs, and
between the high level T1 [55] and the low level T6 [22]

TABLE III. Mean pitch values in hertz (standard deviations) of each Cantonese tone at the 90% point and the mean quotients (standard deviations) of several

tone pairs for tone space estimation.

Individual tones

Quotients for tone space estimation

Subjects Total number T1 T2 T3 T5 T6 T1/T6 T3/T6 T2/T5 T4/T6
Female Standard 17 257 229 204 169 204 188 1.368 1.085 1.125 1.115
(24.3) (27.5) (19.8) (15.3) (19.7) (18.1) (0.07) (0.04) (0.06) (0.04)

Merging 20 239 212 192 163 195 179 1.331 1.071 1.086 1.105

(25.8) 24.4) (18.9) (16.2) (20.3) (13.5) (0.08) (0.04) (0.05) (0.10)

Male Standard 7 135 126 110 94 109 101 1.334 1.092 1.157 1.082
(19.9) (18.9) (16.4) (13.2) (14.6) (14.2) (0.06) (0.04) (0.03) (0.04)

Merging 6 134 120 111 94 115 105 1.280 1.058 1.048 1.108

(27.6) (19.9) (19.2) (13.8) (17.4) (18.7) (0.11) (0.01) (0.05) (0.05)
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TABLE IV. The mean quotients (standard deviations) of several tone pairs
for tone space estimation in standard and merging Cantonese groups.

Quotients for tone space estimation

Subjects T1/T6 T3/T6 T2/T5 T4/T6

Standard Musicians 1.375 1.083 1.141 1.125
(0.67) (0.03) (0.06) (0.04)

Non-musicians 1.377 1.099 1.135 1.081

(0.40) (0.04) (0.04) (0.04)

Merging Musicians 1.289 1.062 1.076 1.089
(0.10) (0.03) (0.05) (0.05)

Non-musicians 1.346 1.069 1.095 1.089

(0.09) (0.04) (0.06) (0.10)

were calculated to estimate the size of the “tone space.” The
pitch values of the higher tones (numerator) were divided by
those of the lower tones (denominator). The resultant quo-
tients are thus normalized for individual differences. Higher
quotients indicate that the tones are more dispersed.
The right panel of Table III shows that except for the quo-
tients of T4/T6 for male subjects, the standard Cantonese
subjects had higher quotients than the merging Cantonese
subjects. The difference is significant for the T2/T5 pair for
both male [#(11)=5.072, P <0.0001] and female subjects
[#(35)=2.091, P=0.044]. If we combine the quotients of
male and female subjects (as the quotients are normalized),
in addition to the T2/T5 pair, the difference between T3/T6
also approaches significance [#(48) = 1.845, P=0.071]. The
lack of statistical power due to limited data (only five tokens
for each tone) can explain the nonsignificance of some com-
parisons. Nevertheless, the production data clearly suggest
that the lexical tones were more distinct for the standard
Cantonese than the merging Cantonese subjects, echoing the
conclusion based on discriminant analysis in the preceding
text.

Finally, it is worth checking whether there is any pro-
duction difference between musicians and non-musicians
within the standard Cantonese group and the merging Can-
tonese group, respectively. The mean classification rates in
discriminant analysis for non-musicians were even higher

100 3.05
98 - 2.9
B o6 - 293
£ [
S S
$ 94 - 2.87
92 - 2.81
90 ; ; 2.75

standard C merging C nontone

I %Correct —&— LogRT

A. monosyllables

than those for the musicians in both groups, although the dif-
ference was not significant: Standard Cantonese [musicians:
75.22 (S.D. 7.8) vs non-musicians: 82.09 (S.D. 7.7),
1(15)=—1.793, P =0.093]; and merging Cantonese [musi-
cians: 57.36 (S.D. 13.8) vs non-musicians 64.44 (S.D. 7.6),
t(17)=—1.411, P =0.176]. In terms of the size of the tone
space, Table IV shows that there is no consistent pattern
between the quotients for musicians and non-musicians in
both groups. Among all comparisons between musicians and
non-musicians, only the difference for T4/T6 in the standard
Cantonese group is significant [#(15)=2.204, P =0.044].
Therefore we can conclude that musical training did not
affect tone production of both standard and merging Canton-
ese subjects.

B. Perception

The accuracy (%Correct) and the reaction time data of
the three subject groups were first analyzed regardless of
musical training. We log-transformed the reaction time data
(LogRT) for normalization. Figure 1 shows the averaged
9%Correct and LogRT of the three subject groups in the
monosyllable and pure tone tasks. In general, the standard
Cantonese subjects were the quickest and the most accurate
while the nontone subjects were the slowest and the least
accurate. One-way ANOVAs confirm that both the %Correct
[F(2, 89)=7.727, P=0.001] and the LogRT [F(2, 89)
=11.980, P <0.0001] are significantly different between
groups in the monosyllable task [Fig. 1(A)]. Post hoc tests
with Bonferroni corrections indicate that both the standard
Cantonese (P =0.001) and merging Cantonese (P =0.011)
subjects were significantly more accurate than the nontone
subjects, but there is no significant difference between the
standard and merging subjects. The standard Cantonese sub-
jects were significantly faster in terms of LogRT than both
the merging Cantonese (P =0.022) and nontone (P < 0.001)
subjects, while there is no significant difference between the
merging Cantonese and nontone groups (P =0.157). In sum-
mary, the merging Cantonese subjects resemble the standard
Cantonese subjects in accuracy but resemble the nontone
subjects in reaction time for monosyllables.

100 3.05
98 / 2.99
$ 9% 293k
; §
R 2.87
92 2.81
90 T T 2.75
standard C merging C nontone

I %Correct —d— LogRT
B. pure tones

FIG. 1. (Color online) Accuracy (%Correct) and log-transformed reaction time (LogRT) of the three subject groups in the (A) monosyllable task and (B) pure

tone task. The error bars show one standard error.
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FIG. 2. (Color online) LogRT of the standard Cantonese and merging Cantonese subjects for the confusing tone pairs in (A) monosyllable task and (B) pure
tone task. The error bars show one standard error. Significant comparisons (P < 0.05) are marked with an asterisk.

Although the patterns look similar, there is an interest-
ing language difference in the pure tone task [Fig. 1(B)].
Again, both the %Correct [F(2, 89)=26.843, P <0.0001]
and the LogRT [F(2, 89)=8.791, P <0.0001] are signifi-
cantly different between groups. Post hoc tests with Bonfer-
roni correction indicate that the standard Cantonese and
merging Cantonese subjects are not significantly different in
either %Corret (P=1) or LogRT (P =0.408), while both
groups are significantly better than the nontone subjects in
9%Correct (standard: P < 0.0001; merging: P <0.0001) and
LogRT (standard: P < 0.0001; merging: P = 0.042).

To further investigate the interesting difference in LogRT
between the monosyllable and pure tone tasks for the standard
Cantonese and merging Cantonese subjects, we compared the
confusing tone pairs (T2/T5, T3/T6, T4/T6) individually as
these are the pairs merging in Hong Kong Cantonese in recent
years (Bauer et al., 2003; Mok and Wong, 2010a, 2010b). The
standard subjects were significantly faster than the merging
subjects for most confusing tone pairs in the monosyllable task
[see Fig. 2(A), T2/T5 P=0.05; T5/T2 P=0.014; T3/T6
P=0.105, T6/T3 P=0.032, T4/T6 P=0.003, T6/T4
P =0.027], while there is no significant difference between
them in the pure tone task [Fig. 2(B)], which suggests that the
standard Cantonese and the merging Cantonese subjects were
equally sensitive to pure tones. In other words, even though
the pure tone stimuli were resynthesized from Cantonese
monosyllables, and the pitch contours were the same in both

tasks, there was a difference in the subjects’ responses. From
these results, it is clear that when linguistic information is fil-
tered out, the standard Cantonese subjects do not have any
advantage over the merging Cantonese subjects in perceiving
pitch contours identical to the canonical lexical tones.

The main research question of the present study is
whether musical training can facilitate tone perception of the
merging Cantonese subjects, who resembled nontone sub-
jects in reaction time and were less sensitive to lexical tones
than the standard Cantonese subjects were. The musicians’
and non-musicians’ %Correct and LogRT data in the three
subject groups were compared. Subjects with intermediate
musical training were excluded for a clearer picture (see
Table I). The results in Table V confirm that, similar to pre-
vious studies, the nontone musicians (%Correct = 98.35) are
significantly more accurate than the nontone non-musicians
(%Correct =91.63) [#(13.828) =14.402, P=0.006] in the
monosyllable task, but the differences in reaction time are
not significant. It is interesting to note that musical training
seems to facilitate the accuracy of nontone musicians to
the same level as native speakers (around 98%) [nontone
musicians: 98.35 (S. D. =1.1), standard Cantonese subjects:
98.36 (S. D.=1.9), merging Cantonese subjects: 97.73
(S. D.=3.8), F(2, 65)=0.397, P=0.674]. For the native
Cantonese subjects (both standard and merging), however,
musical training affects neither the %Correct nor the LogRT.
Although the merging Cantonese musicians have a higher

TABLE V. Average %Correct and LogRT (standard deviations) of musicians and non-musicians in the monosyllable and pure tone tasks.

Standard Cantonese Merging Cantonese Nontone

Monosyllables %Correct Musicians 98.86 (0.92) 98.90 (1.59) 98.35 (1.14)
Non-musicians 98.53 (2.95) 96.03 (5.68) 91.63 (7.54)

LogRT Musicians 2.87 (0.05) 2.92(0.05) 29.56 (0.09)

Non-musicians 2.85 (0.09) 2.93(0.12) 29.64 (0.07)

Pure tones 9% Correct Musicians 97.94 (2.26) 99.23 (0.80) 96.28 (2.83)
Non-musicians 98.44 (2.33) 97.95 (2.20) 88.93 (6.19)

LogRT Musicians 2.92 (0.06) 2.90 (0.07) 29.54 (0.07)

Non-musicians 2.86 (0.09) 2.93(0.09) 29.78 (0.09)
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FIG. 3. (Color online) Accuracy (%Correct) and LogRT of the confusing
tone pairs in the monosyllable task for the merging Cantonese musicians
and merging Cantonese non-musicians.

average %Correct than the merging Cantonese non-
musicians (98.9 vs 96.0), the difference is not significant
[#(19)=1.539, P =0.140].

The same patterns can be found in the pure tone task.
Nontone musicians (%Correct = 96.28) are significantly more
accurate than nontone non-musicians (%Correct = 88.93)
[1(19.32)=4.013, P =0.001] with no difference in reaction
time [#(22)=—0.240, P=0.812]. Again, musical training
affects neither the %Correct nor the LogRT for the standard
Cantonese and merging Cantonese groups.

One consistent pattern across subject groups is that non-
musicians have a higher variance than musicians as reflected
in the larger standard deviations in %Correct and LogRT in
both tasks (except LogRT for the nontone group with a very
small difference). This indicates that there is more individual
variation in non-musicians than musicians.

Finally, it is worth checking whether musical training
has any subtle effect on the perception of the confusing lexi-
cal tone pairs for the merging Cantonese subjects as these
pairs are most vulnerable. Figure 3 shows the %Correct and
LogRT of the confusing tone pairs in the monosyllable task
for the merging Cantonese musicians and merging Canton-
ese non-musicians. As we can see, there is hardly any differ-
ence at all. Therefore we can conclude that musical training
has no effect on the merging Cantonese subjects who had
poorer lexical tone perception.

IV. DISCUSSION

The results of the present study confirm previous find-
ings that native speakers of a tone language perform signifi-
cantly better than speakers of nontone languages in the
perception of linguistic tones. It is likely that they perceive
tones in different manners (e.g., see Hallé ef al., 2004; Wang
et al., 2004; Wayland and Guion, 2004; Bent et al., 2006;
Burnham and Mattock, 2007). The higher accuracy of the
nontone musicians, as compared with the nontone non-
musicians, also confirms the results of previous studies that
musical training can facilitate the perception of linguistic
tone for nontone language speakers. This hypothesis is valid
even when the tone system of the target language makes use
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of not only pitch direction as in previous studies (e.g.,
Mandarin), but also the more subtle tone differences in
Cantonese which involve both pitch height and the magni-
tude of change. Therefore, the current findings confirm that
musical training has facilitatory effects on the linguistic use
of tones for nontone language speakers.

The transfer of pitch perception ability from music to
language for nontone listeners implies that there is overlap
and interaction between the musical and linguistic domains.
It is not surprising as both involve pitch as the major corre-
late, although there are important differences in how pitch is
used and structured in each domain (Bidelman et al., 2010,
2011). Bidelman et al. (2010) illustrated the overlap and
interaction between the two domains by showing that tone
language (Mandarin) speakers and (English) musicians
exhibited comparable pitch tracking accuracy in the brain
stem in perceiving both Mandarin Tone 2 and the musical
interval of a major third. This evidence suggests that abilities
in pitch encoding can be transferred across domains. How-
ever, their findings of domain-specific extraction of pitch
features also clearly demonstrated that the two mechanisms
are not homogeneous—musicians’ brain stems may be more
sensitive to pitches that correspond to discrete notes along
the musical scale, while tone language speakers’ brain stems
may be more sensitive to rapid but continuous pitch changes
analogous to those used in lexical tones.

Regarding the specific research questions raised in Sec.
I, first, we found musicians who are merging lexical tones.
Second, musical training did not have any effect on their
tone merge in either production or perception. The finding of
no facilitatory effect of musical training in either standard
Cantonese or merging Cantonese subjects supports the exis-
tence of domain-specific modules and circuitries. Merging
Cantonese subjects were less sensitive than the standard
Cantonese subjects in general lexical tone perception, but
even advanced musical training does not have any effect on
their perception of lexical tones. It is possible that the ceiling
effect has caused the lack of difference in %Correct between
the Cantonese musicians and Cantonese non-musicians as it
is sufficient for them to depend solely on their linguistic
knowledge to discriminate the tones in their native language.
One interesting finding of this study is that although the
monosyllable task suggests that the standard Cantonese sub-
jects were significantly faster than the merging Cantonese
subjects in perceiving lexical tones, their LogRT was as
slow as that of the merging subjects in the pure tone task.
This implies that the lexical use of tone is more robust and
fundamental than the musical use of tone. When linguistic
information is removed, the standard Cantonese subjects
have no advantage over the merging Cantonese subjects in
perceiving pitch contours identical to lexical tones. The dif-
ferent performance suggests that native tone language speak-
ers may be using two different mechanisms to perceive
lexical pitch and musical pitch.

The data from the nontone listeners can also give us
some side support for the proposal of different mechanisms
for music and speech. Both the monosyllable and pure tone
stimuli were meaningless to the foreign listeners. However,
the monosyllable stimuli were clearly linguistic in nature in
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that they were produced by a female voice with varying seg-
mental information. Such information alone can already
facilitate the nontone listeners’ perception of tones. Their
9 Correct in the monosyllable task is higher than that of the
pure tone task [see Fig. 1, #(33)=—2.705, P=0.011]. This
interesting difference of the nontone listeners is consistent
with the suggestion of the more fundamental role of the lin-
guistic domain over the musical domain.

Following the same reasoning, we would expect the
monosyllabic stimuli to be even more linguistic in nature to
the native Cantonese listeners, but no difference in %Correct
was observed between the monosyllable and pure tone tasks
for them. A probable reason for this is because they were
performing at ceiling for the monosyllable task. The discrim-
ination task in quiet conditions (particularly the AA pairs)
was quite easy for native listeners. The production data show
that even the merging Cantonese subjects still had six tone
categories, although their tones are more similar than those
of the standard Cantonese subjects. It is not surprising, then,
that they could still correctly distinguish the lexical tones
produced clearly by a professional speaker. Similarity with
the lexical tones may also account for the high accuracy of
the pure tones by the native subjects. Thus the nature of the
tasks and the measure of accuracy (%Correct) are not sensi-
tive enough to capture the difference of the two domains for
native Cantonese listeners. The sensitivity issue is further
supported by the significant difference between the LogRT
in monosyllable and pure tone tasks for the standard Canton-
ese subjects [#(29) =3.105, P =0.004, see Fig. 1], but not in
9 Correct. More challenging tasks (e.g., presenting the stim-
uli in noise) or more precise measure (e.g., neuro-imaging)
are needed to reveal the subtle differences for the native
subjects.

In fact, the different acquisition patterns of language
and music also speak for the separation of the two domains.
Although some aspects of music can be acquired implicitly
(Ettlinger et al., 2011), most musical skills (especially those
relating to musicianship) require explicit training and fre-
quent disciplined practice for years. There is also wide indi-
vidual variation in musical abilities. Language, however, is
naturally and implicitly acquired by all children with normal
development. No explicit instruction is required for first lan-
guage acquisition.

Regarding the patterns of acquisition, the hypothesis by
Deutsch and colleagues on absolute pitch and lexical tone is
relevant here (Deutsch, 2002; Deutsch et al., 2004; Deutsch
et al., 2006; Deutsch et al., 2009). As discussed in Sec. I,
Deutsch argued that absolute pitch and lexical tone percep-
tion share the same neural circuitry and critical age of acqui-
sition. Such general neural circuitry would have been
established in infancy for tone language speakers. Her hy-
pothesis predicts that musical training should not affect lexi-
cal tone perception of Cantonese native speakers because
early linguistic experience with lexical tones and musical
training should have similar and comparable effects on tone
perception performance. Our findings that merging Canton-
ese speakers performed as well as the standard Cantonese
speakers on the pure tone task is expected by her hypothesis.
Nevertheless, the findings in the present study also raise a
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number of questions about this hypothesis. First, if lexical
tones are treated by the brain in exactly the same way as mu-
sical tones, why would there be different performance in the
two domains by the same native speakers? Specifically, the
standard Cantonese listeners performed better than the merg-
ing Cantonese listeners in lexical tone perception but per-
formed similarly in pure tone perception. Such discrepancy
between lexical and musical tones is not predicted by the
same neural circuitry hypothesis. One possible reason may
be related to the higher-level cognitive processes involved in
lexical processing but not in musical processing. Presum-
ably, the standard Cantonese listeners could better make use
of top-down lexical information than the merging listeners in
the lexical tone task. More studies targeting processing at
different levels for native tone speakers are needed to eluci-
date this possibility.

Second, the existence of musicians who are merging
lexical tones is also not expected by Deutsch’s hypothesis.
Although the effects of lexical tone experience and musical
training are not incremental in her hypothesis, it is reasona-
ble to expect that their effects should at least be similar and
comparable in the same direction. It is particularly worth
pointing out that among the 10 merging Cantonese musi-
cians in this study, three were at professional performance
level. Two of them majored in Music at the Chinese Univer-
sity of Hong Kong. One majored in piano performance; the
other held a performance diploma in vocal singing in addi-
tion to having studied the Guzheng (a Chinese string instru-
ment) for more than 10 years, and the piano for more than 6
years. The third merging musician also held a performance
diploma in piano. Nevertheless, such advanced musical
training still could not prevent them from merging lexical
tones. Or conversely, the merging of lexical tones did not
hamper their musical abilities at all. These intriguing cases
demonstrate that linguistic tones and musical tones were
treated separately by them. In addition to the existence of
merging musicians, the finding of no association between
the ability of absolute pitch and the ability to use FO height
to identify Taiwanese tones by Taiwanese musicians by Lee
et al. (2011) does raise some questions to the same circuitry
hypothesis. Clearly, more studies specifically focusing on
musicians who speak a tone language natively are needed to
further explore this interesting area.

One possible interpretation of the perceptual differences
between standard Cantonese and merging Cantonese sub-
jects on lexical tones is that they speak different “dialects”
of Cantonese, analogous to the differences between British
and American English. Speakers of one dialect (merging
Cantonese) would do less well in making judgments on the
other dialect (standard Cantonese) than on their own dialect.
There are indeed dialects of Cantonese, for example, Hong
Kong Cantonese versus Guangzhou Cantonese. In addition
to the high-level tone T1 [55], there is a high-falling tone
[53] in Guangzhou Cantonese, but this variant is already
assimilated to or is used in free variation with the high-level
realization [55] in Hong Kong Cantonese (So, 1996; Bauer
and Benedict, 1997). Nevertheless, the tonal variations
between standard Cantonese and merging Cantonese sub-
jects are not the same as those of dialectal differences. First
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of all, these speakers lived and grew up in the same place
with comparable linguistic backgrounds (see Sec. IIA).
They still have the same phonological tone categories
although there are differences in phonetic realizations. There
is also large individual variation among the merging Canton-
ese speakers in terms of tone merge (e.g., different tone pairs
and degrees of merging), which indicate that merging Can-
tonese is not, as it were, an “established dialect.” Merging
Cantonese can at best be viewed as subvarieties of standard
Cantonese (Bauer et al., 2003). Therefore dialectal differen-
ces cannot explain the weaker performance of merging Can-
tonese subjects on the lexical tones.

There is much recent independent evidence in the litera-
ture supporting the separation of musical and linguistic
domains from different perspectives. While our results show
no musical facilitation on lexical tone perception by native
Cantonese speakers, there are studies showing no transfer
effect from lexical tone experience to music perception in
behavioral tasks. Nan et al. (2010) and Jiang et al. (2010)
found that Mandarin speakers may experience musical pitch
disorder (congenital amusia) in a way similar to nontone lan-
guage speakers despite their early exposure to speech-related
pitch contrasts. For example, the prevalence of congenital
amusia in Mandarin speakers in Nan ez al.’s study (3.4%) is
very close to the percentage reported in Western countries
(4%). Mandarin amusic subjects in both studies have similar
musical impairment as Western amusic subjects. They also
had problems in identifying both speech and non-linguistic
analogues for Mandarin intonation. Thus tone language ex-
perience provides little compensation for the pitch disorder,
although more recently Wong et al. (2012) found that Can-
tonese amusic participants showed enhanced pitch abilities
relative to their Canadian amusic counterparts. Differences
in the target languages (Mandarin vs Cantonese) and in the
experimental tasks (identification and discrimination of lexi-
cal tones and melodic contours vs (in)congruity judgments
of musical melodies) may explain the different findings in
the preceding studies on amusic tone language speakers.

Despite studies showing that knowledge of a tone lan-
guage can enhance pitch perception (e.g., Pfordresher and
Brown, 2009), fluency in a tone language may interfere with,
rather than facilitate, the perception of falling pitches in a
non-speech context. Both Bent et al. (2006) and Peretz et al.
(2011) found that native speakers of a tone language were
impaired in the discrimination of falling pitches in tone
sequences in non-speech context as compared to speakers of
a nontone language. They argued that tone language listeners
may have relied on their speech-specific processes as com-
pensatory strategy when pitch differences are difficult to
hear. In any case, their results indicate that, counter-
intuitively, tone language experience does not necessarily
enhance pitch perception, demonstrating the separation
between linguistic and non-linguistic (musical) domains.

It seems possible that musical training can facilitate lin-
guistic tone perception only if musical training starts before
the linguistic use of tones as in the case of nontone musi-
cians. Explicit musical training has increased their sensitivity
to detect subtle pitch differences in linguistic tones more
accurately (Wong et al., 2007; Bidelman et al., 2010).
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However, if the linguistic use of tones has started already, as
in the case of the merging Cantonese subjects, even
advanced musical training cannot enhance their perception
of linguistic tones at all. Our findings imply that the linguis-
tic use of tones is more fundamental and more robust than
musical tones. If the linguistic domain is not activated, then
musical training may enhance lexical tone perception but not
vice versa.

The suggestion of the more fundamental role of the lin-
guistic domain is supported by recent studies. Tillmann
et al. (2011) found that in the presence of severe musical
pitch deficit (congenital amusia), pitch information was
slightly better perceived in speech materials (syllables)
than on musical analogs. In addition, Cooper and Wang
(2012) showed that either musical experience (for English
listeners) or a tone language background (Thai listeners)
led to significant improvement in non-native tone word
learning in Cantonese as compared with those without
musical training or tone language experience. However,
musical background did not provide any additional advant-
age for Thai musicians over Thai non-musicians in learning
non-native Cantonese words. Their findings suggest a dif-
ferential in relevance of musicality depending on linguistic
background.

Perhaps the best way to incorporate the seemingly dis-
crepant results in the literature on the relationship between
music and speech is to view the two domains as separate but
overlapping at different levels. One possibility is that there
can be domain-general perceptual processes but domain-
specific structural representations between music and speech
(Patel, 2003, 2008). Although this idea was proposed based
on syntactic processes and representations, Wong et al.
(2012) suggested that the same proposal can also be used in
tone perception. A second possibility is that music and
speech share lower-level processes while maintain separate
higher-level processes. Nan and Friederici (2012) compared
pitch processing in music and tone language in Mandarin-
speaking musicians with fMRI. They found both shared neu-
ral circuits for pitch processing across domains and domain-
specific modulation of the perceptual processes. Similarly,
Bidelman et al. (2010, 2011) showed that there can be shared
lower-level circuitry in the brain stem (pre-attentive stage)
but different higher-level processing (cognitive stages)
between music and speech. They argued that perceptual ben-
efits across domains only exist when the information is
behaviorally relevant to the listeners. Mottonen et al. (2005)
found different neural activities in the same brain area (left
STSp) when the subjects listened to identical sounds (sine
wave speech) as speech or non-speech. All these results sug-
gest that more brain imaging studies can reveal the complex
interactions and mechanisms between music and speech and
the mental architecture of tone perception in general.

To conclude, the current study investigated the effects
of musical training on Cantonese tone perception by native
and nontone speakers. Musical training enhanced lexical
tone perception of nontone speakers while it had little effect
on both standard and merging Cantonese speakers. The find-
ings suggest that the linguistic and musical mechanisms
belong to separate but overlapping domains.
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