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ABSTRACT

Following publication of the Sapir-Whorf hypothesis, evidence has
accumulated for the influence of language experience on perception.
There are thousands of languages in the world which make use of pitch
patterns to construct words much as vowels and consonants are used,
among which Mandarin (a.k.a. Putonghua) is a typical tone language.
This study examines the effect of language experience (tone language
experience vs. nontone language experience) on non-linguistic pitch
perception. First, we show a significantly higher prevalence of absolute
pitch among native tone-language-speaking music students than among
nontone-language-speaking music students. Moreover, we show that
language experience shapes the perception of tone sweeps, extending the
influence of language prototypes from the linguistic domain to the non-
linguistic domain. Taken together, these results demonstrate that language
experience affects auditory perception, and so provide evidence for the
Sapir-Whorf hypothesis in the auditory modality.
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1. INTRODUCTION

We begin our lives with the biological capacity to learn any
language. By the time we are five or six, we are fully assimilated into
English, Chinese, Swahili, or any of the several thousand languages that
are currently spoken around the world. Each of these languages is a
highly complex system, which represents the world in a unique way, with
its own stock of sounds, words and phrases, and its own grammatical
constructions. How do these different systems of representation influence
our perception and behavior? This question was highlighted by two
influential American linguists around the middle of the last century, and
is referred to as the Sapir-Whorf hypothesis (Carroll 1956; Kay and
Kempton 1984). However, because of the difficulty in stating the
hypothesis in empirical testable terms, it has not so far led to much
experimental research.

Recently, however, this hypothesis has sparked renewed attention,
including the gathering of empirical evidence (Reines and Prinz 2009),
especially in the realm of color perception (Drivonikou et al. 2007;
Franklin et al. 2008; Gilbert et al. 2006; Kay et al. 2008; Roberson et al.
2007; Winawer et al. 2007). In a series of wide ranging experiments with
adults, infants, aphasics, as well as two patients with callosotomy, it has
been shown that color discrimination can be achieved faster by the left
hemisphere, even when the subject responds by silently pressing keys
(Kay et al. 2008). Furthermore, neuroimaging experiments have shown
that the brain regions in the left hemisphere involved in such perceptual
decisions are those that are also used in word finding processes (Siok et
al. 2009; Tan et al. 2008). These experiments lead to the conclusion that
our behavior in perceiving color is influenced by how the words of our
language classify that portion of the electromagnetic continuum, in
support of the Sapir-Whorf hypothesis. Moreover, support for
lateralization of the Whorf effect has been found beyond the realm of
color discrimination, where the perception of animal figures (cats and
dogs) was more strongly affected by linguistic categories for stimuli
presented to the right visual field than those presented to the left (Gilbert
et al. 2008). Hence the term “Lateralized Whorf” is sometimes used to
refer to these findings.
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We now turn our attention from the visual modality to spoken
language. Every language makes use of pitch to signify intonation patterns.
However, a considerable portion of languages additionally use pitch to
contrast lexical meanings, i.e., tone languages (Wang 1967, 1972, 1973).
The various varieties of Chinese are all tone languages, among which
Mandarin and Cantonese are two well-known examples (Peng 2006). In
this regard, Cheng (1973) gives an overview of tone systems of Chinese
varieties. Previous studies have demonstrated that the additional use of
pitch for lexical contrasts shapes linguistic pitch perception (Hallé et al.
2004; Gandour 1983; Lee et al. 1996; Peng et al. 2010; Wang 1976; Xu et
al. 2006). Recently, a series of studies have shown that language experience
also shapes non-linguistic pitch perception; i.e., the prevalence of absolute
pitch (AP: The ability to label or produce musical tones in the absence of a
reference tone) among musicians, with native tone-language-speaking
musicians having a significantly greater prevalence of AP (Deutsch 2002;
Deutsch et al. 1999, 2004a, 2006, 2009).

In the present study, we continued to explore this issue in the
auditory modality with two extensions: First, we investigated the
prevalence of AP in a very larger number of students in music
departments at regular universities in South China (these were native
Mandarin speakers, and constituted the tone language group), and
compared the AP performance of these music students with that of music
students at a regular university in the U.S (these were English speakers,
and constituted the nontone language group). We also compared these
results with earlier published findings for nontone language speakers at a
music conservatory in the U.S. , for which the sample size was also very
large (Deutsch et al. 2009). The present study extended this investigation
to students who were not in music conservatories, but rather in regular
universities, so that our findings are more representative of the general
population of musically literate individuals. As another issue, it has been
suggested that fixed-do systems of musical training are more conducive
to the development of AP than are moveable-do systems. In fixed-do
systems, solfege symbols (do, re, mi, etc.) are used to define actual
pitches. In contrast, in moveable-do systems the terms (C, C#, D, etc.) are
used to define actual pitches, and the terms (do, re, mi etc.) are used
instead to define the roles of pitches relative to a tonic. It has been
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surmised that since AP is more prevalent in some countries where fixed-
do training is common, such as Japan, and is rare in other countries, such
as the U.S., where moveable-do training is more common, then fixed-do
training enhances the predisposition to acquire AP (Gregersen et al. 2001).
However, AP is also rare in other countries, such as France, where fixed-
do training is again common, so the argument in favor of fixed-do
training based on prevalence of AP in a few selected countries is a
problematic one. To investigate the effect in our Chinese population, the
subjects had the option of responding using either fixed-do or moveable-
do terminology, so indicating the type of training they had received.

Second, we examined the influence of language experience on
categorizing nonspeech tone sweeps which had the same fundamental
frequency (F0) distribution as their speech counterparts (Peng et al. 2010),
where the two endpoints of the rising continuum represented the
Mandarin high level tone and high rising tone respectively. By using the
above two experiments, we investigated how language experience
influences the perception of non-linguistic familiar sounds, such as
musical tones by musicians, and non-linguistic unfamiliar sounds, such as
tone sweeps by nonmusicians.

2. METHODS
2.1 Musical tone labeling task
2.1.1 Participants

The tone language (native Mandarin) group consisted of 298
subjects (70 males and 228 females) who were first- or second-year
students at music departments of 3 universities in Guangzhou, P.R. China:
With 144 subjects from South China Normal University, 60 subjects from
Guangdong University of Foreign Studies, and 94 subjects from South
China University of Technology, with a mean age of 20.2 (range 17-27)
years. Among the above 298 subjects, there were 15 subjects who
reported having had no musical training. Consequently, only data from
the remaining 283 subjects were analyzed. The nontone language (native
English) group consisted of 24 subjects (14 males and 10 females), who
were first- or second-year students at University of California, San Diego
(UCSD) with a mean age of 26.3 (range 22-30, with one outlier of 50)
years. In both groups, all students who were invited to take the test of AP
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agreed to do so; there was therefore no self-selection of subjects within
either group.

2.1.2 Stimuli

The stimuli were a set of 36 notes that spanned the three-octave
range from C3 (131 Hz) to B5 (988 Hz). These notes were piano tones
generated on a Kurzweil K2000 synthesizer which was tuned to the
standard A4 of 440 Hz, and were 500 ms in duration.

2.1.3 Procedure

Subjects were administered a test for AP that was identical to that
given in (Deutsch et al. 2006, 2009). Tones were presented in three
blocks of 12, with 4.25 s intervals between onsets of notes within a block,
and 39-s rest periods between blocks. The subjects were asked to write
down the name of each tone (C, C#, D, and so on, or “do”, “do sharp”,
“re” in Chinese notation style) when they heard it. In order to minimize
the use of relative pitch as a cue, all successively presented tones were
separated by an interval larger than an octave.

The three test blocks were preceded by a practice block in which
four successive tones were presented. The subjects were given no
feedback, either during the test blocks or during the practice block. The
notes were played to subjects via a CD or DVD player, amplifier, and two
loudspeakers. The subjects were also asked to fill out a questionnaire
concerning their music education, where they and their parents had lived,
and the languages they and their parents spoke.

2.2 Tone sweep labeling task'
2.2.1 Participants

Eighteen native speakers of Mandarin (tone) at Peking University
in Beijing (8 females and 10 males, mean age = 23.2 yrs, SD = 2.3), and
15 native speakers of German (nontone) at the Max Plank Institute in
Leipzig in Germany (7 females and 8 males, mean age = 28.3, SD = 4.8)
were recruited for the tone sweep labeling task. No participant reported
formal musical training, or any speech, language, or hearing difficulty.



452 JOURNAL OF CHINESE LINGUISTICS VOL. 41, NO. 2 (2013)

Starting frequency End frequency
11 135Hz _ 135 Hz
10 132Hz V
9 129 Hz
8 126 Hz
7 123 Hz
6 120 Hz
5 117 Hz
4 114 Hz
3 111Hz Ny
2 108 Hz T
1 105 Hz
s :
0.1s 04s

Fig. 1. Schematic diagram of the pitch contours of the 11 tone sweeps
(adapted from Wang 1976).

2.2.2 Stimuli

Fig. 1 shows a schematic diagram of the tone sweeps used in this
task. The 11 tone sweeps were created by software Praat (Version 5.1.05.
Retrieved on May 1, 2009, from http://www.praat.org/). The detailed
procedures for constructing the tone sweeps have been described in Peng
et al. (2010). Complex tones have been used in the literature (e.g. Xu et al.
2006) as nonspeech stimuli, but sinusoidal tone sweeps (without
harmonic structure) were used in the current study because they differ
more than do complex tones from their speech counterparts.

2.2.3 Procedure

Two sounds (the two endpoints of the continuum) were played to
participants multiple times (3—8 times according to participants’ request)
at the beginning of the test, and the participants were asked to remember
these two representative sounds (the stimulus Number 11 was defined as
‘Sound 1°, while the stimulus Number 1 was defined as ‘Sound 2’). The
stimuli in the continuum were presented to the participants in random
order, and the participants were asked to press key ‘1’ when they heard
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‘Sound’ 1 and to press key ‘2’ when they heard ‘Sound 2’ (two-alternative
forced choice, 2AFC), categorizing each stimulus into either category
represented by ‘Sound 1’ or ‘Sound 2’. Once a response was collected or
3500 ms had elapsed from the onset of the stimulus, whichever came first,
the next stimulus was presented automatically following a 300 ms pause.
The 11 stimuli were repeated twice in a block, with 5 such blocks in total.
There was an additional practice block before the five test blocks.

3. RESULTS
3.1 Labeling Musical tones by musicians
3.1.1 Effect of language background

Before data analysis, three age groups were defined according to a
previous study (Deutsch et al. 2009) in order to make better comparison:
ages 2--5; ages 6--9; and ages >10. Fig. 2. shows the percentage correct
responses on the test of AP, as a function of age of onset of musical
training. A much higher score was produced by the tone language group
for age-of-onset groups 2--5, and 6--9, with clear performance
decrements for age-of-onset group > 10.
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Fig. 2. Percentage correct responses on the test of AP, as a function of
age of onset of musical training. The error bars represent standard error.
The solid line shows the performance of the tone language group. The
dashed line shows, as a comparison, the performance of native speakers
of nontone language group. The short dashed line labeled chance
represents chance performance on the task.
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Statistical tests were carried out to determine the significance of
the observation. A 2 x 2 x 3 analysis of variance (ANOVA) test was
performed, with language group (tone vs. nontone), gender (male vs.
female), and age-of-onset group (age of onset of musical training: 2--5 vs.
6--9 vs. > 10) as factors. A highly significant effect of language group
was found [F(1, 295) = 15.47, p < .001]. A highly significant effect of
age group was also found [F(2, 295) = 6.82, p < .001]. The effect of
gender was found to be non-significant [F(1, 295) = .21, p = .64]. The
interaction between language group and age group was highly significant
[F(2,295)=17.55, p <.001].

Further analyses examined the effect of age of onset of training for
each language group separately. For nontone language group, this effect
was non-significant [F(2, 21) = 1.76, p = .20], as would be expected from
the small sample size combined with the overall very low performance.
Previous findings (cf. Deutsch et al. 2006, 2009) have all pointed to an
effect of age of onset of musical training for nontone language speakers.
However, for the tone language group, the effect of age of onset of training
was found to be highly significant [F(2, 280) = 56.68, p < .001]. Post-Hoc
Bonferroni comparisons revealed that the effects of age of onset were
found to be significant for each pair of age-of-onset groups of the tone
language group (p < .001). The effect of language group was found to be
significant for the age group 2--5 [F(1, 42) = 8.12, p < .01], significant for
the age group 6--9 [F(1, 94) = 6.63, p <.05], but non-significant for the age
group > 10 [F(1, 165) = .10, p =.75].

3.1.2 Effect of type of response

Fig. 3. shows the percentage correct responses on the test of AP, as
a function of age of onset of musical training and type of response. For
each age group, the performance of the subjects among those who had
received moveable-do training was higher than that of subjects among
those who had received fixed-do training.
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Fig. 3. Percentage correct responses on the test of AP, as a function of
age of onset of musical training. The error bars represent standard error.
The solid line shows the performance of the group responding with
moveable-do terminology. The dashed line shows the performance of the
group responding with fixed-do terminology. The short dashed line
labeled chance represents chance performance on the task.

Statistical tests were carried out to determine the significance of
the observation. A 2 x 3 ANOVA test was performed, with type of
response (fixed-do vs. moveable-do) and age-of-onset group as factors. A
highly significant effect of type of response was found [F(1, 277) = 15.05,
p <.001]. A highly significant effect of age group was again found [F(2,
277) =27.33, p <.001]. The interaction between type of response and age
group was significant [F(2, 277) = 4.46, p < .05].

Further analyses examined the effect of type of response for each
age group separately. The effect of type of response was found to be
significant for the age group 6--9 [F(1, 85) = 4.55, p < .05], but non-
significant for the age group 2--5 [F(1, 36) = 3.02, p = .09] and age
group> 10 [F(1, 156) = 2.66, p = .11]. For the age group 2--5, though the
result did not reach significance, the performance for the moveable-do
group was obviously better than that of the fixed-do group. This non-
significant result was likely due to the small number of subjects (only 7
subjects) for the fixed-do group.
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3.2 Labeling Tone sweeps by nonmusicians

Concerning the experiment on tone sweeps, Fig. 4 depicts the
response curves for a Mandarin subject. The subject labeled stimuli
Number 1, 2, and 3 with 100% as “Sound 2”, and stimuli Number 7, 8, 9,
10, and 11 with 0% as “Sound 2”7, i.e., with 100% as “Sound 1”.
Boundary position and boundary width of response curves were assessed
by Probit analyses of individual response curves (Finney 1971): The
boundary position was defined as the 50% crossover point, and the
boundary width was defined as the linear distance between the 25th and
75th percentiles of either fitted response curve as determined by the mean
and standard deviation obtained from Probit analysis.
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Fig. 4. The solid curve represents the response curve for “Sound 2”, and
the dotted line represents the response curve for “Sound 17, for a
Mandarin subject. The sum of percentiles of the responses to one stimulus
is 100, since it is a two-alternative forced choice task.

In several recent studies, the boundary position was found to be
language independent, while the boundary sharpness or width was found
to be language dependent (Xu et al. 2006; Peng et al. 2010). Therefore,
the main focus was on boundary width here. Fig. 5 shows the
distributions of the boundary widths for the two language groups. There
were two extreme outliers for the tone group, and one for the nontone
group, which fell outside the upper bound of the y axis of Fig. 5.
Moreover, these outliers were also out of the range of corresponding
mean + 2 x standard deviation. Therefore these three outliers were
discarded in further analyses.
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Fig. 5. Distribution of boundary width on the test of tone sweep
categorization, as a function of language. Each point represents the
boundary width for one subject. Diamonds represent widths for tone
language speakers, and squares for nontone language speakers.

As expected, non-significant effect of language (tone vs. nontone)
on boundary position was found [F(1, 28) = .04, p = .85]. A highly
significant effect of language on boundary width was found [F(1, 28) =
13.71, p <.001], with marginal mean of 1.46 for the tone group, and 2.12
for the nontone group. The effect of gender on boundary width was found
to be non-significant [F(1, 28) = 1.734, p = .20].

4. GENERAL DISCUSSION

The findings regarding the influence of language experience, and
age of onset of musical training, on the prevalence of AP are highly
consistent with findings in the previous literature (Deutsch et al. 2006,
2009). The performance level on the AP test was significantly higher
among those who were native tone language speakers compared with
those who were nontone language speakers, indicating that the use of
pitch as lexical contrasts facilitates the development of AP. Although the
number of nontone language subjects in the present study was small, the
data present a striking replication of the University of Southern California
(USC) results reported earlier (Deutsch et al. 2009), where data from 176
nontone language subjects were analyzed. Given the current very large
scale of the AP tests for tone language subjects (283 effective subjects),
together with the striking replication of the results for the nontone group,
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the current findings are presumably representative for the target
populations. The effect of age of onset of training was again consistent
with previous research (Deutsch et al. 2006, 2009): The earlier the onset
of musical training the higher the probability of acquiring AP ability.
More specifically, AP was found to be most prevalent among those who
had begun musical training at ages 2--5, less prevalent at ages 6--9, and
very rare at or after age 10.

As shown in Fig. 2, for the tone language group, the first significant
performance decrement from 51.5% to 27.5% indicates that the best period
for acquiring AP is ages 2--5, and the second significant decrement from
27.5% to 14.9% indicates that successfully acquiring AP is quite unusual at
age 10 or later. However, for the nontone language group, together with
reference to the data reported in (Deutsch et al. 2006, 2009) where a much
larger number of nontone subjects were tested, AP performance was about
chance level when the age of onset of musical training was greater than 6,
which is consistent with the sensitive age limit (5-6 years) of the early
learning hypothesis (Vitouch 2003). This finding resonates with the claim
that the prevalence of AP is extremely rare in the U.S. and Europe, with an
estimate of less than one in 10,000 in the general population (Profita and
Bidder 1988). It also strengthens the claim that for tone language speakers
the acquisition of absolute pitch is akin to acquiring a second tone language
(Deutsch et al. 2004a). For tone language speakers, the neural circuitry for
acquiring the association between pitches and verbal labels is already in
place, so that they are able to build the ability of acquiring absolute pitch
on it with greater success. Moreover, better pitch processing ability as a
result of music training also carries over to speech processing (Wong et al.
2007; Oechslin et al. 2010).

With respect to the second experiment, the boundary width of the
tone sweep labeling task is significantly narrower for the tone language
group, i.e., it shows a sharper transition in this group than in the nontone
language group. The high level tone, with pitch contour represented as
stimulus Number 11, and the high rising tone, with pitch contour
represented as stimulus Number 1, both exist in the phonological system
of Mandarin.

Our findings with respect to tone sweeps are in accordance with
existing theoretical frameworks and associated research. The perceptual
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magnet effect hypothesizes that native language prototypes pull
neighboring speech sounds toward them (Kuhl et al. 2008), which would
make the labeling transition sharper for tone language speakers. This
hypothesis is tightly connected with evidence of categorical perception for
native speech sounds (Liberman 1996; Liberman and Whalen 2000).
Further, the transition boundary may also be associated with the idea of
footprint in the quantal theory of speech perception (Stevens 1998, 2000).
Our findings indicate that the influence of the two language prototypes, i.e.,
the high level tone and the high rising tone, extends to perception in the
nonspeech domain. Besides its influence at the behavioral level, language
experience has been found to shape the perception of tonal contours in
nonspeech contexts at the level of the brainstem (Krishnan et al. 2008).

As described earlier, we found that native speakers of tone
languages performed significantly better than a matched group of nontone
language speakers in our test for absolute pitch. Correspondingly, Fig. 5
shows that native speakers of tone languages without formal musical
training show a significantly narrower categorization boundary, when
compared with a nearly matched pool of native speakers of nontone
languages. The stimuli for the latter experiment would have been familiar
to the musician subjects, but not to the nonmusicians. Yet in both cases it
is clear that whether the native language is tonal or not has a highly
significant effect on their pitch perception, which provides evidence for
the Sapir-Whorf hypothesis in the auditory modality. Further, the
performance of the subjects among those who had received moveable-do
training was higher than that of subjects among those who had received
fixed-do training, especially for the subjects who started musical training
before age 10. These findings show that fixed-do training cannot account
for the high level of performance among the Chinese subjects in our study.

The basis for AP is still unclear. An enhanced leftward asymmetry
of the planum temporale has been found among Western AP possessors
(Keenan et al. 2001; Schlaug et al. 1995; Zatorre 2003; Zatorre et al.
1998), and this might indicate a hardwired, and so possibly genetic basis
of AP among nontone language speakers. However, in the study by
Deutsch et al. (2009) it was found that, among subjects of the same ethnic
heritage, significant differences in performance level emerged depending
on degree of fluency in speaking a tone language; moreover, the
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performance level of subjects of East Asian ethnicity who were not fluent
in speaking a tone language did not differ significantly from that of
subjects of Caucasian ethnicity (who also did not speak a tone language).
These two findings indicate that there is no genetic advantage to East
Asian ethnicity for the predisposition to acquire AP. Nevertheless, the
factors determining the acquisition of AP by nontone language speakers
still remain unresolved.

A recent paper raised the question “Is there an Asian advantage for
pitch memory?”, and answered it in the negative (Schellenberg and
Trehub 2008). However there were important differences between their
subject characteristics and ours. In their study, the subjects (mean age 10
years, 9 months) were not potential musicians, since the average amount
of musical training they had obtained was only 17 months. In contrast, in
the present study, the average amount of musical training obtained before
age 11 for those who began musical training no later than 9 years old was
more than 5 years. Therefore, our findings do not conflict with those of
Schellenberg and Trehub, while at the same time they do show an Asian
advantage.

Pitch ability in language and music have been shown to be closely
related (Deutsch et al. 2004a; Deutsch et al. 2004b; Jackendoff and
Lerdahl 2006; McMullen and Saffran 2004), even since early childhood
(Chen-Hafteck 1998; Garfias 1990). In addition to possibly shared neural
circuitry at the cortical level, previous research has indicated a common
subcortical manifestation also (Wong et al. 2007). No doubt early
development in a tone language environment sharpens the acuity of pitch
perception in language, and this advantage is likely to be carried over to
the nonspeech domain, e.g. musical notes, or tone sweeps.

We can hypothesize that the advantage for AP possession among
tone language speakers may well begin during fetal life. Native speakers
of tone languages are exposed to tonal contrasts even before birth (Holst
et al. 2005; Welling 2010), and 2-3 day-old infants are able to process
pitch intervals (Stefanics et al. 2009). Native speakers of nontone
languages do not have pitch training comparable to that of native
speakers of tone languages before they begin music lessons. Nevertheless,
it has been found that 8-month infants from nontone language speaking
families were more likely to track patterns of AP than of relative pitches,
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while adults relied primarily on relative pitch (Saffran and Griepentrog
2001). Since some speech abilities appear to be lost roughly 9 months
after birth if the they are not reinforced by environment (Kuhl 2004), the
pitch processing ability of nontone language speakers might well be
reduced if they do not receive alternative pitch training, such as in music.

So far, the most widely used contrast for language experience in
this regard has been a general one; i.e., tone language vs. nontone
language, and only a limited number of studies have considered contrasts
in different tone systems. Peng et al. (2010) found that Cantonese and
Mandarin subjects showed different discrimination patterns for speech
tone continua, indicating that experience with different tone languages
differentially modulate pitch perception. It is well known that Cantonese
has a rich tone inventory in comparison to Mandarin (Peng 2006). It is
natural to ask whether the richer tone inventory of Cantonese provides its
users with better pitch ability in general. Moreover, Cantonese has
multiple level tones, so processing pitch height must be particularly
useful in distinguishing these tones. Such a heavy dependence on pitch
height in Cantonese may enhance the ability of its speakers to identify
piano music notes, which are also level in pitch. Based on this
consideration, we further hypothesize that the prevalence of absolute
pitch among native Cantonese musicians might be even greater than that
among native Mandarin musicians. This is a fascinating topic that merits
further study.
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NOTES

1. The original data that were obtained on this task were published in
Peng et al. (2010). Since the aim of the present study was to examine how
nonmusicians label tone sweeps, in relation to their linguistic background,
participants with professional music training were discarded from the
present analysis, and only the data from the remaining 18 Mandarin and
15 German participants were here analyzed.
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